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ABSTRACT

The deconvolution procedure for separating the original particle size distribution spectrum by laser diffraction (LD) gives a different

share of the fractions compared to the common method, when the number of particles is determined in the vertical walls at the group
boundaries according to the FAO classification or other classification. In addition, a new indicator provides information on the prop-
erties of individual fractions by particle size: the LD fractions dispersion (D). Vertisols have a harder texture after deconvolution,
especially in the Stavropol Vertisols, and the less extent in the Texas Vertisols. Vertisols have relatively low dispersion D < 0.7, which
means relatively homogeneity of LD-fractions. Andosols dispersion (D) is very high; as a result of small number LD fractions, less than
the number of FAO fractions. Very high D values can be attributed to preservation aggregates due to incomplete dispergation of soil. A
strong disturbance in the distribution of LD-fractions and a high degree of their superposition makes it possible to assume that micro
aggregates will remain in them after not adequate chemical preparation for LD analysis.
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Introduction tra entail serious errors due to the assumption of
vertical barriers on the border between fractions [3-
5]. But in reality, the particles are distributed sta-
tistically, forming a series of independent sets, as
a rule, in accordance with the law of normal distri-
bution [2, 6]. Therefore, between the boundaries of
the factions taken in any classification, there are no
rigid vertical boundaries.

To circumvent the error in determining the soil /
sediment texture, a different approach to decipher-
ing continuous LD-spectra is needed.

Objective: to propose a universal methodology
for decrypting LD-spectra.

At present, there are two common methods for
analyzing the grain size composition of soils and
sediments. The older method, a sieve analysis com-
bined with a thin-particle pipette analysis, is based
on determining the mass fraction of individual
fractions [1]. Later, a method of laser diffraction
analysis (LDA) was developed, based on the deter-
mination of the volume part of fractions [2]. Laser
diffractometer provides fast analysis and does not
require a greater sample mass. Another important
advantage of LDA is to obtain an almost continuous
spectrum of particle content.

The main task of any analysis of grain size, in-
cluding LDA, is to determine the texture of the soil
/ sediment, that is, the proportion of each fraction,
expressed as a percentage. Is this problem solved
now, in relation to the LDA?

Now the concept of an “impenetrable vertical”

Characteristics of LD-fractions

Nine classic size fractions of the dominant par-
ticles with different mineralogy are allocated in the
range 0-2000 pm according to FAO Classification.

boundary between fractions is conditional. So, we
see that the usual schemes for decrypting LD-spec-

Thus, each of the groups: clay (C), silt (Si) and sand
(S) are subdivided into 3 fractions: fine (f), medium
(m) and coarse (c), total 9 classic fractions. Each
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fraction is marked by the index (Table 1). Usual-
ly, the each FAO-fraction content is determined by
area under the LD-curve limited by vertical walls
at the borders between the factions. In other words,
content of FAO-fraction (S, ,) is determined by the
area (S), limited by top LD-spectra, and the side
verticals in the points with the low and high limits
fraction in a classification. For example, the con-
tents cSi fraction is determined by the vertical walls
at 20 and 63 pum.

But in fact, using the vertical boundaries be-
tween the FAO fractions is a very blatant admission.
The normal distribution of the particles does not
take into account the specified vertical borders be-
tween the fractions. As this problem is solved when
analyzing soil LD-spectra?

The simplest form of statistical particles distri-
bution is described by gauss form [7]. The mean-
ing of deconvolution (with respect to decoding the
energy dispersive X-ray fluorescence spectrum) is
described by Savichev and Stepanov [7] and in rela-
tion to texture composition, defined by the LDA, is
described earlier [8].

The main indicator of particle size distribution
is the content of some fraction in the soil. It is pos-
sible to solve the problem of grain-size composi-
tion characteristics using the maximum position of
LD-fraction on the axis diameter:d_ =d__ . plac-
ing it between the fraction bounds. In other words,
we will name the LD-fraction, on the basis of the
conditions: d, < daverage <d,, where d, and d, are the
lower and upper grain diameter of this fraction. For
a precise definition of the centre faction daverage is
need to “deconvolute” or to split LD-spectrum.

