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decades, determining land suitability is a vital step toward sustainable
agriculture and environmental preservation. Alfalfa is one of the most
important forage crops in the world, playing a vital role in providing livestock
feed and supporting the development of the livestock industry. This crop has
a special place in crop rotation due to its high production potential, excellent
nutritional value, and positive role in improving soil structure. However, to
sustainably increase yield and prevent soil quality decline, it is essential to pay
attention to optimal land management. Considering the strategic importance
of alfalfa cultivation, the necessity of land suitability assessment studies for
sustainable exploitation of soil resources, and the research gap in the study
area in the field of applying advanced decision-making models, this study
aims to determine the suitability of land units under sprinkler irrigation,
identify susceptible and limiting areas, and finally, compare the efficiency of
the multi-criteria ELECTRE TRI method and the parametric square root
method in a part of the lands of the Moghan Plain.

Materials and Methods: The study area, with an area of 3930 ha, is a part of the

Dasht-e-Moghan, which is located between 47°43' to 47°50' E longitude and
39°24'10 39°28' N latitude. The average annual temperature and rainfall of the
region are 15.4 °C and 271.5 mm, respectively. The soil moisture regime was
aridic bordering on xeric, and the soil temperature regime was thermic. For
sampling, the study profiles were first gridded and surveyed at 500 m
intervals. A total of 160 profiles were dug, and samples were taken from their
different horizons. In total, 46 soil map units were separated at the regional
level. To achieve the suitability of land units, eight key attributes, including
soil depth, calcium carbonate, gypsum, pH, electrical conductivity,
exchangeable sodium percentage, slope, and climate, were selected using
Principal Component Analysis (PCA) and Euclidean distance. Criterion
weights were determined via a pairwise comparison matrix, and the thresholds
for the ELECTRE-TRI model were established based on the crop requirement
table. Subsequently, the parametric square root method and the multi-criteria
ELECTRE-TRI method were used for land suitability evaluation for alfalfa
cultivation.

Results: The results of land suitability assessment showed that, based on the

square root method, 11.61% of the land was classified in the S1 class, 63.5%
in the S2 class, 24.36% in the S3 class, and 0.52% in the N1 class. On the
other hand, the use of the ELECTRE TRI multi-criteria model for qualitative
assessment of land suitability showed that 26.79% of the land was in the S1
class, 60.74% in the S2 class, 12.39% in the S3 class, and 0.08% in the N1
class. Slope, soil depth, electrical conductivity, and exchangeable sodium
percentage are the most important characteristics limiting alfalfa growth in
the region. The ELECTRE-TRI model results were more consistent with field
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reality based on crop yield in units under alfalfa cultivation. Hotelling's Trace
and Wilks' Lambda multivariate tests confirmed the accuracy of class
discrimination in the ELECTRE-TRI method. Furthermore, the LSD test
revealed significant differences among soil properties across the land
suitability classes differentiated by this approach. Ultimately, the ELECTRE-
TRI method exhibited higher accuracy than the parametric square root
method for land suitability evaluation due to its appropriate determination of
transition boundaries, application of realistic thresholds, and use of fuzzy
logic principles.

Conclusion: From a practical perspective, the output maps provide planners of the
study area with an efficient decision-making tool for implementing smart and
spot-based management of inputs, including local amendment of saline-sodic
soils and monitoring of phosphorus dynamics. Moreover, by separating
inappropriate lands, this approach prevents the waste of investment in the
development of sprinkler irrigation systems in sensitive lands. In this regard,
operators and executive experts of the region are advised to prioritize
corrective measures such as adding manure fertilizers to improve the physical
condition of the soil, optimal use of phosphate fertilizers, and the use of
biological fertilizers in units facing limitations. Finally, exploring the
potential of other modern multi-criteria decision-making models, measuring
the dynamics of suitability boundaries under climate change scenarios, and
integrating this methodology with machine learning algorithms to predict
production potential on a large scale are among the most important research
needs for future studies.
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Figure 3. Location of the soil map units.



S BB, e Slaesle 53 S0, 1amS g ol St Anw s (gl Olhe ods bl 1 s s oL YOY

Table 2. The soil characteristics results in some of soil map units.

