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The purpose of our study has been on one side that of elaborating an 
index of soil quality, that would take into account, respecting the present 
definition of the concept, only the intrinsic soil parameters, and on the other 
side reducing the complexity of the present evaluation systems. The purpose 
of such an index is mainly to offer useful information, in short time and with 
reduced costs. The idea was applied to a test area – the hydrographic basin 
of Horoiata river from Tutova Hills. 

Key words: soil quality, index, Principal Component Analysis 

The evaluation of soil quality is needed in monitoring the long term effects 
of agricultural practices; the evaluation of the economic impact of the practices that 
wish to improve soil quality, of the politics that approach factors that affect soil 
quality; the improvement of soil economic evaluations. Soil evaluation systems 
differ greatly, according to the study purpose and scale, as well as to the 
characteristics of the system itself [3]. 

The discussions regarding soil degradation and the necessity of remediation 
strongly request the determination of soil quality indices. Indices condense the 
enormous complexity of soil, yet they won’t offer a complete image of the system. 
Thus, these indices should approach the most relevant threats to soil from a certain 
context, and should make reference to the limits specific to their degradation. 

The selection criteria should include a series of aspects (sensibility, 
significance, measurement efficiency, scientific validity). Despite some attempts 
on integrating these in a unique formula, there is no systematic process that assures 
an objective selection of the parameters that can be used in evaluating soil quality. 

MATERIAL AND METHOD 
The parameters used in soil analysis are quite many. More, the present systems 

of soil quality evaluation are in fact land quality evaluation systems, which take into 
consideration terrain or climatic attributes. This is why our idea was to create a soil 
quality index that would analyze soils based only on their properties, and would also 
simplify the evaluation process. Ideally it would be that these simplified indices be used 
by the final users - farmers. 

We had to find first a method of reducing the number of indicators taken into 
account. For this we appealed at Principal Component Analysis, recommended by 
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several authors [1, 2, 4]. The main applications of the factorial techniques are reducing 
the number of variables and detecting the relations between them. Thus, if we have a 
high correlation between two variables, we may conclude that they are redundant. If we 
define a variable that would approximate the regression line between them, it would 
capture the essence of the first two variables. The scores of the variables linked to the 
new factor, represented by the regression line, may be used to represent the essence 
of the two variables. If we extend this principle to multiple variables, the calculations will 
be more difficult, but the basic principle will be the same. After we extracted the first 
factor, we continue to define another line, which maximizes the left variability, and so 
on. As we extract consecutive factors, they explain less and less variation (table 1). 

 
Table 1 

The variance extracted by the first 10 factors extracted by PCA 

No Eigenvalues Total variance Cumulative 
eigenvalues 

Cumulative 
variance 

1 16,79 50,88 16,79 50,88 
2 6,30 19,11 23,09 69,99 
3 2,33 7,07 25,43 77,06 
4 1,57 4,77 27,01 81,84 
5 1,49 4,53 28,50 86,38 
6 1,19 3,62 29,70 90,00 
7 0,70 2,13 30,40 92,14 
8 0,56 1,70 30,97 93,84 
9 0,51 1,55 31,48 95,40 
10 0,40 1,23 31,89 96,64 

 
After we have measured how much variance each factor extracts, we may think 

at how many to retain. 
 

Valorile proprii ale matricei de corelatii

  50,88%

  19,11%

   7,08%
   4,78%

-5 0 5 10 15 20 25 30 35 40
Componentii principali

-2

0

2

4

6

8

10

12

14

16

18

20

Va
lo

ar
ea

 p
ro

pr
ie

 