Since laser diffraction is not able to detect fine
clay of 0-0.2 um, we use the eight fractions in the
calculations. Thus, the average diameter (daverage) of
the LD-fractions can be used to identify LD-frac-
tions by placing it in the classical borders of the 8
groups (clay, silt and sand) of FAO Classification [1].

It is obvious that the vertical borders between the
fractions are an abstraction, not taking into account
the statistical grain probability distribution within
the fraction. This assumption would be true if the

Annals of Agrarian Science 18 (2020) 1-9

minima were reduced to zero. But, as can be seen
from Figures 1-3, particle content is never reduced
to zero.

The main indicator of LD-fraction is the position
of its center on the axis of diameters: d, e The
second indicator is the area under the Gauss-line,
which defines the share fraction S in %. The third
indicator is the fraction dispersion — D.

The deconvolution procedure allows solving
two problems. First, it is possible to clarify the usu-
al indicators, which are determined from the ini-
tial dependence of the particles on their diameter.
In addition, the share of neighboring fractions can
be distorted due to their superposition on the ini-
tial curve. The overlap effect is revealed as a result
of the deconvolution of the original spectra. At the
same time, it is possible to correct the ratio between
the LD-fractions.

Secondly, perhaps the most important advantage
of deconvolution is the ability to study the fraction
dispersion D. If each fraction were completely sep-
arated from the neighboring fractions, then on the
initial curve the minimum concentration would de-
crease to zero. Usually this does not happen, which
means the superposition of fractions. It is clear that
the greater the dispersion D, the lower its homoge-
neity and the higher the likelihood of the presence
of microaggregates.

Dispersion D is lower in fully isolated fractions
without superposition (a partial contribution of par-
ticles of a given fraction to the content of particles
of neighboring fractions) and increases with an in-
crease in the effect of superposition. We calculated
the dispersion of completely isolated fractions on
the basis of the ideal distribution of the grain size
fractions of rocks [6]. Their dispersion is low D
= 0.26-0.38, on average 0.32. This value is taken
as the reference dispersion of completely isolated
LD-fractions.

High values D > 1 can be associated with two
factors. Stable particles are considered the first
cause of the weak weathering fraction. The second
reason is to save some micro-aggregates before
LD-analysis.

Table 1. Index and borders (um) between the soil size fractions [1]

Index | fC mC cC fSi mSi cSi fS mS cC
d,pm |0-0.2 | 02- 0.63- | 2.0-6.3 | 6.3-20 | 20-63 | 63- 200- | 630-
063 |20 200 | 630 2000
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Objects and Methods

1. Vertisols from different regions. We stud-
ied two soil complexes with gilgai microrelief
in the temperate and subtropical climates. The
various elements of the microrelief differ sig-
nificantly in the amount of precipitation flow.

Vertisol soil complex of temperate climate was
described and sampled in the southeastern Europe-
an part of Russia (44°38°17”N, 42°15°04” E) in the
Stavropol region, North Caucasus. Soils are formed
on marine clay under native steppe vegetation. Ac-
cording to Soil Taxonomy [9], this soil complex
consists of Sodic Haplusterts (microhigh) and Typic
Epiaquert (microlow).

The second Vertisol soil complex is located
in the southern part of the United States, in Texas.
12-m-long trench has been formed on the second ter-
race of the Brazos River, Burleson County, near city
of College Station (30°29°21”N, 96°28°44”W). The
soils are developed from clayey alluvium, consisting
of derivatives of the red-earth Permian and Triassic
clays. The soils have been classified as Typic Haplus-
terts (microhigh) and Udic Haplusterts (microlow).

