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Abstract: The study analysed the relationship between the granulometric composition of grassland soils as determined
by laser diffraction and their content of mineral forms of nitrogen and organic carbon. The content of mineral forms of
nitrogen (NO3-N and NH,-N) in soil samples - after their extraction with 1% solution K,SO,, was determined by flow
colourimetry. Soil organic carbon content was determined using the Tyurin method. The study examined soil samples
collected from 169 control and measurement sites located in different regions of Poland in terms of conditions for
agricultural production. Statistical analyses of the research results showed that the grain size of grassland soils had
a significant effect on their ammonium nitrogen content but not on their nitrate nitrogen and organic carbon content.
In this respect, it was found that there was a positive correlation between the share of the sand fraction and the content
of ammonium nitrogen in soils and an opposite relation between the share of coarse silt, fine silt and clay and the
content of the aforementioned component. Results of the analyses differ considerably from the results of studies by
other authors on the influence of soil grain size distribution on the content of mineral nitrogen and organic carbon in
soils based on classical methods of measurements of soil particle size distribution. There is a need to develop solutions

to convert and compare results obtained by laser diffraction and standard methods.
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INTRODUCTION

Soil granulometric composition plays an important role in
nutrient management as it determines nutrient transport and
storage (retention) in the soil environment. Soils with a fine
texture and a high clay fraction have a relatively high cation
exchange capacity (CEC) and are therefore able to retain positively
charged nutrients such as ammonium ions. Coarse-grained soils
with a predominantly sandy texture have good permeability due to
their large pores, which means that they have a low capacity to
retain infiltrating water and plant nutrients, such as nitrate, as
these are washed away by water. At the same time, the CEC of
these soils is relatively low. Just like texture, soil organic matter
(SOM) plays an important role in soil nutrient management.
Organic matter has a very high CEC and therefore has a high
capacity to retain cations of plant nutrients. Apart from
contributing to the retention of nutrients in the soil, SOM is also

a source of nutrients. Soil organic matter is a key integral indicator
of soil quality. Both soil organic carbon (SOC) and soil organic
nitrogen (SON) are attributes of SOM used to describe various
SOM functions (Kunlani, Khwanchum and Vityakon, 2020).

The soil grain size directly affects the amount of organic
carbon and total nitrogen it contains (Bechtold and Naiman,
2006; Pan et al., 2013; Udom, Benwari and Osaro, 2015). Zhou
et al. (2019) have showed that the total carbon (TOC) and
nitrogen (TON) contents increase as the proportion of silt and
clay fractions increases. On the other hand, Cui, Askari and
Holden (2015) found that an increase in the level of SOC and
TON in the soil occurs with an increase in the proportion of clay
fraction (with grain diameter <0.002 mm) in the soil, according
to the following pattern of granulometric groups: sandy loam
< sandy clay loam < clay loam < silty clay loam. However, these
authors observed that the differences in SOC and TON were
small depending on these soil groups.
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Soil granulometric composition is also a factor that affects
nitrogen mineralisation in soil. Soils with a fine structure (with high
content of clay parts) are characterised by a lower efficiency of
nitrogen mineralisation compared to soils with a coarse structure
(Bechtold and Naiman, 2006; Najmadeen, 2011; Soinne et al., 2021).
Soil nitrogen mineralisation, i.e. transformation of organically
bound nitrogen in soil organic matter into its mineral forms -
nitrate and ammonium, affects the nitrogen cycle and its resources
in the soil, and thus the availability to plants and their yields.

The understanding of the relationship between soil texture
and the amount of carbon and nitrogen it contains is important in
terms of maintaining soil quality, shaping crop production, and
protecting the environment (Zhou et al.,, 2019). In practical terms,
soil texture is a key soil property that should be taken into account
when making recommendations for nitrogen fertilisation of crops
(Shahandeh, Wright and Hons, 2011; Cambouris et al., 2016), and
the ratio of SOC content to the proportion of clay or other fine soil
textural fraction can be a useful indicator in selecting the rate
nitrogen is applied to a crop (Soinne et al., 2021).

