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2- Fuzzy Sets
3- Fuzzy membership functions (MFs) 1- Boolean mapping
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3- Plateaux
4- Piedmont Alluvial plains
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1- Multi-Criteria decision methods
2- Analytical Hierarchy Processes (AHP)
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Figure 1. Location of study area.
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Figure 2. Hierarchical organization of the land characteristics for irrigated Chickpea production.
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Figure 3. The Fuzzy Membership function models: (A) asymmetrical left model; (B) asymmetrical right

model; (C) symmetrical model.
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Table 1. Pairwise comparisons scale (from Saaty 1980).

Definition
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Intensity of Importance

Equal importance |, Cenl
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Equal to moderate importance law sio U il 5 Coonl )
Moderate importance law sio "ol 3

Moderate to strong importance ;5 U laws sio Cool 4
Strong importance (s 5 Coonl 5

Strong to very strong importance (s A= U (555 Coenl 6
Very strong importance 55 L= Cooal 7

Very to extremely strong importance (¢ 5 odia U PRGNV 8
Extreme importance (s Codia Cuenl 9
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Table 2. Statistical characteristics of used land properties for land suitability evaluation for irrigated chickpea.

Standard Ol s o 2 Al JERES oSSk b S5
deviation CV max min Mean Properties
p
3.1 12.9 32.1 19.2 25.4 o et 1
CEC’ (meq 100g soil ™)
Skt =S
0.2 1.2 8.2 7 7.7 s
pH
. T | P
25 5.6 245 18.9 207 o e “5;*‘&‘ =
AHWC? (%)
6.6 22 43 21 35.3 i
Clay (%)
e
72 32 48 16 312 :
Silt (%)
9.1 43 57 14 33.5 o
Sand (%)
9.9 17 2 5 53 o N
Surface gravel (%)
S g
15.7 43 143 93 114 o
Soil depth (cm)
L
22 6.6 122 5.6 6.4 P e A2
ESP? (%)
S cslaa
1.1 46 5.7 1.1 2.9 @”*fJ g
EC* (dS m™)
23 1.3 12.4 1.1 7.5 .
Infiltration rate (mm hr™")
0.8 5 5 0 12 =
Slop (%)
ol
2.8 20.9 25.5 4.6 9.7 5 o4
CaCO; (%)
T -] L‘
0.29 1.8 25 0.7 | S . >
OM° (%)

1-Cation Exchange Capacity, 2-Available water holding capacity, 3-Exchangble Sodium Percentage, 4-Electricl

conductivity, 5-Organic matter.
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Table 3. The effective weights for irrigated chickpea production.

slukal glaoss lads o s S5 Skl ladss ladrss o s S5
Standard weights ~ Weights Land properties Standard weights ~ Weights Land properties
s osb
0.071 0.101 o 0.078 0.111 ’
Slop (%) Texture
?Ja..u 0} M/‘ VMAJS ol
0.067 0.095 > 0.100 0.143 ) 4
Surface gravel (%) CaCOs (%)
S s S slS dals e b
0.075 0.107 S 0.125 0.179 SR Pl b
pH CEC (meq 100g soil™)
i< Sl x
0.057 0.081 i 0.061 0.087 o
Drainage Soil depth (cm)
il S gl
0.036 0.051 Sl 0.054 0.077 e -
Organic matter (%) EC(dSm™)
0.113 0.161 e > 2 S 2 0.048 0.069 S e b2
Available holding water capacity (%) ESP (%)
S ol A3ed s
0.055 0.079 S 0.060 0.086 Gss =
Soil erosion Infiltration rate (mm hr™")
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1- Joint membership function
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Figure 5. Actual production of study area for irrigated Chickpea in study area.
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Figure 4. Land suitability evaluation degree for irrigated Chickpea in study area.
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Table 4. Comparison of observed yield and FAHP method results for irrigated Chickpea.

ECPRAR S5 Sl pddes Los auT s s,
Observed yield FAHP method
o ’ < ’ Suitability classes
Extension of classes Extension of classes
ha % ha %
25 5 12 2.4 0.2-0.3
34 6.8 24 4.8 0.3-0.4
51 10.2 41 8.2 0.4-0.5
101.5 20.3 71 14.2 0.5-0.6
270 53.4 311 62.2 0.6-0.7
22.5 4.5 42 8.4 0.7-0.8
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Abstract

Background and Objectives: The FAO framework for land suitability evaluation is the most commonly
used and is based on the biophysical properties and socioeconomic parameters of lands. The FAO
framework for land suitability and soil mapping application a Boolean approach that has been criticized by
some of authors. Because the Boolean representations ignore the continuous nature of soil and uncertainties
in measurement. Also for overcoming problems related to vagueness in definition and other uncertainties,
Fuzzy set methodologies have been proposed. Analytical Hierarchy Process (AHP) calculates the needed
weighting factors with the help of a preference matrix where all identified relevant criteria are compared
against each other with reproducible preference factors. Finally the derivation of suitability using Fuzzy
AHP method was not just based on the fuzzy membership function values, but also the weighting values
allocated to any criterion. This article uses of Fuzzy—AHP methods to land suitability evaluation. The
method were evaluated application a case study which model the opportunities for chickpea production
under irrigation conditions in the Hashtrood region in East Azarbaijan province, IRAN.

Materials and Methods: Soil morphological and analytical data were obtained from 29 sampling profile
on Chickpea farms. Then a number of relevant soil and landscape criteria were identified through the
literature and their weights specified as a result of discussions with local experts. For land suitability
evaluation by FAHP approach, First hierarchical structure employed, Second asymmetric and symmetric
models were used for land characteristics, Third Weighting the model criteria provides relative measures
of the interaction and importance of the criteria. The weights were obtained through a pairwise
comparison analysis in an AHP approach in discussion with local experts, Fifth the weighted criterion
layers are generated using the relative function, Finally The suitability is calculated by combining the
weighted criterion layers. For assessing of accuracy of modeling, has been used matching of between
suitability and actual production maps.

Results: The results indicated that cation exchange capacity (0.179), available-water-holding capacity
(0.161) and soil calcium carbonate (0.143) have higher weights than other criteria and therefore they are
considered as the most significant criteria in the study area. The results of the Fuzzy AHP approaches
showed that no locations in the study area were mapped with a degree of suitability equal to 1. In this
model, a number of locations in specific criteria were given MFs of 1 due to the strength of support they
offered in the overall assessment of chickpea suitability. However, the derivation of the overall suitability
using the Fuzzy AHP approach was not only based on the fuzzy membership function values but also the
weighting values allocated to each criterion. The results of the Fuzzy AHP showed that the majority of
the study area has membership values to the set of suitability between 0.6 and 0.7. Agreement between
land suitability and actual map is 76.7; also this model has been presented good result for land suitability
of chickpea in study region. The results of this work provide information to decision-makers in their land
planning decisions and further work should develop trial plots to ground truth the suitability measures.
Conclusion: Fuzzy AHP approaches accommodate the continuous nature of some soil properties and
produce more intuitive distributions of land Suitability Indexes.
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