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4- Integrated Quality Index (1QI)
5- Nemero Quality Index (NQI)
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1- Principle Component Analysis (PCA)
2- Total Data Set (TDS)
3- Minimum Data Set (MDS)
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Figure 1- Location of study area, selected farms and soil profiles
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2- New Hall

3- Xeric

4- Thermic

5- Entisols

6- Soil Texture

7- Electrical Conductivity (EC)
8- Sodium Adsorption Ratio (SAR)
9- Bulk Density (BD)

10- Organic Carbon (OC)

11- Structural Index (SI)

12- Pressure Plate
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1- Soil Moisture & Temperature Regime
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7- Standard Scoring Functions (SSF)
8- More is better

9- Less is better

10- Optimum curve

11- Factor Analysis (FA)
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1- Mean Weight Diameter (MWD)

2- Plant Available Water Capacity (PAWC)
3- Field Capacity (FC)

4- Permanent Wilting Point (PWP)

5- Air Capacity (AC)

6- Relative Field Capacity (RFC)
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Figure 2- Flowchart of the research
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Table 1- Principle Component Analysis results of the topsoils

So adlye 95 al3o dw adlio Sk adlye
Component(1) Component(2) Component(3) Component(4)

9 A 6.504 3.339 2.149 1.304
Eigenvalue

obly 2oy 40,651 20.886 13.432 8.148

Percent of variance
by (me Ao )
Cumulative variance 40.651 61.517 74.949 83.096
percent
b 53y

Properties

AWC 0.905 0.008 -0.058 0.111

Sgi 0.795 0.418 -.242 0.183

EC 0.747 0.180 0.182 -0.001

BD -0.649 -0.255 0.004 -0.002

Clay 0.589 0.390 0.439 0.251

Gravel -0.502 -0.331 -0.431 0.269

ocC -0.266 -0.926 -0.150 -0.056

Sl -0.305 -0.898 -0.145 -0.168

SAR -0.015 0.767 0.618 -0.017

pH 0.440 0.645 -0.408 -0.301

MWD -0.208 -0.083 0.919 0.139

TNV 0.336 0.418 0.808 0.107

Silt 0.132 -0.134 -0.098 0.898

Sand -0.520 -0.206 -0.265 -0.749

RFC 0.097 0.274 0.597 0.705

AC 0.505 -0.079 -0.165 -0.671
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Table 2- Pearson correlation coefficient between variables in surface samples

AC AWC BD RFC SlI

OC MWD Sand

Silt Clay Gravel TNV SAR Sgi EC pH

AC 1 0.435 0199 -494 0.038 -0.001 -0.268 0.216

AWC 1 0.454 0.074 -0.361 -0.305 -0.148 -0.585*

BD 1 0213 0.340 0.334 0.220 0.326
0.588 -

RFC 1 -0.446 -0.376 1 oo

*

Sl 1 09 hoa1 o527

ocC 1 -0.037 0.420

MWD 1 -0.236

Sand 1

Silt

Clay

Gravel

TNV

SAR

Sgi

EC

pH

0.553 0.595* -0.195

-0.056 -0.662* 0.463 -0.575 0.745* -0.556 -0.429
*

0.045 -0.602* 0.495 -0.572 0.772* -0.520 -0.421
*

0.670* 0.781**
1 0.060 0.162 0.009 -0.163 0.228 0.139 -0.195

-0.449 0.087 -0.210 -0.093 -0.120 0.220 0.194 0.540

0.186 0.631* -0.251 0.245 -0.070 0.641* 0.651* 0.433

0.021 -0.457 0.446 -0.398 -0.168 0.718* -0.306 -0.393

*

*
0'730 0.587* 0.214 0.177 -0.226

0.586*

0.621*

0.062 0.265 -0.123 0.665* 0.511 -0.463 -0.003 -0.477

0.190 -0.527 -0.306 -0.533 -0.387 -0.042

1 -0.392 0.701* 0.549 0.525 0.403 0.220

1 oogss 0489 -0.454 o oo, -0.220
*
1 9832% 4208 0486 0.005

1 0.178 0.241 0.280
1 0.661* 0.626*
1 0.373

1

doyd gy o )3 I3 e
*significant at P<0.05
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**significant at P<0.01
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Table 3- Principle Component Analysis results of the weighting average for the depths

