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Evaluating the minimum data set determination to assess saline-sodic soil
quality
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Abstract

Soil quality assessment is very important for studying the condition of all lands. Therefore, numerous
methods have been proposed to achieve this objective. However, given the vast amount of data involved,
there has long been a need for an approach that can effectively explain the desired outcome using a smaller
dataset. The use of minimum data sets (MDS) is one of these methods. In this study, 24 different soil
attributes, including physical, chemical, and heavy element properties, were analyzed in 80 soil samples
from saline-sodic soils on the margins of Lake Urmia to determine the MDS approach using principal
component analysis (PCA). The results revealed that eight indicators had eigenvalues greater than one.
These indicators, identified as the MDS, were soil electrical conductivity, organic carbon, total Pb, bulk
density, silt and clay, total Cd, and calcium carbonate equivalent, and together they accounted for over 78%
of the total variance. Among the eight indicators, Pb and Cd had the lowest weights, suggesting the least
influence on the soil quality index. Conversely, organic carbon and clay had the highest weights,
highlighting their key role in determining the soil quality index for the study region. The coefficients of
determination (R2) between the TDS and MDS datasets were 0.54 for the linear model and 0.64 for the
nonlinear model, indicating that the MDS can reliably replace the TDS for soil quality assessment.
Additionally, the higher R? value of the nonlinear model suggests its greater efficiency in evaluating soil
guality in the study area.
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Table 1. statistical characteristics of the main soil properties in the study area

(1985

Sand
Silt
Clay
BD

pH

EC
socC
CaCOs
ACC
CEC
Total N

SAR
ESP
MCR
SSI
Cd
Cu
Pb
Zn
Ni
Fe
Mn

Unit
%
%
%

g/cm3

dS/m
%
%

%
cmol/kg
%
mag/kg
ma/kg

%

%

%
mag/kg
mag/kg
mag/kg
ma/kg
ma/kg
ma/kg
mag/kg

Minimum
3.15
4.15

8.4
1.42
7.14

6

0.2

5.5
1.52

11.69
0.04
4.25
130.83
34.12
3291
1.33
0.65
0.327
13.15
12.104
20.266
29.45
19075
306

Maximum

83.15
74.15
50.2
1.52
8.54
159
0.94
35
3.23
29.77
0.16
62
208.17
168.83
101.89
8.74
4.98
3.243
36.825
31.988
114.375
96.425
22400
770.5

Mean

38.896
41.944
19.16
1.45
7.6
66.075
0.545
13.921
2.049
16.562
0.09
6.901
165.402
103.805
63.624
3.673
1.767
1.801
22.067
18.161
52.765
39.606
20884.439
435.543

Std. Deviation

19.78
16.87
9.79
0.02
0.31
56.36
0.14
6.42
0.36
4.07
0.02
6.28
19.49
43.14
13.32
1.72
0.91
0.75
5.85
4.06
23.46
10.55
715.54
85.47

Ccv

50.85
40.22
511
1.38
4.08
85.3
25.69
46.12
17.57
24.57
22.22
91
11.78
41.56
20.94
46.83
515
41.64
26.51
22.36
44.46
26.64
3.43
19.62

JS Jolas mendS” iy ,51CACO3 ¢ S, 58Ul culan EC (S agopw PH (5 :Sand cedew Silt (o) Clay: 51 o le oo soliul o5¥e
i SAR JS 39505 N Qi BB i P i B el 1K (GaslS Jols s b :CEC (s1s- JT 5 :SOC (et Sa:ACC

(o :CU“A%.AQ[S Cd.s1= Solwb arls: SSI cus C)Lc‘ Oy S :MCR (5o pgase o> :BD ‘GJQL,S TS VRV SR ESP (o i

e :Mn ‘Q.mT Fe JSs Ni «89, :Zn@ﬂ Pb
The abbreviations used are as follows: Clay, Silt, Sand, pH (soil acidity), EC (electrical conductivity), CaCOs (total
equivalent calcium carbonate), ACC (active lime), SOC (soil organic carbon), CEC (cation exchange capacity), K
(available potassium), P (available phosphorus), N (total nitrogen), SAR (sodium adsorption ratio), ESP
(exchangeable sodium percentage), BD (bulk density), MCR (modified clay ratio), SSI (soil stability index), Cd
(cadmium), Cu (copper), Pb (lead), Zn (zinc), Ni (nickel), Fe (iron), and Mn (manganese).
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Table 2. Results of Principal Component Analysis (PCA) for the studied soil properties

PC PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
Eigenvalue 5.024 3.586 2.39 1.944 1.858 1513 1.435 1.039
(Eg‘”ance 20935  14.941 9.958 8.099 7.741 6.303 5.981 433
Cumulative Variance (%) 20935 35876 45834 53933 61674 67977 73958  78.288
Loading

