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Introduction

Farmers and agricultural products face many risks, including adverse weather conditions, pests, diseases, and
changes in product prices, laws, and regulations. The first step in managing and minimizing many of these risks is
often choosing the right crops for the area under cultivation; Therefore, knowing whether these lands are suitable
for a particular crop can determine the success or failure of agricultural strategies. Because farmers are exposed to
climate change and the economy, where agricultural frameworks are changing at an unprecedented rate, it is vital
for them to be able to adapt to new trends. Increasing the availability of land suitability information for agricultural
products will be a valuable aid for farmers and managers in this field to develop new agricultural strategies. At the
same time, the growth of computational capabilities and increased access to geographic data has made land
suitability assessment faster and easier.

Materials and Methods

The study area is located in Abik city, a city located in Qazvin province of Iran, between 50 degrees and 40
minutes to 50 degrees and 41 minutes east longitude and 35 degrees and 52 minutes to 36 degrees and 21 minutes
north latitude. The average annual soil temperature at depth of less than 50 cm is 15.8 °C and has thermal heating
regime. Furthermore, according to the average rainfall of the region, 222.7 mm, the humidity regime of the region
is of Eridic type. Moisture and heat regimes were obtained by Newhall software. According to regional conditions
and the size of the area, 60 profiles were drilled for network description and sampling. Field studies including
determination, drilling, description of profiles, slope percentage, etc. were determined at the site. Information on
soil physical and chemical properties were tested. Parametric, American (USDA) and LSP methods were used to
evaluate the land. Necessary climatic characteristics for annual plants include the climatic variables that are
necessary to determine the growing season, planting date and type of cultivar. The information of Buin Zahra
synoptic station has been used. In this study, CROPWAT software was used to calculate the potential
evapotranspiration. Land information such as slope, drainage Condition and flood absorption, as mentioned in the
profile description card, was used to assess land suitability. Growth period was also obtained for the region using
the area agronomical calendar. To calculate potential of production, the model AEZ which is provided by FAO, is
used in this research.

Results and Discussion
The decrease in the suitability of the studied lands for the wheat crop is due to the salinity and sodium content

of the lands and the presence of surface gravel and shallow soil depth. According to the provided tables and maps,
18% of the study area is unacceptable, 12.5% is average, 12.5% is good, 25% is very good, or very good and

1- Professor, Soil Science Department, College of Agriculture, University of Tehran, Karaj, Iran

(*- Corresponding Author Email: fsarmad@ut.ac.ir)

2- Masters Student, Soil Science Department, College of Agriculture, University of Tehran, Karaj, Iran

3- Masters Student, Soil Science Department, College of Agriculture, University of Tehran, Karaj, Iran

4- Graduated with a Master's Degree in Soil Science, Soil Science Department, College of Agriculture, University of
Tehran, Karaj, Iran


https://jsw.um.ac.ir/
https://doi.org/10.22067/JSW.2022.76330.1159
mailto:fsarmad@ut.ac.ir
https://jsw.um.ac.ir
https://jsw.um.ac.ir

1P LT — jo0 oF ojlods FF wle (S g ol a5 FP

31.25% of the total study area are in the excellent fitness class. The above values have been obtained by considering
the rangeland and saline sections as well as the type of product in preparing the fit map. The accuracy of the
preferred rational scoring method in land suitability is higher than the parametric method because in this method
the land suitability maps of the area are obtained by logical collectors and the output map is the result of all
parameters and constraints that the area may have. To have the desired. In the parametric method, this problem is
summarized in soil properties and climatic conditions. Due to the lack of direct measurement of product
performance, more accurate comparisons were not possible.
Conclusion

Most of the restrictions were in shallow hilly areas with shallow soils and pebbles, and salinity, alkalinity and
gypsum did not impose any restrictions in these areas. Traffic in these areas was difficult and they were mostly in
the S3 class by the parametric method and the poor and unacceptable class in the LSP. In land evaluation using
LSP method, understanding the relationships of criteria with each other and the amount of impact that each has on
the potential of land for different uses is essential. The LSP method is sensitive yet flexible, and may not work
well if the data accuracy and number of parameters are low. The application of GIS-based LSP method showed a
suitable tool to create accurate, flexible and rationally justifiable criteria in assessing the capability and suitability
of land in agriculture. In such studies, by using the Bayer LSP method, prerequisites such as precisely defining the
goals of users, managers and agricultural expertise should be considered. This method is a multi-criteria evaluation
method that has been improved for measurement among decision makers, land management and other specialties.
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5- Normalized Difference Vegetation Index (NDVI)
6- Ordered Weighted Averaging