Solij'n”i:ap . EC(%) Eii(of’) Ava. P Ava. K %0C ACEC AWC Sg‘(‘){;{e ELE. Tri

s ext'ure Depth TN\_/ Gyps—um ORI ) pH SIope(i%) B yiud S8 iy oS Jols cud s B o cad 0 5 SII

adLiasly ey Gos  Sal = PO STy o g ?)

Sk S s o P o P el S PP p9> sl
1 sic 150 1423 385 436 9.94 7.28 1.46 33 307 1.98 50 16.9657 S2 s2
5 c 82 16.9 2.85 8.44 21.19 8.22 10.15 5.88 332 0.65 453 13.308 N1 s3
6 sic 150 1279 815 36 5.34 7.84 2.88 45 223 1.29 100 12.9288 S3 s2
7 c 150 1225 642 2.99 4.43 7.74 6.32 45 223 1.29 100 12.9288 s2 s2
8 sic 150 1508 9.1 475 7.04 7.77 11.01 45 223 1.29 100 12.9288 s3 s3
11 cL 150 1672 478 2.66 353 7.81 2.93 16.3 155 1.16 50 13.6398 ) s2
12 scL 150 125 344 3.89 5.16 8.11 6.83 16.3 155 1.16 50 13.6398 s3 s2
13 cL 150 1672 478 2.66 353 7.81 10.18 16.3 155 1.16 50 13.6398 S3 s3
14 c 150  6.95 377 2.79 10.92 7.81 111 24 285 114 67.35 13.1866 ) s1
15 c 150 1095 335 451 12.3 8.12 3.19 31 263 0.84 80.95 14.017 s3 s2
18 sic 150 1016 412 347 9.82 7.87 311 5.6 333 1.25 59.57 15.125 ) s2
19 sic 150 1346 353 2.33 6.59 7.63 6.09 56 333 1.25 59.57 15.125 s2 s2
21 sic 80 148 5.2 47 136 7.85 19.9 56 333 1.25 59.57 15.125 N1 N1
22 cL 150 48 3.29 35 7.05 7.76 14 538 223 1.03 66.67 13.2541 ) s1
25 sicL 85 1214 375 19 277 7.36 3.23 4 328 1.64 51.02 12.9295 s2 s1
26 c 70 1418 14 1.49 2.87 7.79 6.3 4 328 1.64 51.02 12.9295 ) s2
27 sicL 85 1214 375 19 2.77 7.36 9.82 4 328 1.64 51.02 12.9295 S3 s3
31 sicL 150 1276 594 435 10.16 7.58 2.98 2.7 405 0.96 53.49 16.335 s2 s2
38 cL 76 9.73 2.92 267 1.61 7.54 335 552 280 1.25 69.77 12.622 ) s1
41 sicL 150 1282 7.9 1.92 1.44 7.64 2.64 10.7 332 1.68 69.56 19.8588 s2 s2
42 c 150 1394 586 3.02 227 7.62 6.2 10.7 332 1.68 69.56 19.8588 s2 s2
46 sic 60 1575 131 3.07 4.85 7.83 10.94 48 320 038 70 12.3305 s3 s3

ol 005 dpnloms &S5 gols sl Ges 13 S5 culps Jlosl b Jgdo )3 SB Slusguas polis
The soil characteristics values in the table were calculated by applying weighting factors across equal depth intervals of the soil profile.
sl 008 30l 5l el sl 13 (35 g5 g S ol Slusgas o Glayd b g dlne w8l d0)3 ol paldl Slasguas
Climatic characteristics were calculated based on climate ratings and integrated with ratings of other attributes, including soil and topography, to derive the land index.
Ll o i doly )3 s lawgio g odel Cuwd 4 (31,5055 &Y I i Hlade
The slope value is derived from the topographic layer and represents the average slope within the map unit.
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Figure 4. Euclidean distance of the studied features relative to each other.

)l g SB s Sy 6l ol (BAGe 4 4525 - Jgs
Table 3. Results of principal component analysis for soil and land characteristics.

Comulaitive g0 (il ,lg

Component variance/adjo (il ylg Egen value/sjsq jlako Components/»ad)ao
variance/
2321 2321 2.76 PC1
36.81 13.60 1.66 PC2
50.07 13.26 1.57 PC3
61.38 1131 1.38 pC4
70.77 9.39 1.16 PC5

The values of the highest coefficient of each feature for the first to fifth components/ v, b Jol (sladdlse glp (Sig yo o pd oy yidas polio

Ava. K oC Ava. P climate slope TNV depth pH gypsum EC ESP AWC

0.356 0.405 0.416 0.458 0.521 0.532 0.646 0.658 0.679 0.795 0.806 0.834
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Table 4. Parameters used in the Electra method for alfalfa.