Sy adlie 93 Al dw adljo Sk alge T Ay oA adlio
Component(1) Component(2) Component(3) Component(4) Component(5) Component(6)

3 A 4101 3.837 2.9.18 1.567 1.235 1.093
Eigenvalue

bl e 25.630 23.948 18.239 9.793 7.719 6.833

Percent of variance
oeilly x2S doyd
Cumulative variance 25.630 49.614 67.853 77.646 85.365 92.198
percent
Sk

Properties

Sl 0.886 -0.235 0.217 0.078 0.036 -0.154

ocC 0.851 0.265 0.140 0.052 -0.223 -0.127

TNV -0.819 0.002 0.066 0.251 0.247 -0.270

pH -0.665 0.543 -0.090 -0.179 0.335 0.196

EC 0.545 0.149 -0.323 -0.327 0.332 -0.324

Sand 0.016 -0.965 0.148 -0.066 0.086 -0.147

Silt 0.181 0.856 -0.289 -0.089 -0.132 0.310

Clay -0.434 0.710 0.233 0.369 0.056 -0.283

MWD 0.164 -0.146 0.929 0.226 0.007 0.099

Sgi -0.148 0.072 -0.926 -0.237 -0.110 -0.088

SAR 0.222 0.411 -0.573 0.162 0.509 0.250

AC 0.063 0.073 -0.142 -0.978 -0.072 0.022

RFC 0.032 0.273 0.307 0.776 0.103 0.284

Gravel 0.382 0.254 0.043 -0.106 -0.820 -0.118

BD -0.156 0.028 0.549 0.100 0.727 -0.227

AWC -0.169 0.287 0.108 0.155 0.031 0.909

(o buwogio (diged ;0 B pile (g e (Ko 35— Jgi>
Table 4- Pearson correlation coefficient between variables in sublayers (weighting average for the depths)

AC AWC BD RFC SI OC MWD Sand Silt Clay Gravel TNV SAR Sgi EC pH

AC 1 -0.149 -0.226 -0.782** -0.083 0.028 -0.350 -0.037 0.227 -0.393 0.200 -0.320 -0.049 0368 0.356 0.156

AWC 1 -0.093 0494 -0.312 -0.169 0.145 -0.403 0436 0.126 -0.155 -0.064 0.244 -0.171 -0.376 0.428
BD 1 0.314 0.017 -0.193 0457 0.142 -0.331 0339 -0.580* 0.375 -0.026 -0.526 -0.006 0.235
RFC 1 -0.014 0.028 0429 -0.271 0.120 0460 -0.020 0.037 0.131 -0463 -0.225 0.072
Sl 1 0793** 0372 0287 -0171 -0.392 0211 -0.635* -0.035 -0.343 0.333 -0.729**
oC 1 0.230 -0.248 0.353 -0.108 0.508 -0.614* 0.111 -0.205 0.272 -0.558
MWD 1 0.250 -0.344 0.082 0.032 0.003 -0.447 -0.989** -0.336 -0.304
Sand 1 -0.934** -0.632* -0.255 0.016 -0.491 -0.187 -0.052 -0.515
Silt 1 0.314 0.335 -0.263 0.583* 0.302 0.155 0.363
Clay 1 -0.049 0528 0.041 -0.157 -0.199 0.582*
Gravel 1 -0.556 -0.288 0.042 0.112 -0.383
TNV 1 -0.041 -0.049 -0.454 0.476
SAR 1 0372 0322 0.297
Sgi 1 0.275 0.225
EC 1 -0.129
pH 1
Loy gy s 53 Jbgixe * Loy S s 53 Yo xe™*

