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Figure 1. Study area, lands units and sampling point.
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Table 1. Likert scale number.

sl Sk ol oS ool L g Cal L ool b L el LYl
Unimportant ' Little 'Sllghtly Moderately Important ' Very Absolut'ely
important important important important Essential
1 2 3 4 5 6 7

S= Z?:l(Ri - Rave)z M

(ol S w by e sla0ss slaw Rj ol s &
9 LAuf}u sl N aasy slaws L Ol sls slus m
Rave Y by 3 ool 55500 LB Y adaly 51 55 S
VK;A obie ol Dl ol Sy o Sle
LS sy by 5s 5 Ky Jels Seales
Sl o bl Soales
Slaesls asls 5 s 5 ey ol avls 31 dny
S eSSk bShs Ol 4 by
(o mla Vov B v wls s dals slag S
¢l Matlab i3l 5 s Lol pslie g3lus

Y N - - . -
(MF) s coypas mb b Cosae e s

2- Candle

yy

GOl Olspe) 5 ooy Olge cpn 5 laen

ST\ VU VRGN B GV L GG [ PR W P
St el b eslimad (F 5 ) sladlady) IS
O35 4wd ool o Sl g 5 (Salas a3 ot
Ll Ll 5 il S Sps N 4 by
J\Mmegv\{b&\)}m’é\ﬁw@d\ e
Jus Kabes o, ol ozl LG Olls
Cooal il 1) dgie ko oS (g3l 31 das o OIS
L el laslns lal b (les S 5 e ol
S badlsie 5l S Coenl o5l slas ol

(V) .,\..:)\J J]a_: éw‘ )iim Lj)ui\)\} .,\..:\ebﬁ

12s
W= m2(n3-n) )

1- Kendall



Yoo (V) o )lond (1Y) Wl Jlasly Wgi g ST o pito g pulid

Sl s oIS e 5 ool Y2VAD
OhlSes 5 pmle bug odd 4l Gl
YO L NY/0 bzl VY0 b v e (V44)D)
(Sl s 0 LYo ANl LB bl
wtﬂ%lsva L;‘Yl{;wuﬁt:..m;\/o L oo
(8Y) As jasis

sl 4 5L L) s A5 L5l sl
oo 3l ekl b &S WAk e Jsazme Jonily A5
NPy <=t§ BERNCADRN-EPWHE RS VAV
My cppfel desn Mdon WS
el =l S el s c.);f Sl
Sty Bl e S5 aas Gl Jl Sl )
b s 3,k A8 s (5580 Jol
53 kS gl 3l e e V) S L R
A ool pransd SIS @ L3, d ey Jl
33 5 o OIS S lon s Sl M5
ol wlyl glaaly eluly 55 A4S gl WS
Loy (0Y) s (V44YD) O 5 ol Lau g
S S S el gt WP pslie 4 e g
Ao S Lasia Lol cls

T e el el Sl S sl
Lol cnls Gl wandllae 5550 (o504
3 e Arc Map 10.3 ARl Sl eslanal
s Lol e sleal b a5 ale slade
Pl Mg o S as OF) adews Cy pde ot
oo ol dule LB ol oo e I8
S i) sl a8 Jhe i lzel (23 S
o e S sy ) e ape b
Ll e s eddedalin W g 5 Sl jasls
(S S5 s ) i o oy b S
b Sloye Ske wi) S o 505
(GMER) s s s 2 S5ks 5 RMSE)
A5 il el 5 e dodalin A5 oy

At

Y d= b)) b a e b5 Y el b
K Copae 4 (d) JUsl ssus 5 (b2)
LS5 om sl OF 4 oS 2 ploil L S5

(88) cl (03A) bl 4 R

1
MFX= b 2 X<b1
X —
[+ ()|
MFX= 1 b1<X<b2 (V)
1
MFX= X>b2

b oS 5l Bl ele em gl
el a Shs o) () slal 4 WL Lo
sl & RL L S il b (055 SOl
b S 0l Gl s b absal (S5 A) (0xA)
S wd oslinal ¢ daly b (sl cls IS 0
el (0%)) slal &5 St L oels o 5l O 4
[St]=[W] o [R] ¢)