Proiectii ale variabilelor  in plan - fac tor (1x 2)

 pH

 CaCO3

 Corg MO
Azot

 P2O5

 K2O

 NG
 NF

 P

 A
 AF

 NT

 BD

 IFC

 CHCP

 PD

 PU

 PI
 CC

 CT

 CO

 CU

 CD
 PA

 PMN

 GT

 PT
Crise

Fis

 Erod

Ks

-1,0 -0,5 0,0 0,5 1,0

Factor 1 : 50,88%

-1,0

-0,5

0,0

0,5

1,0

Fa
ct

or
 2

 : 1
9,

11
%

 
Figure 1 Eigenvalues of the correlation 

matrix – the Catell test 
Figure 2 Plan rotation of factor I in 

relation to factor II 
 

Cattell suggests finding the breaking point where the slow decrease in 
eigenvalues seems to uniform towards the right part of the graphic. According to this 
criterion, we should retain only three factors (fig. 1). From table 2, we see that the first 
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factor is more strongly correlated with the variables than the second,. If we would retain 
all the factors with eigenvalues larger than 1 (the Kaiser test), than we should retain 
most of the variables introduced in the analysis (table 2). 

Applying a varimax rotation of the axes, the situation becomes clearer. As it was 
expected, the first factor is marked by high loadings on some attributes, and the 
following ones on other. Only the fourth factor, as indicated by the analysis, is not 
clearly explained by any variable. Thus, we chose not to take it into account. In 
conclusion, soil quality is made up of five aspects, which explain 83% of the variation.  

 
Table 2 

Factor loadings after the Varimax rotation 

 1 2 3 4 5 6 
pH 0,16 -0,05 0,08 -0,03 0,84 0,23 
CaCO3 0,06 0,04 -0,02 0,07 0,90 -0,03 
Organic carbon (Corg) 0,22 0,45 0,73 0,00 -0,05 0,16 
Organic matter (MO) 0,10 0,19 0,80 0,28 0,02 0,14 
Nitrogen (N) 0,04 0,45 0,76 -0,09 -0,01 0,07 
P2O5 0,13 -0,12 0,03 0,03 0,05 0,83 
K2O 0,35 0,10 0,20 -0,10 0,21 0,68 
Coarse sand (NG) -0,40 -0,26 -0,13 -0,68 -0,13 0,26 
Fine sand (NF) -0,28 -0,80 -0,04 0,33 0,06 -0,21 
Silt (P) -0,58 0,72 0,08 0,00 0,00 -0,18 
Clay (A) 0,92 0,32 0,06 0,18 0,05 0,12 
Physical clay (AF) 0,87 0,37 0,10 0,18 0,03 0,14 
Bulk density (BD) -0,92 -0,31 -0,07 -0,19 -0,06 -0,11 
Drainage porosity (PD) 0,89 -0,35 -0,12 -0,17 0,08 0,14 
Useful porosity (PU) 0,56 0,65 0,33 0,03 0,10 -0,21 
Field capacity (CC) 0,42 0,79 0,26 0,35 0,02 0,00 
Total water capacity (CT) 0,94 0,28 0,14 0,02 0,08 0,05 
Wilting coefficient (CO) 0,60 0,67 0,22 0,32 0,02 0,08 
Available water capacity (CU) -0,07 0,83 0,29 0,34 -0,01 -0,17 
Drainage capacity (CD) 0,94 -0,15 0,01 -0,21 0,09 0,07 
Air porosity (PA) 0,76 -0,16 -0,17 -0,52 0,04 -0,02 
Compaction degree (GT) -0,91 -0,31 -0,06 -0,22 -0,06 -0,13 
Total porosity (PT) 0,92 0,31 0,07 0,19 0,06 0,11 
Capillary rise (caprise) 0,83 0,25 -0,11 0,30 0,07 0,04 
Erodability (erod) -0,31 -0,30 -0,47 -0,57 0,01 -0,27 
Hydraulic conductivity (Ks) 0,83 -0,34 -0,25 0,12 0,01 0,24 
Eigenvalues 13,80 6,52 3,26 2,49 1,67 1,96 
Explained variance 0,42 0,20 0,10 0,08 0,05 0,06 
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Figure 3 The participation of the attributes to the six extracted factors (sum of variable 

saturation) 
 
A second method used by some authors for further reducing the number of 

indicators [1] is that of correlation coefficients between the attributes that condition the 
same factor (fig. 4). 
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Figure 4 Examples of correlations used in eliminating attributes 

 
The advantage of the Varimax rotation is visible in the classification of the 

factors. Thus we may see that the first factor is mainly dependent on the fine fraction of 
grain-size composition, and the second on the medium-coarse one (silt - sand). The 
third factor is conditioned by the organic carbon content; the fourth is given by soil 
reaction, while the last depends of the phosphorous content. Thus we may say that 
these five components extracted by the factors are in fact soil quality components. 