7- Area Under the Curve

8- Receiver Operating Characteristic
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1- Geographic Information System (GIS)
2- Remote Sensing (RS)

3- Logic Scoring of Preference (LSP)

4- Perpendicular Vegetation Index (PVI)
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1- Multi-Criteria Evaluation
2- User friendly interface
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25 ddleo wl_.wl 2 u_.‘obl ua>l_.w U”l BRRLTS Ay, L)“’9)
g5 o0 duwles

I=Rmin\/%x%x%x... (")

a0 Jils Rmin o sl (a3l 5l hgy opl o &S

A Sy g oalil g o)) aliste Gluo gad (o 5 sdalcow 34

Cowl (ol g Sl iz Glogas plw Sy .. s C B
.(Storie and Earl, 1976)

(LSP) (flats (o2 55 oAbl (g

ol dls o a3y cpl el o)lresi> Sb5) B9y S
.LSP‘c ‘514-70
Sl Shs pled &5 Cunl odds mulal 5 (GALpands B )0 Cygo &
Jle yob & oS o G AL ol 3 1) (b5l 55 Sl ge
09,5 cxl lp (Bl a3 S (65,5LiS sl canlio
Montgomery et ) .ué saled a0 dg 39350 (5,590 095 pj S|

3- Definition of attribute criteria
4- LSP aggregation structure
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density (+)
SK gpdols 0-)
5-1 Soil fertility
-V / (+) EC y-0-V / (+) OC y-0-)
ol e s -0-1 / (+) SAR Y-0
() &5 00V [ (+) g
1-5-1 OC (+) / 1-5-2 EC (+) / 1-5-
3 SAR (+)/1-5-4 CAC (+) / 1-5-5
Gypsum (+) ) )
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Table 2- Land Capability standards

(Class) asb
1 2 3 4 5 eicht 039 t
ei ercentage
(Criterion) ,Lxo ght (p %)
o <5 58 815 1530 >30 30
Slope (percentage)
b S Sed T % BT _ 6
Slope direction Northern South Eastern South
B >75 75-50 50-25 1025 <10 25
Soil depth (cm)
o) e 2030 30-40 0-20 >40 - 20
Clay (percentage)
ek >5 35 13 <1 - 15
Organic matter (percentage)
ke ds) 0-2300  2300-2700 2700-3000 >3000 - 4
Height above sea level (meters)
n oyl 6)916‘9 (gdmy Al o 0 dalgs st b Shg opl sl X =1/19 (v)

Lo (b)) ytel)l (sly (I sl Sy s sl Sy
9 xSojIul sl el Jlainyge Slanl g Ll (585 aiy
 stebl 93 &8 25— Qlil (Juo el jio Sy 93 (b))
e cnl & 055 ol ' Slojer Joo b aS (uy 0 Glojer
ol b g3gy9 dan dhard g, 5> .5l soft | hard wlgs oo
S P92 yimo Spgmo )3 9 Bgb (cy g o b b g M
Anlgs jho b yiall sy (5,1 (58558053 (g (295 Bisd9yg
e R Sl lasdgys Tpsdgmen » S Iy 09
423 By g debl cod ol (133 yio 4 Ll (63959 o
2 el plod Wb ke (S 5 20 o als 1) (e wls
A3)90 308 (Sl (oL Oy cnl 3 bl osllae Ll
o3li ] TS g3guen | I el dalgss |y Cgllas 5,Sles
(Montgomery et al., 2017) 5 .~

Cos @ &S 53sf ol gan & gl Slojon clo Jie
14 (C+, CA, C+-, C+, CH+, C) xS o g5l o |,
3 35 (pl ) Blord i pe (San o (p F 598 U iduns
ol oa 5 o3lai ] (e3gad yi b il jglateay CH+ o
2 &S olessS xex o hey opl 3 (Montgomery et al., 2017)
o 1317 535 ol eSle L o GCDP b |y ol ol IS
:(Montgomery et al., 2016b) 1555 o 354
GCD(Xu,....Xn) = (WiX1" + ...+ WoX)r o)