ESP EC

Soil

CIim:te Slopf pH‘ RV Calas Gyps’um ‘1\'/ depth u‘;_h
ol b RSy R S S & S Gos 09y Syl
0021 0291 0075 0.061 0.120 0146 0035 0251 Weights/ ;5"

20 5 8 14 4 4 15 75 Profilel/y L,
05 05 0005 0.07 0.005 0.015 0.01 7 Indifference sslés o st
threshold/
1 1 0.01 013 0.01 0.03 0.02 16 Preference c.ow| 4.
threshold/
- - - 021 - ; _ ) VEt0 culgis pic diliul
threshold/
15 8 8.2 28 8 10 22 50 Profile2/¥ sy
0.4 097 001 34 022 0.11 0.68 6 Indifference ssles o st
threshold/
0.8 194 002 6.81 0.44 0.22 1.36 14 Preference el 4.
threshold/
) ) ) 102 i i i ) VEto culgio pas ailil
threshold/
10 16 85 42 12 15 30 20 Profile3/s s,
0.3 17 0.14 10.4 1.78 1.84 468 5 Indifference ssles o st
threshold/
0.6 34 0.28 20.81 356 3.67 9.36 12 Preference .- | 4.
threshold/
; . ; 312 ) . ) ) VELO colpsie pie ko]
threshold/
7 25 8.7 45 16 20 35 15 Profiled/s s,
0.25 27 0.24 11.9 378 434 7.18 4 Indifference ssls.o <t
threshold/
05 55 0.48 2381 7.56 8.67 1436 10 Preference .- | 4.
threshold/

<[V Y s N2 9 N1 S3 :S2 S1 Cawlis (slav wMS (o 550 cad i 4 F g ¥ ¥ ) (glo Judg it ol Cowd dy +/+ 3V l59) dunlno )3 ()50 & e
*The compatibility rate obtained in calculating the weights was 0.017. **Profiles 1, 2, 3 and 4 are the boundaries between the S1, S2, S3,

N1 and N2 suitability classes, respectively. Landa: 0.917

sl (S (bl sl 615 0 pSUlojlnesiz Jae (625 S
g ol gl Bl ) s YEVA &S 5l s o))
Jao).) \Y/Y’A ¢ (SZ)JQ.«:W WLJ dl)b Ju.a).) ;’/V\c ¢(Sl)

2o o s Lol cwls byl 5l Jeols s

ol oS 53 Ll 5l o VVEY pgd didy g,y ol
buogie canls oM 5 3l 5l aopy SY/FR (S1) gt
Qo> <[ ¢ (S3) ol cawls JuMS 13 s yd YE/VE (S2)
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Figure 5. Land suitability map using the square root method for alfalfa cultivation.
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Figure 6. Land suitability map using the ELECTRE TRI method for alfalfa cultivation.

Ol 3 2l 5 SB Gla SRy (2Ske aulie
SO Jgio) 5 1y 08U gy 4 0258855 sla WIS
Qo yuxio g oo dinMo & job lon fCuwl ol
saddy WS oled jd oS plate HeS oy 5 gallS
S o @ e 3 )l ine BT 3929 pie 390
AL s ddlaio )0 4oyl 0gr jun b gl 4 walise
Gl Slalllas 6dg00m0 S sdas 35 (25 odimd lis
5 &5 2o YO 3 i b) (5 ol s )
Wlawloee )3 &S Wyl jauas (o lw Yo il Liw cuobus
Ol s s jglas g osd Bld Lol B claayY
aihie (5 SK (pl poogdle Wloss SB Lbo os
238 I a3y 9 Vb g9 b Bsae adlls 300
i estio Bl b slaysSh 1Sk &S (g)sb & flolyen
Al iol8l g bze job 4y N1 Cuows 4y ST ks oS
(5 Jase) cunl
(PL i 2o)d 5 5)9d «SB Ges ud
dibaio gaw > dxig A5) oAl dgae o Shy (ke
2 8) i o g Sl pg o b U by p A
Jole cn ol fauyoo 203 N D90 4 bassly (S
(SB cwlio 3o 2929 LYY aly 50wl o)) Codgase
Codgasme Lol Jole ol oas N1 ol)) cals oS
i Dgdome B b slb Sho sl 0dg b Hlide
Wiy CulS (gl ol a2 > S8 o YU ()50 5 JolS