Sand 0.878  -0.043 -0.433 -0.027 -0.092 -0.044 0.038 -0.038
silt 0.953 0.124 -0.055 0 0.133 0.038 -0.054 0.038
Clay 0132  -0.126 0.971 0.055 -0.043 0.023 0.016 0.011
BD 0151  0.017 -0.043 0.149 0.128 0.23 0.746 -0.165
pH 0344  -0.122 -0.04 -0.432 -0.177 0.228 -0.425 -0.274
EC 0.318 0.767 -0.194 -0.301 0.068 0.044 0.242 -0.005
soc 0.063 0.056 -0.068 0.013 0.975 -0.032 0.028 -0.056
CaCOs -0.012 -0.2 0.049 0.938 -0.054 -0.008 -0.002 0.055
ACC 0013 -0.201 0.049 0.938 -0.055 -0.006 -0.002 0.053
CEC 0.2 -0.104 0.963 0.064 -0.035 0.023 0.009 -0.005
Total N 0.023 0.078 -0.03 -0.072 0.974 0.015 0.045 -0.021
p 0045  -0.009 0.074 -0.165 -0.067 -0.198 0.668 0.132
K -0.044 0183 0.082 0.322 0.045 -0.222 -0.099 -0.256
SAR 0.381 0.735 -0.222 -0.279 0.078 0.04 0.298 -0.105
ESP 0.408 0.629 -0.252 -0.239 0.072 0.083 0.258 -0.189
MCR 0.648 0.197 -0.635 -0.096 0.152 0.04 -0.037 0.042
ssl -0.78 -0.105 -0.345 -0.019 0.38 -0.083 -0.064 -0.117
cd 0.05 -0.024 0.004 0.131 -0.084 0.073 -0.026 0.684
Cu 0151  0.396 0.082 -0.086 -0.118 0.615 -0.145 0.142
Pb 0.01 0 -0.065 0.006 -0.002 0.745 0.015 0.306
Zn 0.122 0.474 -0.057 -0.186 0.131 0.426 0.013 0523
Ni 0.018 -0.51 0.244 -0.156 -0.008 0.184 0.218 0.392
Fe 0084  -0.785 -0.049 0 -0.044 0.045 0.21 -0.132
Mn 0289  -0.242 0.109 -0.048 0.049 0.721 0.033 -0.22

s ools JBla> dcgaze sl ol slo Fhg odims Lis ouds a5 polas

adlge jo 9 2> JB jaud 5 ool pgate py iie
aS Ll 5l aogr o9 Uiyl eVl s pamesls piia
wiblo Y ohag (o3, adlge (S 50 (Shy SOl i
shls Gla S5y 5 (owyp Loasls Gl G (S
59 5 2l badlie 5l alas” o 10 il )l oo op i
e olawi ol po s S L8 eeols J8las atws
v o oy oS Jolae ST Sl S oedlS Jols (S
Olye 4 EC 5 el ( JI (0 50l pgass o>

AY

o3 VA 5l Gis (Shg Culd el oo 0anlive a5 455Klen
ol ey Al e 0 W g wiS e e 1) bl
(MDS) dcgoze b DLl YU (ole )b g (339 b sla S
a5 code slaadlse )0l alS o Shg ol 5 JoSas
Py adlge o Silt ssand s S5g Jsl addie o ol 4
o,z adso ;o CEC sclay sy adlge o EC gFe SAR
ailge 5 1 Jlsb el S S 5 IS Jolao S’ i
ailge ) vy i adlse ;o (JS D3l g T 08 ey



ools Jlas acgasre pusss gst.{})‘

P SE caS oS b asls w)).g”.lé;.an\.g.(2013
VY o 5l PCA i,y 5l eolaiwl b oy iz aes 3blie
Fd & 35555 S (S s de S aslllae 390 (s
MDS acgame plyie ar |y JI(n)S s IS 50

25,5 ol

ool g 5 was okl eols Blas> acgese
Jilas a5 g0 40 winiise (Karlen & Andrews 2001)
SE cuaS jarls il ails 5929 MDS o sl )l
o it gyae B ol J5i8 1B b o il oo
Yaoetal,) ;5o g 952955 )8 ()2 5 (2b3,l 0590

MDSg TDS (sl sig; 50 S (Shg 039 9 S Fudo (uili)lg =¥ Jgux
Table 3. Community and weighting of each soil indicator in the TDS and MDS approaches

TDS (weight) community MDS (weight)
Sand 0.0519 0.975
Silt 0.0506 0.95 0.1448
Clay 0.0522 0.981 0.1495
BD 0.0373 0.7 0.1067
pH 0.0352 0.661
EC 0.0469 0.882 0.1344
SoC 0.0515 0.967 0.1473
CaCo3 0.0494 0.929 0.1416
ACC 0.0494 0.929
CEC 0.0524 0.984
Total N 0.0513 0.964
P 0.0289 0.543
K 0.0145 0.273
SAR 0.0490 0.92
ESP 0.0424 0.797
MCR 0.0478 0.899
SSi 0.0483 0.908
Cd 0.0267 0.501 0.0763
Cu 0.0334 0.627
Pb 0.0348 0.653 0.0995
Zn 0.0399 0.749
Ni 0.0308 0.579
Fe 0.0368 0.692
Mn 0.0387 0.727
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Figure 3. Weighting of the MDS parameters and their percentage contribution on the soil quality index
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Figure 4. Relationship between the TDS and MDS approaches based on linear and nonlinear models
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