Grassland soils are highly differentiated in terms of grain
size and are characterised by a relatively high content of organic
matter (Pietrzak and Hotaj-Krzak, 2022). The relationships
occurring between the texture of these soils and their SOC and
TON content as well as between texture and nitrogen miner-
alisation have been the subject of many studies (Hassink et al.,
1993; Hassink, 1997; Cui, Askari and Holden, 2015; Risch et al.,
2019; Matus, 2021). These studies have provided a better
understanding of linkages and interactions between the afore-
mentioned factors. Nevertheless, in order to increase the
reliability and utilitarian nature of their results, it is reasonable
that they should be further developed. An important related task
is to solve the problem of investigating the granulometric
composition of soils. Conventionally, sieve and sedimentation
methods were used in these studies. Nowadays, a laser diffraction
method is used increasingly frequently to determine the grain size
distribution in soils. It has many advantages, such as short
analysis time, high repeatability, small sample volume required,
wide measurement range, and wide range of sorted fractions
(Sinkoviova et al., 2017). However, the results of particle size
measurement by laser diffraction are not the same as the results of
soil grain size determination by standard methods (Plaskonka,
2010; Sinkoviov4 et al., 2017) (due to different physical principles
on which they are based), which in practice creates difficulties in
using the data obtained. Despite years of research work, this is
a major inconvenience that has not been eliminated. It is
necessary to continue the work.

In this study, the aim was to examine the relationship between
the granulometric composition of grassland soils determined by
laser diffraction and the content of mineral forms of nitrogen and
organic carbon in these soils, and to determine the functionality of
results obtained in comparison with results of similar studies
obtained using standard methods for measuring soil grain size.

MATERIAL AND METHODS

DATA ORIGIN AND LOCATION OF SAMPLING SITES

Studies of the granulometric composition of grassland soils in
Poland and the content of mineral nitrogen and organic carbon in
them were carried out as part of the soil and water monitoring

system operated by the National Chemical-Agricultural Station

(Pol. Krajowa Stacja Chemiczno-Rolniczg, KSChR) and district

chemical-agricultural stations, in cooperation with the Institute of

Technology and Life Sciences — National Research Institute (Pol.

Instytut Technologiczno-Przyrodniczy - Panstwowy Instytut

Badawczy, ITP-PIB). Within this system, 169 control and

measurement sites of mineral grassland soils in different regions

of Poland (Fig. 1), were selected and samples taken for laboratory
analyses. The study was implemented in 2008-2020. Its scope
included:

— at the beginning of the research in 2008, a single determination
of granulometric composition and content of organic matter in
the soil samples analysed (for three monitoring points, compo-
sition and content were determined in 2006);

- twice each year, determination of mineral nitrogen forms in
soil samples taken in early spring, before the application of
nitrogen fertilisers (i.e. before or immediately after the start
of vegetation) and in autumn, after the harvest.

Fig. 1. Location of soil sampling sites in grasslands in Poland for the
determination of grain size, mineral nitrogen and organic carbon; source:
Nawalany (2022), unpublished

RESEARCH METHODS

Soil samples for the study were taken from the 30 cm topsoil, with
a representative (composite) sample of approximately 100 g made
from 15-20 individual samples taken from an area up to 100 m*
(Watros et al., 2019).

The granulometric composition was determined by the laser
diffraction method using the Malvern Mastersizer 2000 particle
analyser. On the basis of results, four fractions and granulometric
sub-fractions were distinguished according to the classification of
grain size distribution in soils and mineral formations by the
Polish Soil Science Association, assigning to them individual
codes of F1-F4 - Table 1.
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Table 1. Classification of soil grain size

f?azgznoiféa;l:?fl:;?tl;fn Grain diameter (d), mm [ Code
Sand fraction 0.05<d <20 F1
Silt fraction 0.002 < d < 0.05
— coarse silt 0.02 < d < 0.05 F2
— fine silt 0.002 < d < 0.02 F3
Clay fraction d < 0.002 F4

Source: own elaboration based on: Sktodowski (2009).

