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4- Minimum data set (MDS)
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6- Soil physical quality index (SPQI)
7- Retention curve program
8- Sand box
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1- Total data set (TDS)
2- Scoring function

3- More is better

4- Less is better

5- Optimum
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7- Eigen vectors
8- Eigen values
9- Weighting
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1- Penetrometer

2- Pore size distribution (PSD)

3- Least limiting water range (LLWR)
4- Integral water capacity (IWC)

5- Integral energy (EI)

6- Principal component (PC)
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Table 1- Principle component analysis using correlation matrix
PC1 PC2 PC3 PC4 PC5 PC6

(Eigen Value) o} e 13.025 7.417 4.883 3.261 1.683 1.053
(Percent) as» 37.214 21.190 13.950 9.318 4.808 3.009
(Cum Percent) ez 1oy 37.214 58.404 72.354 81.672 86.480 89.489

(Soil Physical Properties) S5 5.8 sla Sig (Eigen Vectors) s34 )5,
(Db) ol jogase py> 0.012 0.118 -0.363 0.064 0.232 -0.005
(VC Sand) sy s o 0.101 0.213 0.229 -0.126 0.035 -0.194
(C sand) ey o 0.198 0.208 0.110 -0.027 0.016 -0.059
(M Sand) Lewgio oy 0.233 0.120 -0.087 0.144 0.041 0.100
(F Sand) ;, o5 0.231 0.067 -0.139 0.163 0.023 0.118
(VF Sand) ;) L3 oy 0.202 -0.010 -0.181 0.135 -0.095 0.230
(Sand) 0.247 0.126 -0.063 0.109 0.011 0.081
(Silt) s -0.228 -0.116 0.102 -0.148 -0.107 0.021
(Clay) », -0.219 -0.111 -0.008 -0.028 0.132 -0.211
(OC) J1 o8 -0.176 -0.012 0.126 0.135 -0.505 0.018
(SI) sbsls )yl Lasls -0.079 0.057 0.134 0.198 -0.603 0.086
(MWD) &hS's jhd 3jg 55k -0.122 -0.180 0.010 -0.015 0.218 0.104
(Sgi) S J=sls 0.186 -0.242 0.041 0.083 -0.104 0.015
(PORY) JS' Jsddsss -0.003 -0.143 0.377 -0.067 -0.004 0.161
(PORp) ey délie Jslss 0.083 0.193 0.298 -0.160 0.099 0.182
(PORm) 3, déle Jslss -0.086 -0.306 0.043 0.106 -0.136 -0.067
(ACT) S ol isloes 0.212 -0.110 0.243 -0.036 0.042 -0.091
(ACm) 3, Bl oloa yiloud 0.182 -0.245 0.088 0.060 -0.034 -0.216
(D median) 3l o ailo 0.225 0.130 0.127 -0.058 -0.066 0.073
(D mode) 38l ylaé Ao 0.135 0.235 0.173 -0.132 -0.015 0.153
(D mean) délie jhad - Silo 0.262 0.027 0.022 0.025 -0.112 -0.049
(SD) 3o Jas asj5 ylumacdl ol -0.157 0.252 -0.024 -0.025 -0.071 -0.279
(Skewness) Jélis s g5 (SauiS 0.192 -0.192 -0.170 0.101 -0.102 -0.112
(KUrtosis) ke s 555 sl 3l 0.104 -0.219 0.086 -0.032 0.077 0.111
(RFC) (oo 4230 b s -0.243 0.091 -0.169 0.024 -0.041 0.123
(PAWi100) Y-+ oslizul o8 I -0.074 -0.311 -0.037 0.042 0.072 0.080
(PAWS330) ¥¥+ salil 6 -0.237 0.029 -0.037 -0.013 0.030 0.425
(LLWR100) Y+ + codgiome Jilis b gy asels -0.027 -0.187 0.056 0.407 0.198 -0.104
(LLWRS330) ¥+ codgisme J8lis b gl il -0.189 0.105 0.058 0.299 0.131 0.265
(IWC) ol J,Ssl yiolS 0.087 -0.143 0.309 0.206 0.173 0.165
(E1 PAW100) V- ool 5 I LS5l 65, -0.210 0.147 0.159 -0.104 0.090 0.123
(E1 PAWa30) ¥Y+ ool 6 I LS5l 65, -0.094 -0.095 0.288 -0.106 0.186 -0.224