*significant at P<0.05 **significant at P<0.01
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Table 5- Table of Communality with extracted agents (common variance) with weight coefficient of surface and weighting

average for the depths

B Sy P ladiged stos bavgio (sdiges
S Surface samples Subsurface samples
Soil TDS MDS TDS MDS
properties oyl gl oyl gl bl o g ob)ly oo
‘5 Y ‘;}9 ‘5 Y ‘!}9 ‘5 Y ‘3}9 ‘5 Y ‘359
Common Weight Common Weight Common Weight Common Weight
variance  coefficient variance coefficient variance coefficient variance coefficient
AC 0.739 0.056 0.992 0.067 0.604 0.134
AWC 0.835 0.063 0.747 0.218 0.974 0.066 0.759 0.168
BD 0.486 0.037 0.916 0.062
RFC 0.938 0.071 0.864 0.059
Sl 0.948 0.071 0.919 0.062 0.725 0.160
ocC 0.954 0.072 0.833 0.243 0.882 0.060
MWD 0.914 0.069 0.937 0.273 0.972 0.066 0.765 0.169
Sand 0.944 0.071 0.987 0.067 0.810 0.179
Silt 0.850 0.064 0.913 0.266 0.970 0.066
Clay 0.755 0.057 0.967 0.066
Gravel 0.619 0.047 0.910 0.062 0.857 0.190
TNV 0.952 0.072 0.872 0.059
SAR 0.972 0.073 0.894 0.061
Sgi 0.898 0.068 0.960 0.065
EC 0.624 0.047 0.746 0.051
pH 0.867 0.065 0.928 0.063

Luogio 5 (odaw LAY ;3 MDS 5 TDS acgocms 55 15 NQI o 1Q1 s Jute 13 SK CuitS 51y ad L 0.wh dpwlne 3lie -1 Joua

S Sas
Table 6- Calculated values of soil quality indices of 1QI and NQI models in TDS and MDS in surface and weighting average
for the depths
9 2yl o 1Q17Dps 1Q1mbs NQItps NQImbs
J &5 al buogio a4 Yy buogio a4 Yy Luwgio Y al buogio ¥
yas (W] . . . .
Lands and Ir;is)a“t‘ion > oS > oS b oS ohw oS
cultivation s gtem Surface  Subsurface Surface Subsurface Surface Subsurface Surface  Subsurface
type Y layer layer layer layer layer layer layer layer
oge0 &L Slo jlab 0.61 0.56 0.31 0.39 0.42 0.37 0.17 0.28
Fruit Drip 0.57 0.48 0.32 0.32 0.39 0.32 0.17 0.22
garden irrigation 0.62 0.50 0.34 0.31 0.43 0.33 0.18 0.24
o “f"lf 0.60 0.45 0.42 0.30 0.41 0.30 0.23 0.22
% Sprinkler ¢ gp 0.48 0.42 0.33 0.39 0.32 0.26 0.23
Alfalfa irrigation (73 0.50 0.58 0.30 0.48 0.33 0.35 0.21
(classic)
e
5 Sprinkler 0.60 0.53 0.42 0.40 0.40 0.35 0.22 0.26
£ irrigation 0.57 0.47 0.37 0.28 0.39 0.31 0.19 0.22
Wheat center 0.56 0.47 0.40 0.33 0.38 0.31 0.21 0.27
(
pivot)
e By 0.58 0.48 0.39 0.34 0.41 0.32 0.20 0.25
£ Flood 0.61 0.46 0.43 0.32 0.42 0.30 0.22 0.25
Wheat 0.59 0.47 0.41 0.33 0.42 0.31 0.21 0.26

irrigation
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Table 7- Soil quality grade for 1QI and NQI models based on TDS and MDS (33)

Jae g9 O¥95 S CotsS a2
Soil quality Indicator Soil quality grade
index model method I 1] i v
QI TDS 1Ql1ps>0.76 0.76>1Qltps>0.66 0.66>1Q11ps>0.56 0.56>1Qltps
MDS 1QImMps>0.78 0.78>1Q1Imps>0.68 0.68>1QImps>0.58 0.58>1QlImps
NOI TDS NQIltps>0.55 0.55>NQIltps>0.45 0.45>NQl7ps>0.35 0.35>NQlps
MDS NQImps>0.80 0.80>NQImps>0.70 0.70>NQImps>0.60 0.60>NQIwmbs