Soil analysis for mineral nitrogen content was conducted
according to the PN-R-04028:1997 standard. The analytical
procedure included determination of nitrate nitrogen (V) (NOs-
N) and ammoniacal nitrogen (NH,4-N) in soil samples at current
moisture content after defrosting (until the start of the analysis,
the soil material was stored at —18°C), after their extraction with
a 1% solution of potassium sulphate (K,SO,) at a volume ratio of
soil to solution as 1:10. The results of the determination of the
mineral forms of nitrogen were expressed in mg-kg™' of soil dry
matter.

The soil organic carbon content was determined using the
Tyurin method. Chemical analyses conducted in accordance with
this method consisted in the oxidation of organic carbon of a soil
sample using an oxidising agent - potassium dichromate
(K,Cr,05), in the presence of sulphuric acid (H,SO,4) and, back
titration of the excess oxidant remaining in solution with Mohr
salt ((NH4),Fe(SOy4),-6H,0). From the amount of potassium
dichromate solution used, the soil organic carbon content was
calculated. The Tyurin method was applied to soil samples with
organic matter content up to 15%, because above this value of
OM in the soil, the method does not give “reliable results due to
the difficulty to completely burn large amounts of organic
carbon” (Fajer, 2014, p. 87).

Research results obtained were subjected to statistical
processing. In this respect:

— descriptive statistical analysis was performed on sets organic
carbon determined in soil samples, while calculating their ar-
ithmetic means, medians, standard deviations, and smallest and
largest values;

- Spearman correlation analysis was conducted involving the
share of the clay fraction (d < 0.002 mm), fine silt (002 < d
< 0.02 mm), coarse silt (0.02 < d < 0.05 mm), sand fraction
(0.05 < d < 2.0 mm) and the fluvial fraction (grain diameter
<0.02 mm) and spring and autumn averages in 2008-2020 and
nitrate nitrogen and ammonium nitrogen contents in the 0-
30 cm soil layer and the organic carbon content.

Sampling of grassland soils and their laboratory tests (own
accredited laboratories) were carried out by the district chemical
and agricultural stations. Results were collected in a database kept
by the KSChR. Results of laboratory analyses were elaborated in
the ITP-PIB Falenty on the basis of data provided by the KSChR.

RESULTS AND DISCUSSION

In terms of grain size, mineral soils from analysed grassland areas
in Poland comprised on average 63.5% of sand fraction with
33.8% of silt fraction (including 17.3% coarse silt and 16.5% fine
silt) and 2.7% of clay fraction in their top 30 cm layer — Table 2.
In 2008-2020, in the profile up to 30 cm below the ground
surface, the average mineral nitrogen content in grassland soils
analysed was respectively 17.8 mg N-kg™' in spring and
19.5 mg N-kg™ in autumn. In spring, mineral nitrogen occurred
mainly in the form of ammonium (65.7%), and in autumn in the
form of nitrate (60.0%). The average content of organic carbon in
soils examined was 2.77%.

