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A b s t r a c t. The paper presents a comparison of particle size
distributions of 23 mineral soils from SE Poland obtained by the
laser diffraction and aerometric methods. There is good, statistically significant correlation between particle size distribution measured by aerometric and laser diffraction methods. The correlation is
better when the results are compared for the same type of soil and
for coarser fraction (sand).
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There are a number of papers describing comparisons of
the laser diffraction method with the pipette method (Arriga
et al., 2006; Beuselinck et al., 1998; Buurman et al., 2001;
Eshel et al., 2004; Konert and Vandenberghe, 1997; Loizeau
et al., 1994; Xu and Di Guida, 2003) but apart from a preliminary study (Ry¿ak et al., 2004) there is a lack of comparisons of the LDM with the areometric one. The aim of this paper is to fill this gap.

INTRODUCTION

MATERIAL AND METHODS

Particle size distribution (PSD) is one of the most important soil characteristics. Particle size distribution influences many soil properties ia pore distribution, gas exchange
and water retention (Walczak et al., 2004; Witkowska-Walczak
et al., 2002), water conductivity (S³awiñski et al., 2006), thermal
and sorption properties (Usowicz et al., 2008), and indirectly soil nutrification (W³odarczyk et al., 2008).
Particle size distribution is the proportional share of soil
particles of a given size. There are a lot of methods for the determination of soil PSD. Most of the commonly used ones
are based on Stoke law and they are called sedimentation
methods (Allen, 2003). The most popular in the world is the
pipette method, but in Poland for routine measurements the
areometric method is used (otherwise known as the Casagrande method) (Lovelland and Whalley, 2001; Mocek et
al., 2000).
The sedimentation methods are laborious and timeconsuming. This is why the soil scientists are looking for
new methods, reliable but fast and simple in execution. The
laser diffraction method (LDM) for particle size distribution
determination has aroused hope.

Twenty three samples from soils representative for the
south-east part of Poland were investigated. The soils were
selected on the basis of the bank of representative mineral
soils of Poland (Gliñski et al., 1991). The soil samples were
taken from the arable layer. Among those 23 soils, 8 samples
represented brown soils (Eutric Cambisols), 6 – chernozems
(Haplic Phaeozems), 5 – rendzinas (Calcaric Cambisols),
2 – grey- brown podzolic soils (Orthic Luvisols) and 1 black
earth (Mollic Gleysol). Air-dry soil samples were sieved on
2 mm sieves and were chemically dispersed using a solution
of sodium hexametaphosphate prior to the PSD measurements (ISO 11277, 1998).
The Mastersizer 2000 apparatus with Hydro MU attachment from the Malvern Company was used for the LDM.
Mastersizer 2000 is designed for standard determination of
grain size distribution of particles within the size range of
0.02 mm – 2 mm. It makes use of laser light scattered on measured particles and converts it into particle size distribution.
Water suspension of approx. 800 cm3 was prepared
using distilled water as the liquid phase. To improve the
credibility of results, the measurement procedure realized
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by the Mastersizer 2000 apparatus permits to eliminate the
so-called background particles contained in the liquid phase.
Measurements were made in three replications (a new
portion of air-dry soil poured into the measuring system
being treated as a replication). Calculations of PSD were
carried out using the Fraunhofer and Mie theories (in the
case of Mie theory the refractive index of 1.57 and absorption index of zero were used). The laser light wavelength in the apparatus was 466 nm for blue and 633 nm for
red light. Measurements (understood as averaging of 30 000
images of laser light diffraction recorded by the detectors)
lasted 60 s (30 s for blue and 30 s for red light) and were
carried out directly one by one.
The next algorithms were selected for measurements:
– general purpose analysis – calculation procedure recommended by the apparatus producer for objects with unknown properties or containing a large number of various
fractions;
– irregular shape ratio – although one of the assumptions of
the method is sphericity of particles, the producer has provided a module permitting greater accuracy of results
when the particles under study are not perfect spheres.
The speed of the stirrer and the pump integrated with it
was determined experimentally and fixed at 2 500 r.p.m. On
the one hand, this speed should protect the mixture against
the gravitation segregation of particles (speed not to slow)
and on the other hand against the formation of air bubbles in
the stirred mixture (speed not to fast).
Because the Mastersizer 2000 records the measured
data as raw results, there is a possibility to calculate the PSD
according to any given classification.

The amount of soil taken for measurement was dosed so
that the obscurance (taken as the degree of light obscuring by
the suspension analyzed) measured by the Mastersizer 2000
at the beginning of the measurement cycle was ca. 10%.
Measurements of particle size distribution with the Mastersizer 2000 apparatus can be realized when the degree of obscurance falls within the range of 10-20% (Malvern Operators Guide, 1999). At lower obscurance the quality of images
reproduced on the detectors is too weak, which causes a high
level of measurement uncertainty. At obscurance levels
above 20%, in turn, the laser light beam may be subject to
multiple reflections from successive soil particles, introducing errors in the results. In practice the mass of soil
samples was included in the range of 0.5 to a few grams.
There are a lot of classifications of the PSD of soils.
They have different sizes of individual fractions. The most
popular is the classification according to FAO. This classification for fractions < 2 mm was recognized by the Polish
Soil Science Society in 2008. The old Polish classification
(1989) date had been different. Both classifications are presented in Table 1. It was decided to present the results with reference to both classifications. The particle size distribution obtained by the areometric method was taken from the bank of
representative mineral soils of Poland (Gliñski et al., 1991).
RESULTS AND DISCUSSION

Comparison of results obtained with the two investigated methods for all soil samples is presented in Fig. 1.
Three distinct groups of data related to the soil fractions
(sand, silt and clay according to FAO classification) can be
seen in the graph. It can be concluded that these three
granulometric fractions should be considered separately.

