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1. INTRODUCTION

The agricultural activities have an importance

ABSTRACT

Crop selection for sustainable and effective agricultural land management has to take
into accounts several issues such as chemical, physical, environmental, economic and
social conditions. Especially after land consolidation projects, sustainable
agricultural crop management should be investigated for each crop which are
suitable for the project area to benefit from the land consolidation contributions such
as irrigation, roads, modified parcel boundaries and surfaces. Thus, Geographical
Information Systems (GIS) aided suitability analysis techniques are required to
determine the suitable crops for the consolidated areas. In this study, Analytic
Hierarchy Process (AHP) and Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) multi-criteria decision techniques are integrated with GIS to
determine most suitable crops for parcels. The suitability maps of wheat, clover,
sugar beet and corn crops are generated for the projected area using 63 Land
Mapping Units (LMU) with considering pH, lime, texture, salinity, organic matter,
electrical conductivity, permeability, slope, aspect and the distance to settlements
and roads within chemical, physical, topological and socio-economic criteria.

The Food and Agricultural Organisation (FAO)
suggested an approach for crop suitability via a
ranking from suitable to not suitable including soil

that can accelerate the development of a country
with its economic proceeds. There is a very close
relation between the agricultural lands of a city and
its economic-social status. Thus, the planning of
agricultural activities and establishing Sustainable
Agriculture Management (SAM) systems in
developing cities are very important in the field of
economic, social and environmental criteria (Rigby
etal. 2001; Cauwenbergh etal. 2007; Radulescu et al.
2011; Akar and Gokalp 2018).

Crop suitability ~ analysis, sustainable
agricultural yield, pest control and irrigation are
involved in SAM environment. Especially in land
consolidation projects, site suitability analysis for
crop selection is getting more essential to benefit
from the advantages of land consolidation projects.

properties, climatic conditions and land facilities
(FAO 1976). Addition to this, crop suitability
requires considering chemistry and physics of soil,
topographic, climatic and environmental data when
deciding (Wang et al. 1990; Joerin et al. 2001;
Ceballos-Silva and Lopez-Blanco 2003a; Eliasson et
al. 2010; Yu et al. 2011; Confalonieri et al. 2013;
Elsheikh et al. 2013).

The existence of a wide range data in crop
suitability and the complexity of criteria are the
scope of Multi Criteria Decision Analysis (MCDA)
(Zolekar and Bhagat 2015). MCDA is a general term
that refers to determine the best alternative from all
of the existing alternatives in the presence of
multiple criteria (Zeleny 1982; Radulescu etal. 2010;
Ramirez-Garcia et al. 2015).
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In this concept, Analytical Hierarchy Process
(AHP) is one of the most applied methods in MCDA,
which aims to calculate weights for each criterion
among the parameters that involved in crop
suitability (Saaty 1977, Saaty 1994, Saaty 2001;
Saaty and Vargas 1991). AHP involves the
calculations to determine most suitable solutions to
the desired problem within multiple criteria by
calculating weights with a pairwise comparison
matrix (Arentze and Timmermans 2000; Chen et al.
2010). Calculated weights represent the affect rate of
each criterion to the total suitability. On the other
hand, TOPSIS is another method based on
determining the distances, which has the shortest
distance to positive ideal solution and longest
distance from negative ideal solution (Hwang and
Yoon 1981; Sar1 et al. 2020).

In literature, there are considerable amounts of
researches, which initialize the suitability of crops.
The common alternative cropping systems via
MCDA, cover crop species and cultivars selection
were studied by (Hayashi 2000; Prakash 2003;
Sadok et al. 2008; Thapa and Murayama 2008; Chen
et al. 2010; Ramirez-Garcia et al. 2015). The other
studies were based on a special crop such as;
strawberry and rubber tree (Roudeillac et al. 1997;
Diaby et al. 2010), walnut cultivars (Srdjevic et al.
2004); lilium species and clones (Li et al. 2011);
maize and potato (Ceballos-Silva and Lopez-Blanco,
2003b); tobacco (Chavez et al. 2012); faba bean
(Kazemi et al. 2016); oat crop (Ceballos-Silva and
Lopez-Blanco 2003a); olive crop (Elaalem 2013), the
fruit crops (Chuong 2007), biomass crop (Cobuloglu
and Buyuktahtakin 2015), paddy crops, vegetable
and flower, annual crops, mulberry, coffee and tea
(Dinh and Duc 2012). Although one crop type is
examined in recent studies, most common
agricultural crop types were studied in this paper
and addition to AHP, TOPSIS method was used for
crop suitability. The study area and parcel counts are
one of the largest of recent studies and land
consolidation area was used in this study.