LD o) arls Jsam sl day o8 o
b S A pbl i o ST s 4 silessl
A 2 el 2l Sl obe e O
(EB)) L= ole 5 (05,5 Jb ) dd esls 13 S
e Gl IS glapatls b e s S S
L3S s 0 daly ululy (A)) ol cls
KCUPAD)
Ll = Y Ej X Aj (o)

&S il S Bl el CS S



OySed 9 (Jowy | pmons

ab Lol 5l 3,5 A (05 st o S
5 5 Jes bl ikl s s s
(Y Jsde) s g 108 5500 5 ol oS
& Ui 5 o fotn ol sl slas 556 o o
23 el s sl el s w1 O3y o e
e seon s S Sk ple S 0p J
LS Slos sba0ss F dsdr 5o ol 5l 5550 A
EF s Al bl slayss Sl i Aol
YA XL D) i el mle 5 00V 85t
Glaiss 5 obal l Cows sdSaul (8T
Ol e o J.<3: Sy Alea abge
S Cl &8l 4 ar g s )50 sla,eSU
G s 5 ol Gl s s (S
Bl S e sy dalst line lay sl
55 LSt de Coeal @ oar g LS s OB 2
St 3 e e 6 s g

T T ey

oy g

sl b pbdsw sl 5 bad s 3l
sl KLl 5 S« SeS aais
Shls &8 ks alllas 5,50 ailete js ol plulis
S Sy S Aoy (K b S slacsl
Lol bs 281y o Yo b el
Sl oS e G U s Conss
E/E 6 A Dslae dS Sl S OYA G b
U 8l YEMA LV Susls Jals o b s ps

b e Ao VE BTNV ESP 50 SolS L
IS S U R P P SO P Coot RS
& eS8 s L3l s s sla, S i 58
V4 Ol 5l &S @38 s O kbl
(SR il i el L) Sl S5
(b e S S Gas L (S Jee
oSS T sle PH a0 S

Colds Ol (S cd b Guls dsls
ol A5 (sl 2 s S 055 - s
Table 2. Weight of land characteristics for irrigated wheat.
) Sl o S el Jalas s by S T’"’" el S
Gypsum . EC . o Slope . .
%) Flooding (s m') Drainage  Texture CCE (%) (%) Climate Properties
0.121 0.235 0.312 0.361 0.395 0.426 0.514 0.693 >
Wheight
odd de i 03
0.04 0.077 0.102 0.118 0.129 0.139 0.168 0.227

Normalized Wheight
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Table 3. Mean of land characteristics for suitability evaluation.

& Jiloo ol Sl S 2S5 Sk S5 o il =
Gypsum (%) CCE (%) Drainage Flooding* EC (dS.m™) Slope (%) Texture Profile
11.12 22.64 Partly-well FO 2.65 3 Loam 1
9.43 20.07 Partly-well F2 1.89 5 Loam 2
10.60 24.45 Partly-well F2 2.14 4 Loam 3
7.70 28.38 well F1 4.05 2 Clay 4
0.85 28.25 well FO 1.22 4 Clay loam 5
0.92 31.18 well FO 1.90 3 Clay loam 6
0.59 31.19 well F1 2.37 2 Clay loam 7
1.73 28.04 well FO 1.51 6 Loam 8
0 19.95 well F1 1.02 3 Silty clay loam 9
0 20.21 well FO 1.13 2 Loam 10
0 23.55 well FO 2.33 3 Loam 11
0 14.39 well F1 0.76 4 Sandy loam 12

Lo g F2 (S F1 36 FO (S o o FE
*F: Flooding hazard: FO: No, F1: Slight, F2: medium

'f'”f Jeeily A 5 amlon (gl 0kl eslial (gl e -8 J g

Table 4. Variable used for calculate potential production of wheat.

