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Abstract

Introduction: Assessing land suitability and determining its production potential to manage soil and land
resources is one of the best sustainable agricultural policies. After wheat, barley is supposed to be the
second most cultivated crop in Iran. However, all soils in Iran are equally suitable for barley production.
This study was conducted with the aim of evaluating the suitability of land for barley cultivation using a
spatial model integrated with Geographical Information System (GIS).

Materials and Methods: The suitability of the land for barley cultivation is affected by various factors
including (percentage of sand, percentage of silt, percentage of clay, percentage of saturated moisture,
structure, percentage of surface gravel, water retention capacity, organic matter, nitrogen, phosphorus,
potassium, EC, CEC, SAR, CaCO3 and pH) that were identified in the study area. In order to evaluate the
suitability of land for the production of barley crops, Cumulative Quality Index (IQI) and Numerical
Quality Index (NQI) were used with two series of data sets including: Total Data Set (TDS) and Minimum
Data Set (MDS) and the results of this The indices were compared with two indices, storie and square root.
Results and Discussion: 17 measured parameters were used as the total data set (TDS) and 5 parameters
(sand, clay, and silt percentage, saturated moisture and pH) were used as the minimum data set (MDS).
Also, the results showed that using the data set The minimum (MDS) provides a closer estimate to the
storied and square-root methods compared to using the total data set (TDS), thus even considering a limited
number of effective soil properties with respect to spending less time and money on quality assessment.
Soil and agricultural management can provide better results.

Conclusion: By calculating various indices and comparing them with the common Storie and square root
methods, it becomes possible to survey and monitor land using new techniques. This helps validate the
accuracy of the index performance. With the square root and storie techniques, the value of each parameter
is categorised based on sources and conducted studies, and the requirements of the barley plant. Each
parameter receives a specific grade. Considering the assigned grades and comparing them with the
estimated values from the ground experiments, it is possible to identify which areas of land are more or less
suitable for the intended purpose. Satellite images combined with ground observation data provide valuable
information for land evaluation. The results showed that most of the units in the storie model and the
square root were placed in the medium suitability class (S2) for barley production. Comparing the
correlation between land suitability assessment methods and measuring soil quality showed that there is the
highest correlation between the NQIMDS method and the square root. In general, it can be said that the soil
quality index can provide better results with minimum data and less time and cost for soil quality
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assessment and agricultural management. The soil maps produced for agricultural suitability analysis in
this research can serve as an effective aid in decision-making processes. Subsequent research should
concentrate on employing new predictive tools to enhance forecasting abilities.Most studies have used
fundamental GIS techniques for resource allocation. GIS is a potent tool for spatial analysis in resource
allocation. Since land resources are decreasing rapidly, land use planning should be accomplished
efficiently to recognise new areas for crop production. The use of advanced simulation software assists in
the reduction of redundancy within other processes while simultaneously increasing their accuracy.
Consequently, researchers must concentrate on carrying out studies concerning new and developed GIS
software. Unmanned aerial vehicles (UAVSs) could enhance accessibility, and therefore improve the
effectiveness of resource allocation (Yu et al., 2014). Modelling techniques can be employed to evaluate
the practical impact of resources.
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Figure (1) Location of the study area and soil profiles in llam province, Iran
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Table (2) Suitability of lands by the square root method in the study area
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Suitability of lands by square root method Class  Score Area (hectares) Percentage
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Unsuitable
684000 685000

683000

GBTOI'IIO """ GBDMID o euooln

uzwln

3690000 3691000 3692000
1

3683000

[ 4

JLegend

3688000

suitability(square root)

s
I
. s
I

3687000

3693000

N

3692000

3681000

T
3690000

3688000

3688000

Kilometers L

00295 1 15

3687000

T T T
682000 685000

T
687000

P9 4l 59y 4 axlllan g0 dakin (Lol Cwwld 4lE (Y)JSS)
Figure (2) Land suitability map of the studied area by square root method



WY

\Foy Q\Zm{\: c"o)l—e.&fv -\.1> (6))5\‘3‘56"‘1; 4.1>=A) &59‘)} Q.S“"L'é"