4- Aggregator
5- Generalized Conjunction/Disjunction
6- Weighted Power Mean (WPM)

S gdecal sy a0 L VA ST PO oy bod dioly (ST
2l oo Cawd 4y dlal,

x= (35-1)/(35-19) ()
2,5 Gy i S5 4 ol

x =max (0, min (1, t/19) 0, max), x € [0, 1]  (¥)

b sl g0 4 93909 Shy sl bylre jliel &
2 ske 3905 30 o 5yl Sy ol sl Slae 295 3l eolits]
Aidyge (Shg Wl (ob Sucold ) Gl orimaglis (Shy
(Montgomery etal., 2017.Montgomery et al., 2015) ¢!
4 Blale + oS 2,5 o0 (Bl Cogide 1 @l S 399 12 &
ol Ty Jols caw W Y dae a5 Jb > Cunsd (o B degasro gun
Cbul cow W plgs b o o 1)l CublB (gly jlre 355 23 o
adol Jlxo 250 o ¥ o ¥ Jolis 10 cwls by il oui
(Montgomery et al., 2015) ..

o8l sl Sy sl 1 ls el ks S5 sl
s o) Slodds Al b L) Cubl g Co e da i 5 ola 3
5 l—ail clazl Joloe b ioles sy (gdiaat o
Sad Bl S bl ) asmecuw

LSP =i Al
o5 Ol y3 (939y9 (Sh N & adgl sloyline Jlos! |
1- Simultaneity

2- Soft Partial Conjunction (SPC)
3- Hard Partial Conjunction (HPC)
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Table 3- Limits of Input standards

CoantU5 N 3 1aio) (1 cawlis 1 (gdas jlaie)} (S59 b Hlre

Su0gyS {(n s 5 basly
Grouping Criterion or attribute { (numeric value 1, Suitability 1); Codes
(value of number n, Suitability of n)}
) 1(35 0) (19 1) (0.0)} =(Temperature criterion) Les ,lae )
Cl?’ﬁ”' {(35.0) (19 1) (00)} = W 2Co
imate ; ater Capacity Ratio
{(20 1) (0.0)} =(Water stress) I i
ol {(1300.1) (0.1000)} =(Product COSt) Jguasro crosd Toman
Economical {(9 1) (0. 0)} =(Crop yeild) Jpuaxo 3, Sloe Ton/Ha
oo > 1(2000 0) 200 (1) (100 (1) (0,0)} =(Main road) Lol esl> Meters
Access {(1000 0) (700 1) (25 0)} = (Side road) 5 osl> Meters
oo 1(11) 40)} =(Product type) Joaxe g5 Wheat (1), Maize (2), Barely (3), others (4)
- . . Urban (1), Dry farming (2), irrigated agriculture
Management (3 1) (0d)=(Land use) sl s p,8 (3). Range (4), Sailing pasture (5)
(Slop) s ={(11) 425 O)} %
Texture) st = {(1 5) {0.0)} L (5), CL (4), s|C|_-s|(c0)(3), C (2), SL (1), LS-S
(Gravel) o3 S = {(12 1) (70 0)} %
(lime) ol = {(15 1) (50 0)} %
(depth) es = {(190) (0. 30)} cm
w2l b (Available water) s> ;> oI = {(115) (0. 7); WD-MWD (3), SPD-SWD-SED (2), PD (1),
Land (Drainage) .:S»; = {(1.3) (0,0) } VPD (0)
Capability g1k density) (¢ alls ogasie py2 = {(1.8 0) {14 4) (LO)} glem?
(Organic carbon) T )8 = {(0.8. 1) (0.3.0)} A
SAR ={(1.10) (80 0)} ((mmol ¢/l) A.5)
EC ={(18) (16 0)} (ds/m)
CEC={(24 1),(5 0)} (cmolc*/Kg)
(Gypsum) &5 = {(3 1) (15 0)} A
S(X,Y) = {(1-W2)[W1X rl + (1-W1)Yri]r2/r1 *) Sy 95 el samd ) Lis GCD(X,...,Xn) byl
+W2Xr2}1/r2 a5 Jloy sla g -l X1, X (6399 caolis Sl >
r1>0, r2<0 (v) o ool St WisLe i1, n < 0< Wi <1« Wi,..., Wi
)Y(>(O)’ z (S(’ z) _00 (:) dyd o dl){ r )Jﬁ‘)l{. 2 o ol Iy X1,...,Xn LAY
> 1 y > e S . P . .
>0, S (>£ X+ )) X+reward, S (X,X-) = X \( |t e by Al (i) s
a>0, ,X+a) = X+reward, X-a) = X- . B "
pengltyz b 2 d oo zon oo )L )0 4y )b e 4y o639