In this study, AHP and TOPSIS methods are
integrated to determine the suitability of corn,
clover, wheat and sugar beet, which are the main
crops of the study area, for consolidated lands in
Seydisehir, Konya. There are 63 Land Map Units
(LMU) units and their chemical, physical,
topographical and socio-economic features are
considered which are obtained from soil survey
analysis of the project area. LMU’s are the soil survey
points, which are established before land
consolidation projects to define the soil properties
by taking soil samples. The suitability maps for crops
are generated with MCDA and Geographical
Information Systems (GIS) integration. The results of
the study can guide to the crop management and
irrigation planning by determining suitable parcels
for crops to increase the sustainable agricultural
activities and economic income. The results can also
guide to land consolidation projects considering the
Crop cover.
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2. MATERIALS and METHODS
2.1. Study Area

The study area Seydisehir-Gevrekli is a land
consolidation project area located in Konya city and
the city has 18763439 ha agricultural lands
according to the 2019 statistics (URL 1). This mean,
Konya has the largest agricultural lands in Turkey.
The topography of the study area and the parcels
used in this study are shown (Figure 1).

Seydisehir is a district of Konya and surrounded
with Cumra, Bozkir, Akseki and Beysehir districts.
The district has an average height of 1123 meter
above sea level and about 2000 km? of agricultural
lands. The topography of Seydisehir is mostly a plain
in the middle of the city and have high mountains
(The Taurus Mountains) in the south of the city that
compose the boundary with the Mediterranean
region and its climate.

32°00°E 33°0'0°E 34°0'0"E
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Figure 1. The study area Gevrekli
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The pH of the soil is varied from slightly acid to
strongly alkaline that suitable for a large amount of
agricultural crops. The salinity values are
appropriate for most of the crops and there are quite
a few areas, which have slightly, and moderately
salinity. The lime rate of the soils can rise to 46%.

The common texture of the area is loamy and
clay-loamy which can be accepted as appropriate for
most of the agricultural crops. The common area has
poor organic matter rate; thus, fertilizer usage
should be considered for agricultural crops. The area
has an average 2% slope commonly except the east
of the study area.

2.2. Methodology

The application model consists of a combination
of AHP and TOPSIS. GIS functions will contribute the
visualization and generating suitability maps.

2.2.1 Criteria selection

When deciding criteria, which will be included
in suitability analysis, the requirements of the crops
must be specified in the field of chemical, physical,

according to the expert decisions and recent studies.
The chemical criteria are specified considering soil
survey analyses, which are examined for land
consolidation projects. Soil pH, lime, organic matter,
salinity, electrical conductivity and boron
parameters are included in chemical criteria and
expected to be in required interval for crops. The
physical criteria include texture and permeability,
which are related to the soil nature. The
topographical criteria include slope and aspect
related to the drainage, irrigation and temperature.
Finally, the socio-economic criterion includes
distances from settlements and roads to consider
crop storage and transportation.

All the requirements are determined and
arranged as a table, which is given in Table 1 for corn
crop. The classifications of the soil requirements are
obtained from the fertilizer producers. In crop
suitability analysis, all values are converted to a
rating system with ordinal values (like S1, S2, S3, N1
and N2) representing the degree of suitability of
LMU based on the crop requirements (URL 2). S1, S2
and S3 are indicating the marginally suitable areas
and N1, N2 extremely unsuitable areas for selected

topographic and socio-economic perspective Crop.