SaygSL Jdod g opiiens  (w,lis]
LXVCEPRE Y
b i gl oSl by @l &Sl & g b
ool oy & domigy cutS cod gladsly 3 (Sl cundly
SEE <8 byl polateas cplply wwudly Billa 3 )Slas
olly s ysesl (og) ol 3 (ol sl slo oS
3509y ol Ll (L2l g SB o Sy 69y 0 piiteria
S SSE slas bl e 5o ol 5l e )bl
Cons o Davatgar et al., 2012) S gjodols
Esfandiarpoor Borujeni et al., ) Sk ais slasly
Y guaen (6l 00 SSE o) cunlis (sla oIS 4 (2010
Seyedmohammadi et al., 2019; Seyedmohammadi )
bl ol ord 48,5 Sy uidse b (and Navidi, 2025
b iy 4 oSy glaeY 5 Sibile opitodin (slagyo)]
VeY/A g V¥ lbas ool anyd g +/YY o VIVAA 9051 oLl
> gsel (5lbime S 4 &5 (0 Jg2) o ol
5 83 b ol (gl oM S5 (P<0.05) noy3 & (sllas
OMB 3959 Lo yol oyl & Canl a8 )T ploxl YL Como
s SB o sla Shs a5l cwls sl wMS Hle Y xe
A5 o 4 lagysajl ool ojlol ko ja .l 1))
oy Dyge slog S S > ol cdy ediadlis bl



YOV /Y o jlad / Fr dla / S sl tagh oo 4 5

D 5 ¥ slaasly 3 ohgd wload (ol slassly (ST 50
cuwls S il Lol Jole ESP 4 EC Jlpo jolis
4 e g8 byte zezd 55 ¥ UYY o Ve lassly )0 .Llodg
0db (S5 Cadgae dbml g Slpdady; Jhe Ges i
gy do g b aasly ool 13 paanlS Wl S jlade dx ST .l
Candg Jlai j11.0,S5 sbml Joae (slp (st cydgace Ll
Lol e (0135 393000 oy dizr ) Ll iy 29008 e slrdss
BFY 930 OF O slassly bl 4) o)) slassly ST
Coppdo dS it dlgo o yiwd DB jaud A5 39008 b (FY
Silocse ol 6land lodgS Bran 5 hud b ase
2 ygS osd 6 S0l polie Bubey woles jo

5 () o) oS Glagaiolls Joso b SB als slassly
SB slassly o a0t dSloe @ dogi b Sle sla o)y
iyl S 4 gl 0 xSl e a8 55 Jasuie cuiS cos
g il b IS @ assly (B ) canls XS it
P9 4 Comd (o) glaCuably b (3Ll 3Lkl (S1)
BB 55 Caddly o basly cpl & e o)b pey ddy,

it 455y Wby (gl okl slacudgize

(a=+/+0) (515 05891 (g, 35 Cuwlis (G WIS (o 0 puiloniy il 42525 S -0 Jgoa
Table 5. Results of multivariate analysis of variance between suitability classes in the ELECTRE TRI method

(0=0.05).
Sig. dfe dfy Value/ ol (i3, Test/ 9031
<0.0001 104 21 2.798 Hottling Trace
<0.0001 103.923 21 0.209 Wilks Lambda

LSD (9051 L 515 0,581 (g (o1, ol (G w5 5 1 jlixe (5sS5lko dunnilile —F Jgor
Table 6. Mean comparison of criteria in land suitability classes of the ELECTRE TRI method with the LSD test.

TNV(%0) Gypsum(%b) EC(dS m?) ESP (%) pH depth(cm) Slope(%0) Class
8.51° 3.41° 2.51¢ 6.21° 7.51° 129.32 2.39¢ S1
13.05 4.05° 3.16° 6.89° 7.76° 117.8° 5.68° S2
13.81° 4,592 3.41° 8.41° 779 102.4° 10.32° S3
14.88° 5.15° 4.62° 13.61% 7.85° 80.56¢ 19.98% N1

Different letters indicate significant differences at the 0.05 level.
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