Grain size soil composition was determined on
the laser diffraction particle size Analyzer “Sizer
Analysette 22 comfort” (FRITSCH, Germany). Be-
fore analysis soil samples in the form of suspension
were treated by ultrasound without chemical pro-
cessing. The original soil samples are mixed with a
rubber pestle and sieved through a 0.25 mm sieve.
The hitch (0.10-0.13 g) was added 30 ml of distilled
water and soil was treated by ultrasonic dispenser
Digital Sonifir 250 (Branson Ultrasonics) with a
dispersive element probe type, operating on a fre-
quency of 20 kHz, in non-impulse mode, the energy
of ultrasound — 450 J/ml.

2. Andosols. (Southern Italy). We studied recent
soils and paleosols in quaternary fluvio-lacustrine
sediments in the basin of Bozhano in Southern It-
aly, described by Colombo [4]. Recent soils and
paleosols were formed as a result of pedogenesis on
the products of interaction of pyroclastic material
with alluvial clay sediments, some of which are en-
riched in carbonates.

Recent soils are called andosols, their thickness
is 1.5 m. The parent rocks C-1 and C-2 at depths
of 80-150 cm are strongly enriched in carbonates:
the calcite content reaches 70-77%. Below, up to a
depth of 11 m, paleosols are opened, which accord-
ing to morphology are divided into four solums:
Solum I-IV. Their parent rocks are lake sediments.
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Before analyzing the grain size of andosols, to
dispergate microaggregates, samples < 2 mm were
treated with H O, to oxidize organic matter, and
then with dithionite-citrate-bicarbonate (DCB) to
dissolve ferrous cement. In samples of carbonate
rocks underlying recent soil (samples RS-CI and
RS-C2), carbonates were removed by treatment
with Na acetate, buffered at pH = 5 [4].

Particle size distribution was determined using
an “Analysette 22 comfort” laser diffraction parti-
cle size analyzer (FRITSCH, Germany). The device
uses the method of “reverse Fourier optics”, this is a
system of a converging laser beam (helium is a neon
laser with a wavelength of 632.8 nm). Soil samples
were sonicated before analysis in the form of a sus-
pension without additional chemical treatment [4].

After this preparation, the soil composition was
determined by laser diffraction on a Malvern Mas-
tersizer 2000 analyzer. The analysis parameters are
the following: the pump speed is 2500-3000 rpm,
the number of measurements is 6-10, the refractive
index is 1.52, and the absorption index is 0.1 [4].
The particle size distribution was obtained using the
full Mie scattering function for spheres, which pro-
vides a more accurate estimate of the particle size in
the clay fraction than the Fraunhofer function [10].

The obtained particle distribution spectra were
interpreted by deconvolution. Then a LD-fraction
share as area of elementary contour obtained after
deconvolution (S, ) was compared with a share of
FAO-factions (S,, ). The most important fractions
of soil/sediment difference was estimated: AS =S
-S,,, for clay (<2 pm).

Results and discussion

Characteristics of the of Stavropol Vertisols’s
LD-fractions

The content of the LD fractions differs from the
content of the FAO fractions and it was calculated
according to the old method, assuming that the ver-
tical walls at the fractions boundaries (Fig. 1). De-
convolution procedure showed the Vertisol heavier
texture. Clay content of LD-fractions with average
diameter < 2 microns is increased to 10-11% in
comparison with the calculation based on vertical
borders between particles FAO-fractions.

The homogeneity of the particle size fractions
was evaluated by the values of their dis-persions.
The dispersion data of the Gaussians of each of the
fractions are shown in Table 2.
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In Vertisols of temperate climate common regu-
larities were observed: the homogeneity of particles
of fine fractions is higher than that of large fractions.
Thus, the dispersion D is 0.50 for the three thinnest
fractions, and D is 0.60-0.63 for the largest frac-
tions. From this it follows that the coarse fractions
are less homogeneous than the fine ones. Overall
uniformity of LD-fractions of the Vertisols is high,
because D < 0.7.