(E1 LLWR100) V- + cozgioms Jilis b iogh, atels S5l 65,1 -0.077 0.201 0.164 0.371 0.095 -0.022
(E1 LLWR330) Y%+ cysgime Jilis | oogh, aiels S5l 65,1 -0.007 0.118 0.204 0.437 0.101 -0.164
(E1IWC) i JI,55l LtsbeS S5l 5, -0.168 0.202 0.031 0.289 0.049 -0.084
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Table 2- Correlation coefficients of selected variables in PC1, PC2, PC3 and PC4 and related principal components
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Sand 1
D mean 0.84™ 1
RFC -0.63"  -0.81" 1
PAWS330 0.70" -0.83" 085" 1
PC1 089™ 094" 088" -085" 1
PORm 1
PAWi00 0.69™ 1
PC2 -0.83™" -085" 1
Do 1
PORt 087" 1
PC3 -0.80" 083" 1
LLWR100 1
El LLWR330 050" 1
PC4 0.73" 079" 1
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**: significant (P < 0.01), *: significant (P < 0.05), ": non-significant
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Table 3- The variables of minimum data set using principle component analysis
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(PC) Selected variable Unit Max Min Mean
(PC1) s alse (D mean) 38lie by, Sile pm 25.1 05 6.5
(PC2) 293 ailye (PAW100) V- -+ oslizul o cm3 cm’® 0.23 0.12 0.20
(PC3) pouw ailso (PORT) Js Jsdss cm? cm'3 0.51 040 0.6
(PC4) ¢ e 4ilse (EI LLWRs30) ¥Y+ codgize Jolas b gb, ately IS5l 550 T kg? 270 47 184
(PC5) pox; adlge (SI) whbSls gyl jasls % 2.61 0.76  1.30
(PCB) i ailso (PAWS330) ¥¥+ oolazl L cm3 cm? 0.20 0.10 0.16
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Table 4- The variable weights of minimum data set using principle component analysis

kol adlze S o L SIS}
(PC) Selected variable Percent Weight
(PC1) Jgl adlge (D mean) ke jhd Sle 0.37 0.41
(PC2) pg> ailhe (PAWI100) V- + odlazl B I 0.21 0.23
(PC3) pow ailye (PORY) Js Jsss 0.14 0.16

(PC4) ¢ ke 4ilze (El LLWRs30) YY+ codgime J8lus b ugby aneby K5l 65,5 0.09 0.10

(PC5) oy adlye (SI) b olub jasls 0.05 0.06
(PCB) s ail3o (PAWs30) v+ sslil L5 0.03 0.04
(Sum) ggexxe 0.89 1
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Figure 1- Scoring functions of selected variables (Range: 0-1)
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Table 5- Calculation of the selected variables scores using two linear methods and three types of scoring functions

&6 gy Sl
e SN Score
Selected variable Sco_ring Range: 0.1-1 Range: 0 -1
function type
D mean < 0.7 pm D mean < 0.7 um
. _ Smemn = Ml 4 (X — 0.520 /{070 — 0.520) + 0.3 Smemn = o0y — 0520 /(070 — 0520
Lo ylad (5SSl ke 07 <D an <2 um 0.7 <D man <2
(D mean) (Optimum) b m_ea:_; E . D méan__; 2 um
e = 1= _ - 2/(25.14 - 2]+ 09 e = L= (N — 20/(25,14 - 20
\~~o.)l.6.’.'w‘&l§g] W‘W A o . . i
(More is Spanana= B+ (o oo — B130,/00.23 — 01300 = 0.3 Fpawiee= Kpawrae — 013170023 - 0.13)
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(PORT) JS' Jsddsos (More is Spon = 14 (0¥, o — 04007051 — 0.400) « 03 Spon = (Kpog— 0400 /(0L — 0400
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aels JSal g5 i gieS
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(El LLWRs30) ¥+ better)
BBl o= More is 5= 01 + (Ug — 076) /(261 — 076 =0.9 520 = Uy, — 076)/(261 - 0.76)
(SN better)
T oslial L6 (More is Spawzza= ML+ (K opazo— 0100700020 — 01000 + 0. Spawsze= Koz — 010070020 — 0,100
(PAW330) better)
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Table 6- Soil physical quality index values of studied soils
‘5§°_5L3“' o9 Range: 0.1-1 Range: 0 -1
Scoring method
) Ojs 09 Poss Ol 09 Pojs
Weighting Unweighted Weighted Unweighted Weighted
(Max) sl 0.78 0.84 0.75 0.82
(Min) sl 0.28 0.21 0.20 0.12
(Mean) (Sl 0.58 0.67 0.54 0.64
(Range) ol s acl> 0.50 0.63 0.55 0.70
(Sensitivity) cowlus co o 2.87 4 3.75 6.83
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Introduction: Soil quality can be considered as a comprehensive index for sustainable land management
assessment. Studying the most important soil physical properties and combining them as an index of soil
physical quality (SPQI) could be used as an appropriate criteria for evaluating and monitoring soil physical
changes. In this regard, this study was conducted to determine the most important soil physical properties and
calculate the SPQI of medium to coarse-textured soils of Khorasan-Razavi province.