T a b l e 1. Granulometric fraction ranges

Fraction/
subfraction

Sand
very coarse
coarse
medium
fine
very fine

Silt
coarse
fine
Clay
coarse silty
fine silty
colloidal

Grain diameter (mm)
PSSS (1989)

FAO

0.10-1.00
–
0.50-1.00
0.25-0.50
0.10-0.25
–

0.05-2.00

0.02-0.10
0.05-0.10
0.02-0.05

0.002-0.05
0.020-0.05
0.002-0.02

< 0.02
0.020-0.006
0.002-0.006
< 0.002

£ 0.002
–
–
–

1.00-2.00
0.50-1.00
0.25-0.50
0.10-0.25
0.05-0.10

Fig. 1. Comparison of fractions content for all soil samples. Result
obtained by LSM and areometric methods (¿ – clay, ¢ – silt, p –
sand).
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A comparison for three fraction participations (according to FAO classification) for all soil samples, as an example,
is presented in Fig. 2. The results presented in Fig. 2 were
calculated according to the Fraunhofer theory. Similar comparisons were carried out for the PSSS (1989) classification and for the Mie theory. A summary of the comparisons is presented in Table 2.
The basic parameter which allows to compare results
obtained with the two methods (areometric and LDM) is the
coefficient of determination, R2. For the comparison of the
two investigated methods for the Fraunhofer theory the
values of R2 were in the range:
– 0.75-0.85 (FAO classification),
– 0.77-0.96 (PSSS (1989) classification).
For the Mie theory R2 was nearly in the same ranges:
– 0.80-0.84 (FAO classification),
– 0.76-0.96 (PSSS (1989) classification).
These data can be summarised as follows:
– the selection of theory has practically no influence on the
coefficient of determination,
– the higher coefficients of determination were obtained for
the PSSS (1989) classification,
– generally, better correlation was found for the sand fraction
and poorer for silt (with the exception of coefficient of
determination obtained for the Mie theory and for FAO
classification).
The coefficient of determination value of the order of
80-90 is sufficient for most practical applications, for instance for the determination of soil category or for fertilizer
recommendations. It can be expected, however, that for individual types of soils the correlation can be higher. Because
among the investigated soils there were 8 brown soils the
comparison was carried out for them. A listing of the obtained equations and coefficients of determination is presented
in Table 3.
It can be stated that the coefficient of determination for
brown soils increased. In the case of using the Fraunhofer
theory, its values were in the range of 0.86-0.89 for FAO
classification and 0.90-0.99 for PSSS (1989) classification.
When the Mie theory was used the corresponding values
were nearly the same: 0.86-0.88 for FAO and 0.88 - 0.99 for
PSSS (1989) classification.
The poorer coefficients of determination for finer
fractions are in agreement with reports in literature (Taubner
et al., 2009).
Regardless of this observation, the correlation can be
improved when results for one type of soil are compared.
Thus, if someone wants to use such kind of equations in
practice the calibration for different types of soils should be
carried out and suitable equations worked out.

a

b

c

Fig. 2. Comparison of for three fraction participations (according
to FAO classification) for all soil samples. The results were
obtained by LDM and areometric method and calculated according
to the Fraunhofer theory.
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T a b l e 2. Specification of equations and coefficients of determination (R2) for three main fractions according to PSSS (1989) and FAO
classifications. The data were calculated based on the Mie and Fraunhofer theory. Equations were derived on the basis of measurements
carried out for all 23 soils. For the Mie theory the following coefficients were used: refractive – 1.57 and absorption – 0
Fraction (mm)

Fraunhofer

Mie

FAO classification

PSSS (1989) classification

Theory
Sand
1.0-0.1

Silt
0.1-0.02

Clay
<0.02

Sand
2-0.05

Silt
0.05-0.002

Clay
<0.002

y=0.72x-2.20
R2=0.96

y=0.67x+11.25
R2=0.87

y=0.72x+21.03
R2=0.77

y=1.12x-47.14
R2=0.82

y=1.40x+30.28
R2=0.85

y=0.36x-3.32
R2=0.75

y=0.76x-2.71
R2=0.96

y=0.76x+10.72
R2=0.88

y=0.67x+18.15
R2=0.76

y=1.15x-47.03
R2=0.80

y=1.55x+28.99
R2=0.84

y=0.13x+0.49
R2=0.83

T a b l e 3. Specification of equations and coefficients of determination (R2) for three main fractions according to PSSS (1989) and FAO
classifications. Equations were derived on the basis of measurements carried out for 8 brown soils
Fraction (mm)
PSSS (1989) classification

Theory

Fraunhofer

Mie

FAO classification

Sand
1.0-0.1

Silt
0.1-0.02

Clay
<0.02

Sand
2-0.05

Silt
0.05-0.002

Clay
<0.002

y=0.76x-0.59
R2=0.99

y=0.72x+10.62
R2=0.90

y=0.64x+18.41
R2=0.90

y=1.30x-57.96
R2=0.88

y=1.55x+25.14
R2=0.89

y=0.42x-2.62
R2=0.86

y=0.82x-1.35
R2=0.99

y=0.85x+8.62
R2=0.90

y=0.59x+15.20
R2=0.88

y=1.36x-60.03
R2=0.86

y=1.73x+23.00
R2=0.88

y=0.11x+0.44
R2=0.88

Explanations as on Table 2.
CONCLUSIONS

1. There is good, statistically significant correlation between particle size distribution measured by aerometric and
laser diffraction methods (the coefficient of determination is
of the order of 0.8-0.9).
2. The correlation is better for the coarser fraction (sand)
and poorer for the finer fraction (clay).
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