Of 5 423 9 S CudeS o yad W (1l 23l -A Jga
Table 8- Average values and classification of soil quality indices

u";‘)‘ Mlal») IQITDS IQIMDS NQITDS NQIMDS
Lands Sl s des lwgle e es gl pdaw  des hgie  odaw  les hugie
(Cultivation - yrrigation Surface  Subsurface Surface Subsurface Surface Subsurface Surface Subsurface
type) system
.L L_slb).la.é
. & Drip 0.60 (I11) 0.51 (IV) 0.32 (IV) 0.34 (IV) 0.41 (11) 0.34 (IV) 0.17 (IV) 0.24 (IV)
Fruit garden irrigation
Shb
x5 Sprinkler o4 (i) 048(IV) 047 (IV) 031 (IV) 043 (I1) 032(IV)  028(IV)  0.22(IV)
Alfalfa irrigation
(classic)
Shb
e Sprinkler
Wheat irrigation 0.58 (I11) 0.51 (IV) 0.39 (IV) 0.34 (IV) 0.39 (1) 0.33 (IV) 0.21 (IV) 0.25 (IV)
(center
pivot)
N Flood 059 ()  047(V)  041(IV) 033 (IV) 0.42 (IlN) 03L(IV)  02L(IV)  0.25(V)
irrigation
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Figure 4- NQIrps-NQIwmbs linear relationship for surface

layers
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Figure 6- NQIltos-NQIwmps linear relationship for weighting
average for the depths
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Figure 5- 1Qltos-1QIwmps linear relationship for weighting
average for the depths
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Introduction: Soil quality is an essential indicator for sustainable land management that generally depends
on soil physical, chemical and biological properties. Due to the multiplicity of soil properties, the number of
variables is usually reduced to a minimum set by statistical methods, which reduces study time, decreases
monitoring cost for sustainable use of agricultural lands. The aim of this study was to introduce the most
effective soil characteristics of agricultural lands in Mohammadshahr plain, Karaj, to prevent the descending
trend of soil quality.

Materials and Methods: In this study, four farms and orchards which were different in terms of crop type
and irrigation system were selected and evaluated with Integrated Quality Index (IQI) and Nemero Quality Index
(NQI). In both indicators, the characteristics affecting soil quality are combined in the form of a mathematical
model and presented as a numerical quantity. For this purpose, first 12 soil profiles were described, followed by
sampling from topsoil (surface layer) and sublayers (weighting average for the depths) and testing 17 soil
characteristics affecting its quality. In the next step, both indicators were calculated using two different sets of
soil properties. The first category, the Total Data Set (TDS), included all measured soil characteristics, and the
second group, the Minimum Data Set (MDS), included the most important properties affecting soil quality. The
Principle Component Analysis was implemented to select the MDS. Soil properties were scored to calculate 1QI
and NQI. For this purpose, a function was defined for each soil feature to standardize all scores between zero and
one. Weighting various soil quality properties was also performed by calculating the common variance of the
variables, which was obtained by factor analysis method.

Results and Discussion: Calculation of 1QI and NQI indices showed that the topsoil samples were in grade
I11 and sublayer samples belonged to grade IV with major limitations due to lack of profile development, organic
carbon deficiency, salinity and high gravel. Four and six items out of 16 variables were identified effective for
topsoil and sublayers, respectively. The 1QI index based on TDS was more accurate and sensitive than the NQI
index for soil quality assessment, as more features are considered for TDS. In the IQI index, both the weight of
attributes and their scores are effective, while in the NQI index, only the attribute score is considered. On the
other hand, the coefficient of determination between the TDS and MDS for topsoil and sublayer samples was
0.55 and 0.56% for IQI model, respectively, and 0.48 and 0.16% for NQI model, respectively. In other words,
the determination coefficients showed the reliability of using the MDS instead of TDS in both IQI and NQI
models. In the MDS, mean weight diameter (MWD) showed the highest effect on the surface layer and
percentage of gravel had the greatest impact on the soil quality of the sublayer.

Conclusion: Although TDS took into account all soil properties and showed a slightly higher coefficient of
determinations with both soil quality indicators, the MDS obtained similar results to the TDS with only about
half of the properties. In the MDS, the features with an internal correlation is eliminated rendering it more cost
effective. The results of this study assist decision-makers to choose better quality management and soil
sustainability strategies while decreasing the monitoring cost.
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