oSl b wg wilgy 0 (F112) o olgs o (WL W2) a5
29— melad Toslhe Gl il 5 Toglhe ate Ll

.(Dujmovi¢, 1979)

4- Desired Average Reward

claedgyg oS5 bl e 4 JS (g3 b S &S S
Dujmovic and ) 54 e 03l | CPAY &b 5l o g,lis !l o (gLl
9 X )bl (639)9 gloinl LS (595 —wls .(Larsen, 2007

i(Dragicevic et al., 2018) s34 o amwlore Y (5)Lid] (53959

1- Replaceability
2- Conjunctive Partial Absorption
3- Desired Average Penalty
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aw Gl Uiy ol ol o] s bl il sy N nS ol
ol odol ¥ Joa 13530 g g3 pAS Joammo

F o U psS Jpa o slp adllaesjgo (o8 Ll oo U5 als
15 G g (Pl o) K 3929 9 (05 1) (O (et 959
OhlSer 5 plide s (en 5 Sgwge bawg @l (pl conl SB
Sarmadian et al., Mousavi et al., 2017) cuwl oxds Aol 5
Jeily 9 (o8 1)) w5 0 ( Sarmadian et al., 2009.2003
hoolaw] &S oly i liw gy Cubd yob S 3 puiS W)g
g Gl 0392 by ol Sl Sowlio pod aiy) S yalil (b9,
Lo pd Vo Dgds oA 0] (eSS e I 2bly 3, Sles jlade AV
G5 oyl ) odelcwday ol (Tashayo et al., 2020) el
015 ol |y @l cnl 39 ,%os e by o ¢ Jpazme
Sarmadian Hashem Vand Khiabani et al., 2015) ¢l
.(and Keshavarzi, 2011

O 90955 325 5 ol (Gladids dajlital b o )hre e g3l
(sloimn ol b dnts (2r 5 (3]l (hg) 42 dboge e 09,5
a sl s | QIS o )3 olas 42 8 5 g S o5 s ]
Lo 5 dbgyye 656 milyy jl oty bl 5 ol cloaiis
oslaw! GIS ArcMap > map algebra ;I eslaww! b GIS (i
oMY @& Jod> cui g & odel i wddy A Coles p0
2l ly OhlSen 5 (65098090 baw ¢ a0kl (pl (gaeil
25 St G el 91,8 ] s ailiie

o 4 ok b glaisly (sl o8l o 15 51 o b ol
il g0 cpl & (e ilale (235l

dalais 5l o) YA w0l &) clad_id g ol llas
JAo,> VY/& Unacceptable | Jod b e wls dalllasgo
b dilaie 5l a0 VY0 Average b b wgio el ol
Gy i caols )b ddlats 5l s o YO Go0d b Gt s
oS 5 Slllas ddlate S 51 4o p> YV/YO 4 Very Good |
O )S aia b 398 polie .4l )8 Excellent | Jle s
Wb B arg ) Jga e £ opined 9lj0)9d 5 (ye SIS
hls dilate Ggir g Jlod 3 olbisu .ol sdealcsday cuols
s ) Jlads sblis j> a8 Wloas JauB b pue cawls oIS
2 M 2 (634 6y98 SIS (g gble g o Ve 5l i
@b dlold g odg JSuin baodls 4y (o yiwd ddlaio g Cuoud
Gl ad YU guejp; ol maw clde 4 B)b 5l wiyls el |