Table 1. Corn requirements
Corn S1 S2 S3 N1 N2
pH (Class) 6-6,5 6,5-7 5,5-6 5-5,5 <5,0
Boron (ppm) 0,1 0,2 0,3 0,8 >1
Lime (%) <1 1-3 3-5 5-25 >25
OM (%) >10 10-5 5-2 2-1 1>
Salt (mmhos/cm) 2-3,5 3,5-5 2-1 5-10 >10
EC (mmhos/cm) 0-1 1-2 2-3 3-5 >5
Texture (Class) CL L C S -
Permeability (Class) >4 4-3 3-2 2-1 >1
Slope (%) >1 1-2 2-5 5-10 >10
Aspect (Class) South East West North -

2.2.2 Analytic hierarchy process (AHP) al = naij @

i=1 %j

The procedure outlined by (Saaty 1977) scales
the importance of each criterion, from 1 to 9
relatively (1=Equal, 3=Moderately, 5=Strongly,
7=Very, 9=Extremely). The reciprocal values 2, 4, 6
and 8 also refer to importance values within 1 to 9
importance scale of Saaty. The pairwise matrix
(Eq.1) includes the scales and determines the
importance of criteria.

A C1 C2 C3 .. Cn
C1 a aiy Az e a1n
Cc2 azi azz azs dzn 1)
C3 azy azz aszs azn
Cn an1 anz anz ann

Each element of the comparison matrix is
divided by the sum of its own column sum to
generate a normalized matrix (Eq.2).
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The average of the sum represents the weights
of each criterion in pairwise comparison (Eq.3).

n
1
w; = (H)Za{j (,j=123,...,n) 3)

i=1

The consistency of the pairwise comparison
matrix must be calculated to decide the criteria,
comparisons are consistent or not. Consistency
Index (CI) is one of the methods to define the
consistency coefficient of the pairwise comparison
matrix (Eq.4).

cl = Amax —-n (4)
n—1

Calculating consistency index depends on the
Amax (eigen value) value (Eq.5) and Random Index
(RI) value according to the matrix order (Saaty
1994).
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n
£ - lz [Z;Ll ajj wi] (5)
max n y wi
i=1

If CR (Eq.6) exceeds 0.1, based on expert
knowledge and experience (Saaty and Vargas 1991),
recommends a revision of the pairwise comparison
matrix with different values.

CI

R=—
CR=%1

(6)
2.2.3. Topsis

In evaluation matrix A, A=(12..,n)
represents the alternatives and C;, C = (1,2, ...,m) a
set of criteria; where Xi (X11 to Xum) defines the
ratings (Eq.7).

Calculate the weighted normalized decision
matrices R and V via Eq.8 (Hwang and Yoon 1981).

.
(%) = %
Z?:lxij

vi]-(x) = Wini]-(x) i= 1,”,] =1,...m

i=1,..n,j=1,..m

8

While positive ideal solution consists of the
largest element of weighted normalized decision
matrix V, negative ideal solution consists of the
smallest element. The J1 and ]2 are the benefit
(maximization) and the cost (minimization) criteria
(Eq.9).

Calculate the separation of the alternatives from
the positive and negative ideal solutions via
Euclidean distance calculation. The number of Di*
and Di- (Eq.10) will be equal to the number of

Gt C G Cm alternatives (Triantaphyllou 2000; Peters and
Ar Xy Xz Xg3 X1im Zelewski 2007).
Ao Xp1 Xy Xy Xom )
As X313 X3z Xs3 X3m
A X Xip Xyg o Xy
At ={V}(x), VS (x),., Vi (x)} = {(miaxv,-]- x) |j € jl)miinv,-]- @ 1j € juli=1, n} (9)
A" ={V(x),V; %),.,Va(®)} = {(miinvi]- x) |j € jl) maxuv;; @ 1j € jali=1, n} (9)
m chemical parameters and components have vital
D; = Zlvij(x)_v'+(x) JZ‘ (10) importance on crop growth, chemical criteria are
= ! weighted 60 %. Other criteria weights are calculated
20 % for physical and 10 % for topographic and
socio-economic criteria because topographic and
~ - 2. socio-economic criteria have indirect effect on crop
D Zlvii X -V X[, i=1.,n (10) suitability. The weights of the criteria were specified
=1

Calculate the relative closeness to the ideal
solution Ci* with Di* and Di-, where 1 > Ci* > 0. The
Ci* values close to 1 will be the better solution
relatively (Eq.11).

ct = D,
L7 D; + D

(11

2.2.4. Weight Calculation

Each criterion is reclassified and mapped via
ArcGIS 10.1 software, which are visualized in Figure
2 using Inverse Distance Weighted (IDW) spatial
analysis. Criteria maps are illustrated from green to
red, which represent suitability from high to low.