Mlhab),.a dikue o ‘5)9&.41 &5} L Gb‘)' ol (Y’)Jgu\?
Table (3) Suitability of lands by storie method in the study area

Er ) P4 (o2 03 mlia N o o (GESs) o ls o)
Suitability of lands by square root method Class  Score Area (hectares) Percentage
o S1  75-100 119.8 10
High Suitable
o S2 50-75 736 61.9
Moderate Suitable
oS mls
R S3 25-50 303.8 255
Marginally Suitable
el
o N <25 28.1 2.3
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Figure (3) Suitability map of the studied area by storie method
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Table (4) scoring functions and its parameters for soil quality variables

ARA

sylulal oas 5l @U o] YL S GU &S e
Standard scoring function Optimum  upper ...  function Variable
limit limit lower type
limit
S S Colds S
20 0.2 Less is S
better EC
FeRS oS
60 3 Less is CaCO3
better
S o
Less is pzien
17 1.25 better 7
1 XY=L sl
X¥—-L
N{x) = 1-09-— L=X=U Po
0.1 X>U S S o3 S
55 3 Less is Gravel
better
S ol Lo
13 3 Less is R
better SAR
: Sl ST
75 8.5 7.2 = o
optimal pH
40 60 20 “ o
optimal sand
: S
35 40 10 o N
optimal silt
0.1 X<L g o
- L 25 40 10 =
0.9U —+ 0.1 L=X=U optimal clay
1 UaX<L TS T
) = Y1 o & uu_f
1-— D.Qﬁ LsX<U 3.2 0.1 more is Organic
04 XU better car'bqn
S S
15 5 more is P
better
200 100 more is K
better
e 0595
0.12 0.03 more is N
better
S ¢ e b
0.1 X<l s bl =8
o ¥—1 more IS Ss5S
Mix) = 9___ ! o N o=
(x) U‘EI'U_L+EI'1 L=X=U better CEC
1 X=U e by de)s
25 10 more is glal
better sp
A G oS
2.5 0.5 more is Gl s
better MWD
e R OlazsL
0.05 0.02 more is S
better
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Table (5) The results of principal components analysis

PC Wy
PC5 PC4 PC3 PC2 PC1 s
Main components PC
1.76 2.46 2.92 3.39 3.49 i 3
special value
10.37 14.51 17.29 19.98 20.53 g
Percent
e Loy
82.69 72.32 57.81 40.52 20.53 cumulative percentage
059 ayls
Special vectors
0.005 0.200  -0.196 0.921 0.098 o
sand
-0.034 -0.047 0.972 0.036 -0.041 ‘“ll“"
silt
0.928 -0141 -0519  -0.831  -0.057 o
clay
0.131 0006  -0.008 -0.007 0.055 e sk e
SP
0205 0182 0101 0258  -0.727 éf“';é‘“%‘f‘s
0432 0445 0099 0253  0.585 {;’é’f
0173 0036 -0.020 0108  0.949 5"':‘5"
p
0.173 0.036 -0.020 0.108 0.949 Qflilff'
0.178 -0.691 -0.174 0.568 0.005 S Ol S
CaCO03
L J&
0870 0156 0165  -0275 0233 S SIS
Pb
Gravel
0537  -0.003 0361  -0.166 110 A
P
0.345 0268 0304 0771  0.256 S B
CEC
-0.048 0.281 0.037 -0.166  0.652 et
SAR
-0.131 0501  -0.250 0446  -0.365 =&
K
0454 0043 0598 0586 0171 ST A e
MWD
OleasL

-0.036 -0.044 0.972 0.041 -0.036
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Table (6) variance and common weighting factor for each of the variables in two sets of TDS and