6- Family

7- Aridisols
8- Inceptisols
9- Entisols

&0 5 23l (Slojed (25 L) yob 4 b cuw | CPA 5 GCD
2 e Sl e oLl (L) g slal slesdgy | olizel
Taweod Slles Jobo 13 a5 (ala s b LSP sl 53 (935
59 o b el i 36 8 o0 (s Ligd s 0dlitl
Dad e 0 Sl YL

14 a8 3 Jlay 13 ol j s el )by pled e Budis (] 4o
ey cnl 33 ie palie .l odd edlaisl (g ylsl b yzel )y I L
(AHP)" (o)l sl (23 el sl S5y G200 5l o2
P e by do d Ohygod iy Cunl Fodlw Cuwl sdelcuwday
ol Vel bl aen 5 00l Jloys laryjs S aen o

GIS J5éle s JILSP Lis, clysl s o cslmosly [3jlsp
03lizsl L GIST (¢ s Lago b olyan (636 molss sl 05 03lits]
s a__id peess lp ArcMap GIS ;> map algebra 3l jl
5 |l bl g canls

ol 585 bl e Jo by 4 (@dos ol
slod (pizron 100,85 Bl Oluwlxs 5l (S0, ¢ jlainyge (65,5l
—wolidlon oSl (gloodly YL ke bl p ddlais
o —id L.J)K )‘ ol b Ll cu_.ol)] cwls U_»L’))I Olalllas
P eels ol ol sl YA 4 Sladlas dilaie Mlag S
dibaie b SB ws o ¥ Jods o aS jeb o il (gl e
N8 s 551 9" g (sipmeia] g syl 03y aus )3 adllaedge
Glaie polad Cpiored Cuw | odd odldylis Ya JSS 40 &S wiid S
ol YoV« 5381 > Landsat 8 o jlsals <

g b liessd oppots ol IS 5 a0 0 Y5 S dboay
D)5 (550U S )8 g 039 (olldd 6)8 g @lye Y (Gojn
2 LS‘O])‘ L | odiis bl db)ﬂo.c Le(T dl).g was]b N9
AT oM™ 33 o) VWY T oM 5 3o VIV Sy
P pd o yd \YJ/A vV L}\)M{ O dwoyd A/Y‘ JdV u»% ) dwoyd Yo
L8 )5 13 VI S

G 5 gl 38 Jdo jlisls aan gl WM Y dalllao oyl 4o
L ooyl &l ST Jolis oS couwl a3 Jlas ) ¥ gae o))
=2l (6l S3 e wgio cwls b 5l (gl S2 YUl

1- Asymmetric Aggregation

2- Aggregation

3- Analytical Hierarchy Process
4- Raster GIS environment

5- Profil
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o)) o 15 | ySme elain] g (ool 38l Jalge sy e
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Odslcadds 0 0 1y SB Glusgad 5 4 (6,500 clbcudgise

el ol ol Sl 3V Jgi a5 65 00 a5 3 (aled ol

@ Ol orpen 1l Sy Bhlio cul 53 335 Mas il
ooy el ol cabay sl l ddlais ol 3 SAR G EC
Byl (oY 03y S do 3wl oS S Bos o g slas
o | ool s gblie ol 5l oo iso oYL Sal as g
] JSitio oS ot 03l s (g yiwd g YT usle 305 8 )b )
Sl g 4Bl yialS Caday sble (ol )3 (65)5liS Gl 5y 00l))
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Table 4- Classification of soils and land units