It can be assumed that values that characterise the grain size
of grassland soils and their organic carbon content were constant
throughout the study period. The texture of grassland soils does
not change easily, therefore it is considered a constant soil feature,
according to Brady and Weil (2007) (as cited in Jaja, 2016, p. 1).
With regard to organic carbon, it is concluded that its content in
agriculturally used soils remains relatively constant provided

Table 2. Descriptive statistics of average 2008-2020 contents of nitrate nitrogen (NO3-N) and ammonium nitrogen (NH,4-N), organic
carbon content and percentage of fractions and granulometric sub-fractions (F1-F4) in grassland mineral soils in the 0-30 cm layer at

all monitoring points (n = 169)

F1 | F2 | F3 | F4 | F3+F4 Nnos_s | Nnos_a | Nnua s | NnH4 A SOC

Factor %
% mg N-kg ™’ (%)
T 63.5 17.3 16.5 2.7 19.2 9.0 11.7 8.8 7.8 2.77
Me 69 15 14 2 16.0 8.0 10.4 7.2 5.9 2.37
SD 20.9 9.5 10.6 2.1 12.6 5.1 6.5 58 58 1.53
max. 95 42 48 10 58.0 279 35.8 41.5 39.3 7.49
min. 16 3 2 0 2.0 1.1 0.9 1.5 1.1 0.41

Explanations: T = arithmetic mean, Me = median, SD = standard deviation, max. = maximum value, min. = minimum value, F1 = percentage of soil
particles with diameter 0.05 < d < 2.0 mm, F2 = percentage of soil particles with diameter 0.02 < d < 0.05 mm, F3 = percentage of soil particles with
diameter 0.002 < d < 0.02 mm, F4 = percentage of soil particles with diameter <0.002 mm (%), (F3 + F4) = percentage of floatable fraction with grain
diameter <0.02 mm (floatables include soil mineral particles which are floated with the solution during flow or sediment grain size analyses);
Nnos_s = average 2008-2020 spring soil NO3;-N content (mg N-kg’l), Nnos_a = average 2008-2020 autumn soil N-NO; content (mg N-kg’l),
Nnpa s = average 2008-2020 spring soil N-NH, content (mg N-kg’l), Nnpa a = average 2008-2020 autumn soil NHy-N content (mg N~kg’1),
Corg = soil organic carbon content (%).

Source: own elaboration based on KSChR results.
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management and environmental conditions do not change
(Allison, 1973; Ku$, 2015; Wiesmeier et al., 2016). Therefore, it
can be assumed that in grassland soils, which are permanently
overgrown with grass vegetation, homogeneously used, and
which are not subject to mechanical treatment, organic carbon
levels do not undergo major fluctuations in time if they are not
disturbed by environmental factors. At the same time, it is worth
noting that, as shown by results of the TUNG-PIB research
(IUNG-PIB, 2017), even in arable soils the quantity of organic
carbon does not undergo significant changes over a long period.

In the case of mineral nitrogen, its content in grassland soils
varied in 2008-2020. In this period, the average content of
mineral nitrogen (Ny,;,) in soils examined ranged from 15.1 to
20.5 mg Nkg™' in spring and from 17.2.1 to 23.0 mg N-kg™' in

autumn (Fig. 2). In the analysed 13-year period changes in nitrate
nitrogen content showed an increasing trend both in spring and
autumn (Fig. 3). As for ammonium nitrogen, its changes showed
an increasing trend in spring and a decreasing trend in autumn.

The changes in mineral nitrogen content in grassland soils
observed in the time series could be largely due to the fact that
each year of the research had different precipitation and air
temperature. Obviously, these factors directly affect the quanti-
tative status of nitrogen in soils and the yield of plants, thus
influencing the amount of nitrogen taken up by them from soil.
In the 13-year period of 2008-2020, mean annual precipitation
and mean annual air temperature ranged from 481.0 to 830.0 mm
and from 7.5 to 10.5°C, respectively (Tab. 3). During this period,
meadow sward yields converted to hay ranged from 40.1 to
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Fig. 2. Changes in mineral nitrogen content in the 0-30 c¢m layer of grasslands mineral soils in 2008-2020

during spring and autumn periods; source: own study based on KSChR data
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Fig. 3. Trend of changes nitrate and ammonium nitrogen in grasslands mineral soils from 2008 to 2020;
explanations: Nxos s> Nnos_a» Nnma s» Nnpa a — as under Table 2; source: own study based on KSChR data

Table 3. Annual average precipitation and annual average air temperature in 2008-2020

Value in
Parameter
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
P (mm) 609 692 830 567 617 641 626 481 660 740 490 550 645
T (°C) 9.4 8.6 7.5 8.9 8.5 7.5 9.6 9.8 9.2 9.0 9.8 10.5 9.9

Explanations: P = mean annual precipitation (mm), T = annual average air temperature (°C).

