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ABSTRACT
In this research we present the first results how can be used laser diffraction measurement in soil physics 
practice. The main goals are understanding differences of particle size distribution (PSD) measurments, 
developing converting methods of PSD data of different determinations. In order to realization of this survey 
a representative soil database of Hungarian soil types was built up. We compared PSDs of 157 soil samples 
measured with sieve-pipette method (SPM) and laser diffractometer technique (Malvern Mastersizer 2000) 
(LDM). Soil textural classes were also determined using the USDA texture triangle.
We used the clay/silt fraction boundary values (clay < 0.0066 mm; silt: 0.0066 -  0.05 mm) introduced for the 
LDM data in order to take them comparable to PSD data determined by the SPM: We got higher similarities 
of clay and silt fractions of the modified size boundary values. For the used dataset correspondence of texture 
classes derived from SPM and LDM PSD data, however is not higher than 60%.
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INTRODUCTION

Particle size distribution (PSD) is one of the main soil physical properties. It determines 
many other characteristics, such as water retention, hydraulic conductivity, pore size 
distribution, aggregate stability, Atterberg limits, microbial activity, as well (e.g. WÖSTEN 
ET AL., 2001; L a m o r sk i et  a l ., 2014).
Measuring the sand, silt and clay fractions can be done by different methods, like sieving 
(mainly sand size particles), sedimentation (with hydrometer or pipette methods), or with 
laser diffractometer method (LDM) (Ko n e r t  a n d  V a n d e n b e r g h e , 1997; R y za k  a n d  
B ie g a n o w sk i, 2010; La m o r k si et a l ., 2014). LDM is becoming more often used in soil 
science, but its application has not yet replaced the labour-intensive pipette or hydrometer 
procedures. In PSD determining methods different pre-treatments are used for removing 
the cementing and flocculating agents -  such as calcium carbonate, organic matter, iron 
oxides. Different pre-treatments may produce different PSD data (R y z a k  a n d  
B ie g a n o w sk i, 2010; M a k ö  et  a l ., 2014a,b). Different PSD standards use different 
particle size limit (N em es e t  a l ., 1999) which can also cause diverse results (K o n e r t  a n d  
V a n d en b er g h e , 1997; N em es and  Ra w l s , 2006). LDM usually measures (under­
estimates) smaller clay fraction values than the conventional methods (KONERT AND 
V a n d en b er g h e , 1997; P o la k o w sk i et a l ., 2014).
There are intentions all around the world to harmonize the PSD data by the LDM 
measurements to that of the sedimentation techniques (pipette or hydrometer methods). 
Unfortunately, up to the applied methodology (e. g. type of pre-treatments, kind of 
dispersant etc.), PSDs of the sedimentation methods (due to different standards) are 
dissimilar and could be hardly harmonized with each other, as well. A need was arisen
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therefore to build up a database, containing PSD values measured by the pipette method 
according to the Hungarian standard (MSZ-08. 0205: 1978) (henceforward SPM) and the 
LDM according to a widespread and widely used procedure.
In this publication we compared the PSD of 157 soil samples measured by SPM and LDM.
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MATERIAL AND METHOD

The 157 soil samples originated from different layers of 53 soil profiles, collected in Tokaj 
Region, North-Hungary in 2014 and 2015 (Fig. 1). Samples are mainly from forest soils.

Figure 1. Map of soil sampling points

Particle size distribution measurements with SPM were carried out. Coarse sand particles 
were separated by 0.25 mm sieve. Sodium pyrophosphate solution was used as dispersing 
agent.
PSD measurements with LDM were carried out by Mastersizer 2000 (Malvern Ltd), in 
Hydro 2000G dispersion unit at least two repetition, with the following settings: rotation 
speed: 700 rpm; ultrasonic: 75%, 4 minutes; dispersant solution: 33 g sodium- 
hexametaphosphate + 7 g sodium-bicarbonate/L; absorption index: 0.1; refractive index: 
1.52.
Based on previous experiences (on the grounds of Hungarian and European soil databases 
(M a k o  et  a l ., 2014b; Ba rn a  et  a l ., 2015)) and results of K o n er t  and  V a n d en b er g h e  
(1997), we modified the size limits of clay and silt fractions measured by the LDM (Table 
1). Clay fraction is counted under 0.0066 mm, silt fraction ranges between 0.0066 and 0.05 
mm.
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Table 1. Size limits of particle-size fractions (m m )
clay silt sand

SPM <0.002 0.002 -  0.05 0 .0 5 -2
LDM original <0.002 0.002 -  0.05 0 .0 5 -2
LDM modified <0.0066 0.0066 -  0.05 0 .0 5 -2

From the measured sand, silt and clay fractions, either with the modified size limits, soil 
texture was determined according to USDA texture triangle. Texture classes were 
compared: in how many cases match the pipette method and the LDM.