b &, S ol LX), ol sbasly
Witness profile number Classification Land units
6 Fine, mixed, termic Sodic Haplogypsids 1
4 Fine, mixed, termic Vertic Natrigypsids 2
1 Fine loamy, mixed, termic Typic Haploxerepts 3
23 Fine loamy, mixed, termic Gypsic Haplosalids 4
27 Fine, mixed, termic Gypsic Aquisalids 5
24 Fine, mixed, termic Typic Aquisalids 6
25 Fine, mixed, termic Typic Aquisalids 7
40 Fine loamy, mixed, termic Typic Calcixerepts 8
35 Coarse loamy over fragmental, mixed, termic Typic Haploxerepts 9
39 Fine loamy, mixed, termic Typic Calcixerepts 10
55 Coarse loamy, mixed, termic Typic Calcixerepts 11
36 Fine loamy, mixed, termic Typic Haploxerepts 12.1
41 Fine loamy, mixed, termic Typic Haploxerepts 12.2
54 Fine loamy, mixed, termic Typic Haploxerepts 12.3
7 Loamy skeletal, mixed, termic Typic Calcixerepts 13
9 Loamy skeletal, mixed, termic Typic Calcixerepts 14
8 Coarse loamy, mixed, termic Typic Calcixerepts 15.1
52 Coarse loamy, mixed, termic Typic Calcixerepts 15.2
30 Coarse loamy over fragmental, mixed, termic Typic Haploxerepts 16
11 Loamy skeletal over fragmental, mixed, calcareous, termic Typic Xerorthents 171
10 Loamy skeletal over fragmental, mixed, calcareous, termic Typic Xerorthents 17.2
31 Coarse loamy, mixed, termic Typic Haploxerepts 18.1
58 Coarse loamy, mixed, termic Typic Haploxerepts 18.2
33 Fine loamy over fargmental, mixed, termic Typic Haploxerepts 19
34 Fine loamy, mixed, termic Typic Calcixerepts 20.1
49 Fine loamy, mixed, termic Typic Calcixerepts 20.2
12 Fine loamy, mixed, termic Typic Calcixerepts 20.3
50 Fine loamy, mixed, termic Typic Calcixerepts 204
13 Fine loamy, mixed, termic Typic Calcixerepts 20.5
21 Fine loamy, mixed, termic Typic Calcixerepts 21
48 Loamy skeletal over fragmental, mixed, calcareous, termic Typic Xerorthents 22
16 Loamy skeletal, mixed, calcareous, termic Lithic Xerorthents 23.1
19 Loamy skeletal, mixed, calcareous, termic Lithic Xerorthents 23.2
46 Fine loamy, mixed, termic Typic Haploxerepts 24
45 Loamy skeletal, mixed termic, Typic Calcixerepts 25

60 Fine loamy, mixed, termic Typic Calcixerepts 20.6
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Table 5- Results of land suitability assessment by square root method for three crops of wheat, barley and corn

(Product) Jgasxo

s b ol e 0}
(Land suitability) &1, cuwl irrigated Barely Irrigated wheat Corn
(Vi ki) 736 732 720
High suitability
(boogie cols) Lo 736 736 734
Medium suitability
(5" euls) 1 712 716 736
Low suitability
(ol L 716 716 720
Unsuitable
A + e & e
Lozal, Local,
() ) ks rz )3 aaddd
it £L o
I s \ I s;
B s2 P B s
| s1 B s
— »
. . -
¢
) ) . Ve yraghs Ve ) . Ve jegls Ve o ¢ Ve eskS
I BN N BN

o C e BrusA
(A: Wheat, B: Barley, C: Corn)
P93 dduy W9y 4 ()] el (o log Al Y JSu
Figure 3- Final map of land suitability by square root method

(Montgomery et al., 2015) w5 23kl (wigy & 3]y cowld (gl w5 T Jgua

Table 6- Land suitability classes LSP method (Montgomery et al., 2015)
oyl el oS
Class of land suitability

oyl gl S ald
Range of land suitability

(Unacceptable Suitability) Jos b5 e ks 0-0.13
(Very Poor Suitability) chias L& cwls 0.13-0.3
(Poor Suitability) cass cosls 0.3-0.4
(Average Suitability) Luwgie cals 0.4-0.5
(Good Suitability) wos cwls 0.5-0.6

(Very Good Suitability) we LS culs 0.6-0.8

(Excellent Suitability) Jle cwls 0.8-1
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Table 7- Comparison of LSP and USDA methods

Sl la oS . . .
. LSP (sigy & Cuils o5l ol Sl g WIS USDA (g, & Cuil® (b
) . Capability assessment by LSP Land suitability classes for ~ Capability assessment by USDA
Land capability method USDA method
classes
Excellent 52.7 | 222
Very Good 11.8 1l 16.7
Good 8.3 i 111
Average - - -
Poor 8.3 v 25
Very Poor - \Y 8.3

Unacceptable 19.4 VI 13.8
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Figure 6- The relationship between the calculated land index and the actual yield value
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