Source: own study based on: GUS (2021) and IMGW-PIB (2021).
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52.1 dt-ha™ (GUS, 2021), with the lowest yields in 2015, 2018 and

2019, when the most unfavourable thermal and water conditions

occurred, i.e. high air temperatures and relatively low precipita-

tion (Gabryszuk, Barszczewski and Wrobel, 2021).

In contrast to yearly changes in mineral nitrogen content in
grassland soils in the thirteen-year period analysed, the granulo-
metric composition of these soils was constant and their organic
carbon content was relatively constant. Therefore, in order to
investigate statistical relationship between the above-mentioned
factors, the average values for the 2008-2020 period were used in
the case of mineral nitrogen. This solution was adopted in order
to generalise the character of the relationship in the system and to
make results representative, while taking into account fluctuating
atmospheric conditions and other factors affecting the state of
Npin in soil over a long period. The statistical analysis of the
relationship between the variables based on Spearman correlation
coefficients — Table 4, provided according to the assumptions
given above, showed in the 0-30 cm layer of mineral grassland
soils in spring and autumn that:

- proportion of sand fraction had a significantly positive correla-
tion with NH,-N content;

- there was a significant negative correlation between the share
of the clay fraction, fine silt, coarse silt, and floatables, and the
NH4-N content;

— proportion of different size classes of soil mineral particles in
the earthy part (<2 mm) had no significant effect on NO5-N
and SOC content.

The obtained results of statistical analysis show that with an
increase in the proportion of grains with a diameter <0.05 mm,
including the clay fraction with a diameter <0.002 mm, there is
a decrease in Nyp4 content in mineral soils both in spring and
autumn. This relationship is surprising, as it is known that the
sorption capacity of soils in relation to cations, including NH,",
increases with an increase in the content of clay minerals in the
soil (clay minerals as well as components of soil organic
matter have negatively charged sites on their surfaces, which
adsorb and retain positively charged ions by electrostatic force).
In general, as demonstrated in their study by Fan et al. (2021),
comparing soil fractions with grain diameters of 2.0-1.0, 1.0-0.5,
0.5-0.25, 0.25-0.1, 0.1-0.075 and <0.075 mm, determined using
the sieve method - the level of ammonium nitrogen in the soil
increases with decreasing soil particle size (there is increase in
both specific surface area of soil and its clay particle content).
This regularity was also confirmed by Podlasek, Koda and
Vaverkovd (2021) who demonstrated a positive relationship
between the amount of NH4-N and the content of silt and clay
particles in the 0-30 cm arable soil layer - from three regions of
Poland. It was determined using sieve and hydrometric methods
(it was interpreted as effect of sorption of positively charged
ammonium on negatively charged soil particles). Considering the
above, the relationship for grassland soils indicating that the
content of ammonium nitrogen in the soil increased with an
increase in the sandy fraction should also be regarded as
unexpected.

Table 4. Spearman rank correlation coefficients between the share in the 0-30 cm layer of mineral grassland soils of soil particles of
different diameters and the parameters of nitrogen quantitative status in these soils and the content of organic carbon in them at the

number of correlated pairs n = 169

Parameter F2 F3 F4 (F3+F4) Nnos_s Nnos 4 Nnna s Nnu4 A Corg
F1 —0.941+%* ~0.976*%* ~0.949%%¢ | —0.976%* -0.085 -0.022 0.268** 0.214%* _0.073