MDS
Laosls Joldo- ae soee Jf Saosls 40 gazen eRie
MDS TDS Variable
BTy S e bl TR S e bl
Weighting Common Weighting Common
factor variance factor variance
0.200 0.936 0.936 o
0.066 sand
0.204 0.951 0.951 e
0.067 silt
0.211 0.984 0.984 o
0.069 clay
Lal cw >
0.180 0.842 0.842 gl ks 4o
0.059 Sp
0.681 S n
0.048 ' EC
0.801 s
0.056 oc
Sl S
0.202 0.944 S5
0.944 0.067 pH
0.944 9327
0.067 N
ol
0.863 i 2ls
0.061 CaCO3
0.938 sl IS
0.066 Pb
0.688 o
0.048 Gravel
0.458 s
0.032 p
0.943 A D
0.067 CEC
0.535 ok oo el
0.038 SAR
L
0.663 ==
0.047 K
0939 ST b 555 Sk
0.066 ' MWD
0.95 Olezsl
0.067 ' Structure
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Table (7) Grading of soil quality in 1QI and NQI models TDS and MDS

Sl CokS a s &
Soil quality grade I Je
\ Meth Mod
v 1 I | od el
type
0.61<IQITDS<0 0.52<IQITDS<0 0.45<IQITDS<0 0.37<IQITDS<0 0.29<IQITDS<0
TDS
.52 45 37 .29 21 10l
0.71<IQIMDS<  0.61<IQIMDS< 0.52<IQIMDS<  0.43<IQIMDS<  0.34<IQIMDS< MDS
0.61 0.52 0.43 0.34 0.25
0.38<NQITDS<  0.33<NQITDS<  0.28<NQITDS<  0.23<NQITDS< 0.18<NQITDS< ¢
0.33 0.28 0.23 0.18 0.13 NOI
0.48<NQIMDS  0.41<NQIMDS  0.35<NQIMDS  0.29<NQIMDS  0.23<NQIMDS MDS
<0.41 <0.35 <0.29 <0.23 <0.17
Baiges J57 90 L Coitd” G aSlh (1Sle p3le (A) J9u
Table (8) average values of soil quality indicators in all samples
S S sla e ls
NQlwvips NQlrps 1Qlmps 1Ql7ps . o
Soil quality indicators
Y9
0.405 0.406 0.627 0.613
samples
0.60
';;— 0.50 y:oéfzaio‘;;gc;osz . >
9 é 0.40 /
33 &
4 = o030
Ly
8 § o020
B 0.10
0.00
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Figure (4) linear relationship between IQITDS and 1QIMDS
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Figure (5) Linear relationship between NQITDS and NQIMDS
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Table (9) area and percentage of soil quality grade in TDS and MDS methods in different models

NQI Q1 =
Loy (ESa) oo Lo s (kSa) e R oo
Percent Area (hectares) Percent Area (hectares) Degree Index method
0 0 0 0 I
0 0 0 0 I
0 0 0 0 1 I slaesls 2 pue
0 0 0 0 v TDS
100 1457.51 100 145751 v
0 0 0 0 I
0 0 0 0 I .
0.07 1.07 0 0 i ool Sl a0 gume
74.82 1090.35 38.78 565.27 v MDS
25.09 365.73 61.21 892.23 v
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Figure (6) Soil quality maps of the study area by IQITDS, IQIMDS, NQITSD, NQIMDS methods
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Table (10) Equivalence of land assessment classes and soil quality classes based on area percentage

S ddo ol

IQITDS  IQIMDS  NQITDS NQIMDS (2= G

square root storie

VorS1 100 61.21 100 25.09 13.99 10.08
IV or S2 0 38.78 0 74.82 74.75 61.98
Il or S3 0 0 0 0.07 8.88 25.57
IlorN 0 0 0 0 2.37 2.37

| or N2 0 0 0 0 0 0

G031l sl g b (Storie g square root) ol cwld b3 S b9 oo (Swmod p3lio (V1) Joo
(NQIMDS g NQITDS ( IQIMDS ( IQITDS &S5 cuita”

Table (11) Correlation values between land suitability assessment methods (square root and storie
(with soil quality measurement methods IQITDS, IQIMDS, NQITDS and NQIMDS

o (R;ﬂ IQITDS IQIMDS NQITDS NQIMDS
£2 450 0.011 0.245 0.011 0.951
square root
S5 0.047 0123 0.047 0.760

storie
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