Characteristics of the Texas Vertisols LD-
fractions

The LD-fractions contents are different from
contents of FAO-fractions, calculated under the old
methodology, assuming vertical walls at the frac-
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tions borders (Fig. 2). Deconvolution procedure is
showed the Vertisol heavier texture. Clay content
of LD-fractions with an average diameter < 2 mi-
crons is increased to 7-8% in comparison with the
FAO-fractions (Table 2).

In the Texas Vertisols the homogeneity of clay
and silt fractions is lower than in Vertisols of Stav-
ropol region. The relatively high dispersion D of
fine fractions of Texas Vertisols reflects their lower
weathering compared to Vertisols of Stavropol re-
gion. Probably, in Texas Vertisols, the absence of
coarse silt is explained by the lithological peculiar-
ities of the parent material, but not by the preserva-
tion of aggregates after preparing the soil for laser
diffraction.
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Fig. 1. The distribution of particle diameters (Stavropol, Vertisols). The points are the initial differential
distribution, thin lines are elementary contours. A- microhigh, AU-horizon, B - microhigh, Cv-horizon;
C - microlow, AU-horizon,; D - microlow, Cv-horizon.
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Fig. 2. The distribution of particle diameters (Texas, Vertisols). The points are the initial differential dis-
tribution, thin lines are elementary contours. A - microhigh, AUca-horizon, B - microhigh, Cv-horizon;
C - microlow, AUca-horizon; D - microlow, Bca-horizon.

Table 1. Index and borders (um) between the soil size fractions [1]

Group (um) Share After deconvolution Share  After deconvolution
Sra0,%  Share d, ym D Sra0, %  Share d, D
Sip, Sip, um
% %

Stavropol, Vertisols

Microhigh, AU-horizon

Microhigh, Cv-horizon

mC (0.2-0.63) 12.9 15.3 0.49 0.51 13.7 15.6 0.44 0.49
cC (0.63-2.0) 28.4 37.7 1.73 0.51 20.6 29.1 1.84 0.45
fSi (2.0-6.3) 47.2 38.7 4.39 0.53 52.1 44 .4 4.39 0.47
mSi (6.3-20) 11.3 8.3 9.02 0.60 13.4 10.9 13.6 0.64