E2 0.855%* 0.824* 0.854* 0.119 0.024 ~0.224** -0.162* 0.122

F3 0.965** 0.999* 0.049 0.014 ~0.280*** ~0.223* 0.034

F4 0.975% 0.053 0.005 ~0.241%* -0.200** 0.037
F34+F4 0.049 0.012 —0.274*%¢ ~0.219** 0.033
Nros s 0.689** -0.148 -0.069 0.107
Nuos 4 -0.104 0.000 0.129
Nuwtis s 0.704*% 0.215%
Nnts A 0.197**

Explanations: F1, F2, F3, F4, (F3+F4), Nxos_ss Nnos_a> NNua_ss Nnma_as — as under Table 2, C,,y = organic carbon, * correlation significant for level
a = 0.05, ** correlation significant for level a = 0.01, *** correlation significant level a = 0.001.

Source: own elaboration.

Among significantly correlated variables, their dependence
expressed by the value of Spearman’s rho coefficient was at
a weak level (although correlation was clear). It should be borne
in mind, however, that the value of the correlation coefficient
alone does not yet determine the magnitude of the link between
the variables, as it still depends, among other things, on the
sample size (Stupnicki, 2015), as well as on the degree of
variability of data (Goodwin and Leech, 2006). In the case of
small data sets, there is a relatively high probability of a strong
relationship between them. With a large data sets — as is the case
here - even a small value of the correlation coefficient is sufficient
to consider the correlation reliable.

In the case of nitrate nitrogen, no significant relationship
was found between the content of this component in grassland
soils and the grain size distribution (especially share of finest soil
fractions - silt and clay). Results of other studies carried out using
conventional methods to determine the granulometric composi-
tion of soils show ambiguous relations in this respect. In one
variant of the experiment, Podlasek, Koda and Vaverkova (2021)
showed a positive correlation of the content of the sand fraction
and a negative correlation of the content of the silt fraction with
the amount of NO5-N, while in another variant they observed the
lack of correlation between these factors. Depending on the stage
and focus of their study, Shahandeh, Wright and Hons (2011)
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found that in the soils studied, clay content was not significantly
related to N-NOs, or it showed a reverse relation to the content of
residual NO;-N (i.e. its amount in soil that remained after har-
vest). In their research, Arbacauskas et al. (2018) determined that
the NO;-N content in light soils was lower than in heavier soils.

In particular, the nature of the relationship between the
granulometric composition of soil and the content of mineral
forms of nitrogen is well represented for comparative purposes by
the results of monitoring of arable soils (comprising about 5100
permanent measurement and control points) carried out
throughout Poland in 1997-2006 (Fotyma, Kesik and Pietruch,
2010) - Table 5. These results indicate that the content of
ammonium nitrogen in spring and autumn decreases with
increasing share of fine silt and clay, i.e. fluvial components
determined by a hydrometric method, and at the same time the
content of nitrate nitrogen increases. This direction of depen-
dence, indicated by the sign of correlation coefficients between
the above mentioned factors was also observed in the case of
grassland soils investigated. It should be stressed, however, that
the statistically significant character of these relations was proved
only in relation to the exchange of NH,4-N in these grassland soils.
Changes in NO3-N concurrent with changes in the proportion of
grains with a diameter <0.02 mm were negligible only, and
practically did not exist. In general, however, it is possible to
mention a certain similarity of correlations when we compare
arable and grassland soils.

In another set of correlations involving different grain size
classes of grassland soils and their organic carbon content, no
statistically significant cause and effect relationship was found.
This deviates from commonly expressed assessments in the
literature that soil texture influences the state of organic carbon
content in the soil (Augustin and Cihacek, 2016). In particular,
results of studies by different authors (Azlan et al., 2012; Sarkar,
Khan and Hanif, 2019) generally support that the organic carbon
content of a soil increases with an increase in its silt and
clay content and decreases with an increase in the proportion of
sand.