Materials and Methods: Torogh Agricultural and Natural Resources Research and Education Station of
Khorasan-Razavi province is located in south-east of Mashhad city (59° 37' 33"-59° 39' 10" E, 36° 12' 31"-36°
13' 56" N). Soil texture variability in this research station is one of its outstanding features. The soil textures are
classified into loam, silt loam, silty clay loam, clay loam, and sandy loam. More than 90% of agricultural soils in
Khorasan-Razavi province are classified in these five texture classes. Using the available data, 30 points with
different soil textures and OC contents were selected. The soil samples were collected from 0-30 cm soil depth at
each point. Intact soil cores (5 cm diameter by 5.3 cm length) were used for sandbox measurements, and
disturbed soil samples were used to determine other properties. Required laboratory analysis and field
measurements were conducted using standard methods. In this research, 35 soil physical properties as total data
set (TDS) including: soil moisture release curve (SMRC) parameters, particle size distribution and five size
classes of sand particles, soil bulk and particle density, dry aggregates mean weight diameter (MWD) and
stability index (SI), S-index, soil porosity and air capacity, location and shape parameters of soil pore size
distribution (SPSD) curves, relative field capacity (RFC), plant available water measured in matric pressure
heads of 100 and 330 hPa for the field capacity (PAW10 and PAW330), least limiting water range measured in
matric pressure heads of 100 and 330 hPa for the field capacity (LLWR10 and LLWR330), integral water capacity
(IWC) and integral energy (EI) of different soil water ranges were measured and calculated for 30 soil samples.
The most important soil physical properties were selected using principal component analysis (PCA) method by
JMP (9.02) software. Selected physical properties as minimum data set (MDS) were weighted and scored using
PCA results and scoring functions, respectively. In this study, three types of linear scoring functions were used.
The soil physical quality index (SPQI) was calculated by two scoring and two weighting methods for each soil
sample and the differences between these four SPQIs were tested by sensitivity index.

Results and Discussion: Principal component analysis results showed that among 35 soil physical properties
(TDS) which were studied at this research, six properties of mean pore diameter (dmean), PAWiqo, total porosity
(PORY), EI LLWRs30, SI and PAW33, accounted for about 90% of the variance between soil samples. Weight of
the selected properties (MDS) was calculated by the ratio of variation in the data set explained by the PC that
contributed the selected property to the total percentage of variation explained by all PCs with eigenvalue > 1. In
this research, the parameters of PAW,q, total porosity (PORy), SI and PAWSs3 were scored using scoring
function of more is better, EI LLWR330 was scored using scoring function of less is better and dmean Was scored
using scoring function of optimum by two scoring methods with score ranges of 0.1-1 and 0-1. Considering
unweighted and weighted MDS and two ranges of scores, four SPQIls were calculated for each soil sample. The
results showed that SPQIs which were calculated by the MDS derived from PCA method and scoring weighted
MDS at the range of 0-1, had the highest sensitivity index and could represent the differences between the
studied soil samples better than other SPQIs. By this method, maximum and minimum SPQI values for the
studied soils were 0.82 and 0.12, respectively. SPQI is a relative comparison criterion to quantify the soil
physical quality which could be applied only for the studied soils with specific characteristics.

Conclusion: The results of this research showed that minimum data set (MDS) explained about 90% of the
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variance between soil samples. Combining MDS into a numerical value called soil physical quality index (SPQI)
could be used as a physical comparison criterion for the studied soils. From the SPQI based on the MDS

indicator method, soil quality was evaluated quantitatively. Soil samples with grade 1, II, 1ll, and IV accounted
for 10%, 36.7%, 30%, and 23.3% of the soil samples, respectively.

Keywords: Minimum data set, Principal component analysis, Soil quality index