The first step of generating suitability maps is
weight calculation of  physical, chemical,
topographical and socio-economic criteria with a
pairwise comparison matrix (Table 2). Because
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considering recent studies.

Table 2. Crop suitability pairwise matrix

A1 C1 C2 Cs3 Cs w

C1 1 4.7 5 5.1 0.60036
Cz2 1/4.7 1 2 2.3 0.20114
Cs 1/5 1/2 1 1 0.10274
Ca 1/5.1 1/23 1/1 1 0.09575

A= Crop Suitability, C1= Chemical, C2=Physical,
Cs= Topographical, C4=Socio-Economic,
CR=0,038, W=Weights

In the second stage, criteria weights are
calculated separately according to the criteria (W1)
and main criteria (W2). The CR values of all
comparisons are lower than 0.10 indicate that the
use of the weights are suitable. W3 weights
represent the total weight of each main criterion
when generating suitability. All the AHP weights are
given in Table 3.
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I T— SN S V. R S — SR T e
Figure 2. Criteria Maps Distance to roads (DR), Distance to settlements (DS), Ph, Salinity (S), Texture (T), Boron
(B), Lime (L), Permeability (P), Electrical Conductivity (EC), Organic Matter (OM), Slope (S), Aspect (A)

Table 3. AHP weights of each criterion

Criteria Wi Main-Criteria W> Wi- Wix W2
PH 0.33 0.20
EC 0.12 0.07
. B 0.12 0.07
Chemical 0,6 L 0.12 0.07
oM 0.09 0.05
S 0.19 0.11
) T 0.75 0.15
Physical 0,2 p 0.25 0.05
. S 0.75 0.07
Topographic 0,1 A 0.25 0.02
. ) DR 0.60 0.06
Social-Economic 0,1 DS 0.40 0.04
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After weight calculation with AHP, TOPSIS
technique is applied to be able to determine crop
suitability. The TOPSIS technique aims to determine
the distances from selected alternative to negative
and positive ideal solutions. The selected alternative
should have the shortest distance from the positive
ideal solution and the longest from the negative ideal
solution. The respective distances to positive and
negative ideal solutions are defined as a similarity
index (Hwang and Yoon 1981). In crop suitability
analysis, S1 is considered to be ideal pointand the N2
is the negative ideal point for each crop.

The TOPSIS evaluation matrix includes 63 LMU
and related rankings in 0-30, 30-60, 60-120 cm
depth for 12 criteria which are included in 4 main
criteria. The ranking values for each criterion are
defined between 1-9 considering the LMU values and
crop requirements (Table 1). The ranking values are
used to calculate R and V matrices via W3 weights
that calculated with AHP (Table 2). The positive ideal
solution A+ and the negative ideal solution A-, which
are the maximum and minimum values of the V
matrix, are calculated.

Based on the A+ and A- values, distance to
positive ideal solutions Di* and distance to negative
ideal solution Di- values are calculated for each LMU.
Finally, relative closeness to ideal solution Ci* values
are calculated (Table 4) to determine the land
suitability ranking definition. The Ci* values are
classified as follows;

Ci* > 0.8: Highly Suitable (S1),

0.8 > Ci* > 0.65: Moderately Suitable (52),

0.65 > Ci* > 0.50: Slightly Suitable (S3),

0.50 > Ci* > 0.40: Moderately not Suitable (N1),
Ci* <0.40: None Suitable (N2).