polie La 2l lie /oo La 2l
259 030 o Sagb, Ao S o5
HiumidityPercentage of Utilization Type Wheat Utilization Type
45 S gl pal ¢ S g 03,5
Leaf Area Index (m*/m?) Photosynthesis Groups
Sy arls
04 e 0.95 KALI
Harvest Index
217.8 Bo 235.8 (kgcnzo/ha.hr) Bgm
419.6 Be 0.0027 C,
°C) s N9, <o RS
0.438 . 135 (0w S il Sl s o e
Mean Temperature of Growin Cycle
K Zarymatter/daY) i 535 & SNE
0.0108 30 30 (ko 02Y) 52 53 8 e 55
Maximum Photosenthesis Rate
L Ay w5
6230 Jily 5 2500 sl M5 1
Potential production (kg ha™) Marginal Yield (kg ha™)

GUSa 3 0 FAS) ol pd (51 (A (211 s Sla IS 03 5ukme =0 J sk
Table 5. Range of quantitative land sytability classes for irrigated wheat.

N s3 $2 S SIS e
Land Utilization Type
<2250 2250-3500 3500-4673 4673<
Irrigated Wheat
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Table 6. Final suitability matrix of land and soil indexes.

S el el el ol A=l

Soil index Land index Land unit
E=[0.06, 0.1, 0.18, 0.55,0.11] E=[0.07, 0.11, 0.16, 0.6, 0.06] vo1
E=[0.05, 0.13, 0.5, 0.25, 0.07] E=[0.08, 0.13, 0.47, 0.26, 0.06] Uo02
E=[0.01, 0.08, 0.14, 0.64, 0.13] E=[0.01, 0.09, 0.16, 0.61, 0.13] o3
E=[0, 0.05, 0.07, 0.66, 0.22] E=[0.01, 0.04, 0.1, 0.63, 0.22] o4
E=[0, 0.02, 0.05, 0.54, 0.39] E=[0, 0.02, 0.08, 0.53, 0.37] Uo0s5
E=[0.01, 0.03, 0.05, 0.38, 0.53] E=[0.02, 0.03, 0.07, 0.36, 0.52] Uo06
E=[0.01, 0.01, 0.09, 0.28, 0.61] E=[0.01, 0.01, 0.11, 0.29, 0.58] o7
E=[0.06, 0.13, 0.42, 0.24, 0.15] E=[0.07, 0.14, 0.42, 0.24, 0.13] Uo8
E=[0.01, 0.07, 0.08, 0.5, 0.34] E=[0.04, 0.04, 0.1, 0.49, 0.33] U09
E=[0, 0, 0.02, 0.11, 0.87] E=[0, 0, 0.02, 0.16, 0.82] U10
E=[0, 0, 0.01, 0.05, 0.94] E=[0, 0, 0.01, 0.1, 0.89] Ull
E=[0.01, 0.04, 0.25, 0.44, 0.26] E=[0.02, 0.06, 0.24, 0.43, 0.25] Ul12

3L e el 4 o e 5IST 82 83 INT N2 (sla oS wp byl dls OF olgh el 35 Ol oo 4 bogo o ba s 5o glaayl )

The matrixes elements refered to rate of final suitability of land units to classes of S1, S2, S3, N1, N2 respectively.

ol A5 (1 2 s (S 5 AS S WS -V g
Table 7. Qualitative and quantitative land suitability classes for irrigated wheat.