RESULTS

The results of 325 particle size distribution (PSD) measurements were compared (Figure 
2-4). In Figure 2 the comparison of clay fraction is shown measured by the pipette method 
and the LDM, and characterised with different particle size limits (Table 1). In case of 
modified particle-size limits a little bit stronger correlation was found between pipette 
method and LDM. The modified particle-size limits resulted in a much smaller 
underestimation of clay fraction.
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Figure 2. Comparison o f clay fractions measured by 
different methods and characterised with different particle-size boundary

With the modified silt size lower limit similarity increased between the pipette method and 
the LDM data. The highest improvement was experienced here, the correlation coefficient 
(R2) increased from 0.46 to 0.740 (Figure 3).
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Figure 3. Comparison of silt fraction measured by 
different methods and characterised with different particle-size boundary

The two kinds of methods measure nearly same sand content {Figure 4).

Figure 4. Comparison of sand fraction measured by 
different PSD methods

The match between soil texture categories, which were determined according to the USDA 
texture triangle, was significantly better in case of using the modified particle-size limits 
for the LDM {Table 2). Confusion matrixes {Table 2) illustrating the accuracy in correctly 
assigning the textural class of the measurements starting from either LDM data (original or 
modified clay/silt boundary) or sieve-pipette method (SPM) measured data.
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Table 2. Confusion matrixes of textural classes’ accuracy
PSDspm

C CL L SACL SAL SI SIL SC SICL Total
c 0 0 0 0 0 0 0 0 0 0
CL 0 0 0 0 0 0 0 0 0 0

C3_C L 0 0 0 2 0 0 0 0 0 2
.=Po SACL 0 0 0 0 0 0 0 0 0 0
sQ SAL 2 0 7 6 3 0 0 0 0 18 19%

d SI 0 0 1 0 0 0 2 1 7 11
Oh SIL 62 34 12 0 0 0 58 70 55 291

SC 2 0 0 0 0 0 0 0 0 2
SICL 1 0 0 0 0 0 0 0 0 1
Total 67 34 20 8 3 0 60 71 62 325

PSDspm
C CL L SACL SAL SI SIL SC SICL Total

C 26 1 0 0 0 0 0 6 2 35
CL 8 20 3 0 0 0 1 0 1 33-a<uJE L ' 0 4 72 4 0 0 0 0 0 20-ao£ SACL 2 0 0 7 0 0 0 0 0 3

Q SAL 0 0 2 3 3 0 0 0 0 8 57%
SI 0 0 0 0 0 0 0 0 0 0

GOOh SIL 0 1 1 0 0 0 43 0 3 48
SC 22 3 0 0 0 0 0 26 3 54
SICL 9 5 2 0 0 0 16 39 53 124
Total 67 34 20 8 3 0 60 71 62 325

Cxlay; CL: clay loam; L: loam, SACL: sandy clay loam; SAL: sandy loam; SI: silt; 
SIL:silty loam; SC: sandy clay; SICL: silty clay loam.

CONCLUSIONS

Applying usual size limits at the LDM, clay fraction was underestimated and silt fraction 
was overestimated compared to the pipette method, as international literature established, 
as well. Extension of particle-size limit of clay fraction from 0.002 to 0.0066 mm, and so 
changing the size limit of silt fraction to 0.0066 -  0.05 mm, causes more easy 
comparability and closer similarity between results of SPM and LDM. KONERT AND 
Vandenberghe (1997), Makó et al. (2014a,b) and Barna et al. (2015) got similar 
results. Comparability at 0.008 mm clay boundary (advised by Konert and 
Vandenberghe (1997)) was not as good as at 0.0066 mm (recommended by Makó et al. 
(2014a,b) either in national, or in continental scale (results not shown). This change of 
fraction boundary can be the first step in conversion of results of different PSD methods. 
Subsequently soil texture classes determined from the LDM measurements significantly 
differ from results of the SPM, correspondence of texture classes is less than 60%. 
Therefore LDM analyses, even with modified fraction boundary, are not suitable for soil 
texture classification (Taubner et al., 2009; Barna et al., 2015).



37

However, the used database size is still not enough for optimizing the particle fraction size 
limits. Further investigation will be carried out on a more detailed Hungarian database to 
harmonize PSDs o f measuring methods.
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