Table 4. Distances from positive and negative ideal
solutions

LMU Di* Di- Ci" Classification
1(0-30) 0.007 0.033 0.82571 S2
1 (30-60) 0.019 0.022 0.53753 S3
1 (60-120) 0.023 0.021 0.48719 N1
2(0-30) 0.013 0.031 0.70879 S2
2 (30-60) 0.018 0.018 0.50375 S3
2 (60-120) 0.010 0.032 0.76626 S2
63 (0-30) 0.008 0.030 0.79496 S2
63 3060y 0.038 0.016 0.29240 N2
63 (60-1200 0.040 0.007 0.14884 N2

3. RESULTS and DISCUSSION

The suitability index maps are produced
according to the 0-30, 30-60 and 60-120 cm depths
of LMU’s respectively. The suitability index maps are
generated by using Ci* values which are calculated by
TOPSIS method.

69

Because corn and wheat requirements are quite
similar to each other, suitability maps can be
investigated together. Wheat and corn are the most
widely grown crops in the study area. Addition to
this, there are a considerable amount of parcel which
has high suitability for wheat and corn. Especially the
north of the study area has very high suitability with
0.838 for corn and 0.860 for wheat. The parcels that
have very low suitability are quite a few due to the
slightly alkaline soils, high salinity and very low
permeability values. The lowest suitability index
values for corn is 0.14 and for wheat 0.18. The
general suitability of the area is calculated 59 % for
corn and 46 % for wheat including S1, S2 and S3.

The clover and sugar beet crop needs high
values of boron. However, the boron values of the
area are not sufficient for these crops. Addition to
this, clover needs moderately alkaline soils, thus,
slightly alkaline soils affect the growth respectively.
The S1 is not included in the study area for clover
and the 5 % of the study area have very low
suitability. The sugar beet suitability index is varied
from 0.85 to 0.16 and clover 0.73 to 0.29. The
suitability index maps for clover, wheat, sugar beet
and clover are given in Figure 3, 4, 5 and 6.

The suitability ranking (S1, S2, S3, N1 and N2)
rates are compared according to the 63 LMU of the
study area. The S1,S2 and S3 are assigned as suitable
areas and N1, N2 as unsuitable. According to this, 59
% of the study area have suitability for corn, 43 % for
sugar beet, 76 % for clover and 46 % for wheat for 0-
30 cm depth. The comparisons of the suitability
rankings are given in Table 5 and 6.

The suitability ranking rates are compared
according to the 2382 parcels. The highest value of
the S1is 22 for sugar beet. Considering the S1, S2 and
S3 are suitable rankings, 1481 parcels for corn, 1457
parcels for wheat, 2027 parcels for clover and 1127
parcels for sugar beet are suitable. In other words,
1000,22 ha for corn, 985,5 ha for wheat, 1285,71 ha
for clover and 764,16 ha of the total 1524,47 ha study
area for sugar beet are suitable. The comparisons of
the parcel counts are given in Table 6.

Validating suitability maps can only be possible
with crop statistics of the study area. Thus, 2016
parcel based crop records are retrieved from
Republic Of Turkey Ministry Of Food, Agriculture
and Livestock Seydisehir Directorates with using
farmer registration system database. As shown in
Figure 7, wheat is the most widely grown crop in
study area with 80.5% rate of total crop. However,
habits, agricultural incentives and continuously
changing prices are more decisive factors than
suitability. Due to this, crop records may not reflect
agricultural lands suitability.



International Journal of Engineering and Geosciences- 2021; 6(2); 64-73

.
5
=71 »2 =
o X =a ° % . s
Parvete e— Kaometors Parcete

— ) Kbometers

Figure 3. Wheat suitability maps for ‘O-}30 cm, 30-60 cm and 60-120 cm
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Figure 5. Clover Suitability maps for .0-30cm, 30-60cm and 60-120cm
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Table 5. Comparisons of the 63 LMU

Class Corn Corn Corn S.Beet S.Beet S.Beet Clover Clover Clover Wheat Wheat Wheat
30 cm 60 cm 120 cm 30 cm 60 cm 120 cm 30 cm 60 cm 120 cm 30 cm 60 cm 120cm
S1 7 5 5 4 0 0 0 0 0 6 3 3
S2 30 16 16 21 7 1 15 2 2 9 13 13
S3 0 10 10 2 13 10 33 21 4 14 12 12
N1 12 12 12 12 7 4 12 18 15 15 13 13
N2 14 20 20 24 36 48 3 22 42 19 22 22
Table 6. Parcel count comparisons of suitability classes
Class Corn Corn Corn S.Beet S.Beet S.Beet Clover Clover Clover Wheat Wheat Wheat
30cm 60cm 120cm 30 em 60 cm 120cm 30 em 60cm  120cm 30 60 cm 120 cm
S1 19 8 9 21 0 0 0 0 0 22 7 9
S2 585 348 56 533 55 2 270 1 4 580 255 56
S3 877 743 374 573 490 98 1757 736 124 855 775 367
N1 659 776 619 770 598 295 317 985 874 664 888 545
N2 238 503 1320 481 1235 1983 34 656 1376 257 453 1401