T s cmases oY s U0 s
s Quantitative Qualitative 12/?21131 Predicted %/ield Sl.} s2bl 2!
Marili(gizxment suitability class suitability class (ke ha™) (kgha™) ir?((i)cl:lx Land index I:;::S
0.65 S3 S2 2150 3302 53 51.3 uo1
0.68 S3 S3 1830 2697 433 42.1 uo2
0.68 S2 S2 2450 3626 58.2 57.3 uo3
0.78 S2 S2 3100 3993 64.1 63.2 uo4
0.77 S2 S2 3370 4367 70.1 68.9 uos
0.78 S2 S2 3550 4523 72.6 71.3 uo6
0.81 S2 S2 3770 4641 74.5 73.3 uo7
0.76 S3 S3 2220 2909 46.7 452 uos
0.70 S2 S2 2860 4074 65.4 64.3 uo09
0.75 S1 S1 3920 5220 83.8 82.6 ul10
0.74 S1 S1 3930 5339 85.7 84.5 Ull
0.86 S2 S2 3220 3763 60.4 59.0 ul2
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Figure 2. Regresion relation of the observed yield with A) the land index and B) the predicted yield in
ualitative and quantitative suitability evaluation respectively for the irrigated wheat in the study area.
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Abstract

Background and Objectives: Land suitability evaluation is one of basic efforts to sustainable
managements of any region. Shortcomings in traditional land suitability evaluation assessments
have drawn the attention of this field users to use of artificial intelligence and multi-criteria
decision making methods. Subsystems of mentioned methods alone or in the combination with
each other were used to increase accuracy of evaluation, simplify of calculations and
achievement of useful side results. Fuzzy-Delphi approach is one of discussed methods that in
this study, its efficiency has been measured behind investigating of Horand region potential for
irrigated wheat production.

Materials and Methods: In this study, 662 ha of lands in Horand region were selected in the
form of 12 land units and after completing the climate, landscape and soil database, the
Fuzzy-Delphi method was applied to qualitative and quantitative land suitability evaluation of
irrigated wheat. The qualitative evaluation was done by land index determination and the
quantitative one was completed based on predicted yield which calculated by combination of
archived potential yield from Agro-ecologic method with soil index. In this regard, the Delphi
method was used to select and determine weights of the factors which are involved in the
evaluation based on the experts’ opinion and were validated by Kendall coefficient. The
properties matrix which obtained from fuzzyization of land properties with kandel membership
function were combined with weight matrix and leads to suitability matrix. The suitability
zoning of the study area were identified according to suitability classes which were determined
based on resulted soil and land index from defuzzification of suitability matrix with triangle
Tnorm way. Validation of Fuzzy-Delphi method was done by conventional statistical tests.

Results: According to experts’ opinion, the 8 properties (Climate, slope, texture, calcium
carbonate equivalent, gypsum, EC, drainage and flooding) of studied lands with Entisols and
Inceptisols, were selected for land suitability evaluation that climate and gypsum have had
maximum and minimum weight respectively, that its accuracy was confirmed by an
incompatibility rate of 0.07. The conformed suitability evaluation showed S1 to S3 classes by
qualitative and quantitative methods for irrigated wheat utilization type with limitation of slope,
salinity, texture and gypsum. Difference of land units classes in qualitative and quantitative
methods was seen only in one land unit which quantitative one take lower class. According to
mean management index of 0.73, the middle management level was estimated for region.
Chi-square value of 1.32, r* 0.91, RMSE 2.1% and GMER 1.34 obtained in the validation of
Fuzzy-Delphi method.

* Corresponding Author; Email: hosseinrezaei@tabrizu.ac.ir
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Conclusion: Applying main agricultural lands users opinions in selecting and valuating land
suitability evaluation parameters, combination of characterize weight with their rating and also
considering intermediate classes, identified as the main advantages of the studied model over
traditional methods that introduced the fuzzy-Delphi approach as an efficient method based on
estimation of the land potential. The reliability of mentioned approach was confirmed by
checked statistical accuracy and validity although with little over estimation. Beside main
finding of this research work, coordination of qualitative and quantitative suitability evaluation
with discussed approach, possibility of ranking the land limitation remove by sub data and also,
pay attention to the land suitability class along with the management index for future land
management planning are the cases that can be useful for researchers and executive experts.
However, in order to find other capabilities of the model and recommending its use at the wide
level, it is suggested to run this new model in different areas for various utilization types.

Keywords: Agro-ecological zoning, Horand, Land suitability, Multi-criteria decision making
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