2C, % 41.3 53.0 A=11.7 34.3 447 A=10.4
Microlow, AU-horizon Microlow, Cv-horizon

mC (0.2-0.63) 5.5 6.1 0.46 0.49 13.0 14.9 0.43 1.38

cC (0.63-2.0) 17.2 25.4 1.80 0.50 20.9 29.6
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fSi (2.0-6.3) 39.1 32.6 4.53 0.48 50.0 445
mSi (6.3-20) 27.0 14.4 10.7 0.58 15.6 11.6 8.5 1.44
cSi (20-63) 11.0 21.8 22.2 0.65
2C, % 22.7 315 A=8.8 33.9 445 A=10.6
Texas, Vertisols
Microhigh, AUca-horizon Microhigh, Cv-horizon
mC (0.2-0.63) 11.2 14.1 0.53 0.55 12.3 14.7 0.49 0.53
cC (0.63-2.0) 23.5 27.6 1.65 0.55 21.9 29.6 1.77 0.49
fSi (2.0-6.3) 28.7 25.6 453 0.63 46.9 35.0 4.31 0.46
mSi (6.3-20) 18.5 18.6 20.6 9.21 0.62
cSi (20-63) 12.2 28.1 21.3 0.91
fS (63-200) 5.7 4.9 133.0 0.41
2C, % 34.7 41.7 AN=7.7 34.2 443 A=10.1
Microlow, AUca-horizon Microlow, Bca-horizon
mC (0.2-0.63) 14.0 18.0 0.54 0.55 15.8 18.7 0.53 0.49
cC (0.63-2.0) 27.9 29.3 1.57 0.53 30.3 36.5 1.60  0.55
fSi (2.0-6.3) 31.0 30.4 4.31 0.68 34.5 27.7  4.39 0.54
mSi (6.3-20) 16.9 18.7 17.8 0.77 18.0 17.2 124 0.62
cSi (20-63) 6.4 1.3
fS (63-200) 3.4 3.7 1340 0.37
2C, % 41.9 47.3 A=54 46.1 55.2 A=9.1
Italy, Andosols
Recently soil, RS-Bw1-horizon Recently soil, RS-C-1
mC (0.2-0.63) 2.2 2.1
cC (0.63-2.0) 10.4 10.0
fSi (2.0-6.3) 17.0 35.2 2.1 1.52 16.8 33.4 3.0 1.52
mSi (6.3-20) 25.1 19.8
cSi (20-63) 29.1 59.6 27 1.24 17.4 314 21 1.24
fS (63-200) 9.4 19.9 29.5 129 0.96
mS (200-630) 6.1 7.0 372 0.68 13.1 7.3 412 0.62
2C, % 12.6 0.0 A=-12.6 12.1 0.0 A=-12.1
Paleosols, SI-1-horizon Paleosols, SIV-3
mC (0.2-0.63) 3.5 2.7
cC (0.63-2.0) 19.9 15.3
fSi (2.0-6.3) 34.4 80.3 3.6 1.46 23.9 53 3.1 1.52
mSi (6.3-20) 24.0 23.1
cSi (20-63) 11.9 16.6 29.3 1.18 21.6 44 30.0 1.40
fS (63-200) 2.9 9.1
mS (200-630) 2.9 6.1 428 0.70 3.7 3 388 0.52
2C, % 13.4 0.0 A=-13.4 18.0 0.0 A=-18.0
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Characteristic of the South of Italy Andosols
LD-fractions

The main features of Andosols LD-fractions. The
LD-fractions contents are different from contents of
FAO-fractions. In addition, it is not individual LD-clay
fractions, with an average diameter of <2 um (Fig. 3).

Clay particles are allocated traditionally on ver-
tical limits of only 13%. But in fact clay particles
are belonging to “tail” of fine silt LD-faction. The
“tail” of this faction is very long, as evidenced by
the unusually high the fine silt fraction dispersion D
= 1.5 (Table 2).

Secondly, there is no independent fine sand
LD-fraction 63-200 microns. A small fine sand con-
tent by traditional analysis (<1%), is the result of
superposition “tails” of neighbor large silt and me-
dium sand LD-fractions.

Thus, grain size deconvolution is reduced dras-
tically the number of LD-fractions by excluding as

% A

ik
/) %

e
IRFAEN

-

M

7 : ; NV
1 |"H| oo |si/ | msit oS | 15 Y ms & os
u - / \_‘ﬁ A
0.1 1 0 100 To00
d, um
4 2 -
s
Ll
1
3 F i

n
-
]
%
%
mG ’T"’ﬁt
ol f | oo |15} ns|og S N

S v Pt ai R
d, um

Annals of Agrarian Science 18 (2020) 1-9

independent fractions, consisting long LD-fractions
tails. The reason is the very high LD-fractions dis-
persion D = 1.5. Smooth (absent-mindedness) of
grain size fractions can be linked to two factors: 1)
weak weathering of minerals; 2) preservation ag-
gregates due to incomplete dispersion of soil. The
first reason is possible if there are many resistant to
weathering particles of feldspar and quartz. Mean-
while, Andosols are dominated by X-ray amorphous
minerals (allofanes and imogolites), distinguished
by extremely low resistance. Therefore, the first as-
sumption about the reason of weak weathering min-
erals for andosols is not suitable.

The second assumption remains an abnormally
high dispersion, that indicates the preservation of
micro-aggregates. One possible reason is preser-
vation of aggregates due to incomplete dispersion
of soil. This suggests the probable conservation of
microaggregates after preparing the soil for laser
diffraction.