Gevrekli Crops
2016
No crop
| Barley
Wheat
. Vetch
N Poppy
I Potato
Clever
Sugar Beet

= m 5 L

1 Kilometers !

o 0.5 1

Figure 7. Crop Map of the Gevrekli
4. CONCLUSION

Although determining the crop suitability is a
very complex study from planning to the establishing
stage, the integration of AHP, TOPSIS and GIS
functions provide an effective platform to determine
the suitability. In this context, the most important
factors are the criteria selection and data
preparation for the study area. Firstly, the decision
makers must decide the priorities of crops. Then, the
weights of the criteria can be easily modified with
the AHP according to the priorities. Although 12
criteria are used in this study, several criteria can be
added such as; meteorological and irrigation.
Because the parcels are included in a completed land
consolidation project area, all the parcels have an
irrigation canal. Meteorological parameters should
be observed such as; humidity, soil temperature,
wind, wind direction and the minimum and
maximum temperature. However, there aren’t any
distinctive topographical features that
meteorological observations can change. Addition to
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this, these parameters should be included in AHP and
TOPSIS. Thus, more realistic crop suitability can be
determined by enlarging the scope of the land
facilities. Another important issue in this scope is the
data collection and accuracy. Because there are 63
LMU in the study area, the accuracy of the suitability
decreased relatively. While 63 LMU are enough to
decide, higher LMU will be better to determine the
suitability accurately.

The comparison of the determined suitable
crops and grown crops should be evaluated each
year. The suitability results can easily integrate with
farmer registration systems or sustainable
agricultural management systems. Thus, the
consistency of the study and comparisons can be
investigated together with irrigation, fertilization
and pest control to improve the crop yields.

Although recent studies based on AHP method
(Hayashi 2000; Prakash 2003; Sadok et al. 2008;
Thapa and Murayama 2008; Chen et al. 2010;
Ramirez-Garcia et al. 2015), this study introduced
TOPSIS method via AHP weight calculation for crop
suitability analysis. Moreover, wheat, corn, clover
and sugar beet crops were examined in this study
which are the main crop cover of the study area.
However, (Roudeillac et al. 1997; Diaby et al. 2010;
Ceballos-Silva A & Lopez-Blanco 2003a; Ceballos-
Silva and Lopez-Blanco, 2003b; Chuong 2007; Li et
al. 2011; Chavez et al. 2012; Dinh and Duc 2012;
Elaalem 2013; Srdjevic et al. 2014; Cobuloglu and
Buyuktahtakin 2015; Kazemi et al. 2016) studied on
a special crop type. Thus, this study and method can
be applied to a large amount of agricultural lands
which crop cover is similar to the study area. This
can lead more comprehensive approach for crop
management and planning by examining all crops in
a study area.

This study also guide to the local authorities as
like province agricultural directorates for planning
and deciding agricultural incentives. In recent status,
directorates are giving incentives to farmers to
increase the yield and decrease the expenditures of
agricultural activities. However, the suitability of
crops are not examining in this stage. Additionally,
for rural development, farmers are encouraged for
different crop types to provide new economic field.
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Instead of this, determining suitability of all crop
types in valuable agricultural lands and deciding
crop cover could increase the yield and economic
income. Moreover, insufficient irrigation resources
can be managed more effectively. For instance, crop
types which need less water resources can be
decided both considering the suitability and protect
the water resources. Nowadays, Konya Karapinar
district has been threatened by sinkholes due to the
excessive irrigation demand of sugar beet, corn and
sunflower crops, which need water mostly.
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