Analyzing the correlations between the variables, we have selected one 
representative attribute for each factor, these being the clay, fine sand, organic carbon 
contents, pH and the mobile phosphorous content. 

Scoring the selected parameters 
After selecting the parameters that will be used in elaborating the soil quality 

index, the next step has been their transformation into scores, values between 0 and 1. 
This step is needed so as the results of the index combination methods to have values 
between 1 and 5, 10 or 100, making them easier to interpret. 

The method used was that of the scoring factors, functions linked to the 
influence of the attribute on soil quality. In this way, in the case of organic carbon we 
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used a „more is better” function, in the case of clay, fine sand and pH the functions 
have been Gaussian, the optimum values being the medium ones. In the case of P2O5, 
we used the scoring function elaborated by [4], which takes into account not only the 
influence on productivity, but also the pollution risk (according to three slope classes).  

RESULTS AND DISCUSSIONS 
The third step was represented by the proper elaboration of the soil quality 

index, by combining the scores of the five selected attributes. The simplest 
methods adopted by different authors are the additive, multiplicative and weighted 
ones. As it was expected, from the selected factors, some are more important than 
others. Some authors [1, 2] showed that additive models are useful in evaluating 
soil quality, in spite of their sensibility to the unitary values of the parameters. 

We have applied all three methods: additive, multiplicative and weighted 
(applied to the additive model). So as to weight the index, we have chosen as 
weighting factors two alternatives: the initial variance of the factor (separated 
through PCA), and the variance explained by the factors after the Varimax rotation, 
which have relatively similar distributions (table 3). 

Table 3
Values of the weighting factors 

 A NF Corg pH P2O5 
Variance explained by factor 50.88 19.11 7.07 4.53 3.62
% 59.71 22.43 8.30 5.32 4.25
Variance explained after Varimax  13.8 6.52 3.26 1.67 1.96
% 50.72 23.96 11.98 6.14 7.20

 
Analyzing the mean, maximum and minimum values, as well as the standard 

deviation, we noticed that the multiplicative method detaches itself, its application 
not being justified. A second aspect is related to the similarity between the additive 
and the weighted additive methods, which give almost identical results, somehow 
confirming the validity of the method. The only difference is the mode of 
expressing the results (values between 1 and 5 in the first case or between 1 and 
100 in the second). 

Table 4 
Values of soil quality indices  

 Additive Multiplicative Varimax weighted Factor weighted 
Max 4,55 0,55 97,62 97,24 
Min 1,76 0,00 17,89 21,48 
Med 3,19 0,09 70,63 69,62 
St dev 0,58 0,10 15,03 16,40 
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CONCLUSIONS 
In the end, we chose to use for later representations the additive model 

weighted using the variance explained by factors after the Varimax rotation, 
because of the more easily classifiable values. In this case our soil quality index 
takes the form: pHOPCorgNFASQI 14.620.798.1196.2372.50 52  . 

Analyzing the statistical parameters of the soil quality index for the soil 
classes in the basin, we notice some predictable aspects, but also some small 
„anomalies”.  
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Figure 5 Statistical values of the soil quality index computed on soil classes 

 
From figure 5 we may see that the values of soil quality computed according 

to our index are “normal” (knowing the situation in Horoiata basin). Thus, most 
soil classes have medium values of soil quality (scores between 60 and 80). The 
“best” soils are the Chernozems, as it was expected, followed by Luvisols, 
Antrosols and Preluvosols (entic Luvisols, WRB). The soils with lower medium 
values of soil quality are the Aluviosols (Fluvisols, WRB) and the Gleiosols. 
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