% B

=
|| mCel oc | s/ {msi \ |/ \E
fc/_a;C /I/ml gSiéy’mS'kcs

% D

mC;

fC fSi/ | msi

1 .‘h\‘.-l
&
]

0.1 1 10

Fig. 3. The distribution of particle diameters (Italy, Andosols). The points are the initial differential
distribution, thin lines are elementary contours. A - recently soil, RS-Bwl; B - Recently soil, RS-C-1; C
- paleosols, SI-1; D - paleosols, SIV-3.
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The mineralogical composition of Andosols in
a neutral medium is determined by the hydrolysis
of volcanic glass [11]. This leads to the formation
of typical minerals of Andosols: clay minerals (al-
lophane and imogolite) and Fe-hydroxide: ferri-
hydrate 2Fe O, - FeOOH -4H,0) [11]. The role of
mineral cement in Andosols is performed by active
particles of allophone, imogolite and ferrihydrate,
connected with organic matter [12].

Allophane and imogolite are nano-sized alumi-
nosilicate with hollow spherule and tube structures
with the diameter 3-5.5 nm; the minerals have high
cation/anion exchange capacity as well as extensive,
variable-charged surfaces [12, 13]. Together with
Fe-containing minerals of short-range order, which
can easily dissolve and precipitate during oxida-
tion-reduction changes, these nano-sized minerals
of short-range order and the organic matter associ-
ated with them can act as a strong binding agent for
the formation of aggregates [14]. In addition, Al-or-
ganic (and, to less extent, Fe-organic) complexes
formed via covalent bonding between monomeric
Al and Fe ions with organic functional groups are
also relatively abundant in Andosols [12, 13].

DCB eftectively dissolves Fe-cement in strong-
ly ferruginized soils, for example, in ferrallitic soils
[15]. Feature of these soils is high content of gross
iron, much more above the Clarke of the lithosphere
- 6.2% [16]. But the total iron content in the Italian
Andosols and paleosols is very low: 0.7-2.8%. This
already indicates a weak ferrigination of Andosols.
The most of thin microaggregates of Andosol have
very high strength. It is obvious that DCB is not
able to completely destroy solid micro-aggregates
of Andosols.

A thorough study using the fine absorption
structure of near X-rays showed that organic matter
forms a weak bond with the smooth surface of large
crystals [13]. This explains the reason not to attend
such minerals like kaolinite, hematite, goethite in
the formation of micro-aggregates in Andosol. But
organic matter is formed a strong connection with
unordered minerals such as allophone, imogolite
and ferrihydrite [13].

Colombo [4] randomly used a reagent (DCB)
that is not very selective reagent to Andosols. But
this allowed us to obtain new information on the
composition of soil microaggregates. In the future,
it is possible to apply deliberately soft processing
to obtain information about firmly connected soil
microaggregates, not only in Andosol.

Annals of Agrarian Science 18 (2020) 1-9
Conclusion

The deconvolution procedure for splitting the
original spectrum of particle size distribution gives
another fractions share compared with usual meth-
od, when the number of particles is determined
within the vertical walls at the borders of groups
according to the FAO classification or other classi-
fication. In addition, a new indicator provides infor-
mation on the properties of individual particle size
fractions: dispersion of LD-factions (D). Dispersion
value ranges from 0.32 in the complete absence of
LD-fractions superposition of up to 1.8 from Ando-
sols with very long “tails” of the distribution.

After deconvolution vertisols have the harder
texture, especially in the vertisols of Stavropol and,
to a lesser extent at Texas vertisols. Vertisols have
relatively low dispersion D < 0.7, which means rel-
ative homogeneity of LD-fractions.

In Northern Italy Andosols dispersion D of
LD-fraction is very high; resulting in the real frac-
tion number is less than the number of FAO-frac-
tion. Very high values of the dispersion can be at-
tributed to preservation aggregates due to incom-
plete dispersion of soil. A strong disturbance in the
distribution of LD-fractions and a high degree of
their superposition makes it possible to assume that
microaggregates will remain in them after not ade-
quate chemical preparation for laser diffraction, in
particular, this applies to paleosols.
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