As can be seen from the comparisons made, the relation-
ships between soil grain size distribution and the amount of

nitrogen and organic carbon determined on the basis of own
studies are to a large extent different from those established
within the framework of research by other authors, which is
a factor hampering their interpretation. It may be presumed that
this differentiation was largely influenced by soil granulation
measurement techniques used in individual research: laser
diffraction vs. sieve and sedimentation. Numerous comparative
tests involving laser and conventional methods of determining
the granulometric composition of soils (soils, sediments) have
shown that their results are often inconsistent. There is
a consensus in the literature that using the laser method always
underestimates the proportion of clay fraction in the soil
(Campbell, 2003; Goraczko and Topolifiski, 2018). On the
other hand, results of different research indicate that laser
analysis tends to overestimate the contribution of sand and silt
(Ploskonka, 2010; Yang et al, 2019) compared to traditional
methods. However, some studies indicate that it is possible to
underestimate the contribution of sand (Kun et al., 2013) or to
determine it in a comparable way (Qiu et al., 2021), as well as to
overestimate the silt fraction (Bai et al., 2021). Because results
determined by laser diffraction cannot be compared with
standard methods in a 1:1 ratio (Sinkoviové et al., 2017), existing
limit numbers for soil grain size classification (Taubner, Roth and
Tippkotter, 2000) cannot be applied. To make it possible, it is
necessary transform results obtained by the abovementioned
methods (so far, no systematic approach has been developed).
According to Igaz et al. (2020), this should be done at the level of
laboratories using the laser diffraction method to measure the
particle size distribution in soil samples.

In the light of the discussed research results with reference
to grassland soils, it should also be pointed out that the specific
“hermetic” character of results obtained using laser diffraction
creates an obstacle of great practical importance; namely, it limits
the possibility of using these results to determine the mineral
nitrogen abundance in soils. The mineral nitrogen abundance
(i.e. amount of mineral nitrogen accumulated on 1 ha of
agricultural land in kg N-ha™) in a given soil profile is determined
for sustainable plant nitrogen fertilisation (data on soil abundance
Npmin are used in particular for developing nitrogen fertilisation

Table 5. Average contents of nitrate nitrogen (NO3-N), ammonium nitrogen (NH,-N) and mineral nitrogen N, (NO3;-N + NH,4-N)

in the 0-30 cm layer of agricultural soils in Poland in 1997-2006

Average value in
spring autumn
Parameter
soil agronomic category"
very light light mean severe very light light mean severe

Nitrate nitrogen (NO;-N) content 4.24 5.53 6.59 7.53 6.89 8.35 9.02 9.64
(mg N-kg™)
Ammonium nitrogen (NH,-N) 3.12 2.98 2.74 2.36 2.83 2.67 2.57 224
content (mg N-kg™")
Mineral nitrogen stock N,

33.9 38.3 40.4 40.3 45.8 51.5 52.2 51.0
(NO3-N + NH,-N) (kg N-ha™)

Y Depending on the share of the soil fluvial fraction (FF) determined by the Boyuocos-Casagrande areometric method modified by Prészynski, four
agronomic categories of soils: very light - FF < 10%, light - 10 < FF < 20%, medium - 20 < FF < 35%, and heavy - FF > 35%, based on: Fotyma, Kesik

and Pietruch (2010), Straczynski and Wrobel (2000).
Source: own study based on: Fotyma, Kesik and Pietruch (2010).

© 2023. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)
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plans). The soil abundance index N,;, can be calculated using the
Equation (1):

ZN =Y- ]Vmin -h-10 (1)

where: Zy = mineral nitrogen resources in soil layer 0-30 (kg-ha™),
y = soil bulk density (kg DM-dm>, Mg DM-m%); N, = content
of mineral nitrogen N,,;, in soil layer 0-30 (NO5-N content +
N-NH, content in 0-30 soil layer) (mg Nmm-kg'1 DM), h = soil
layer thickness (m).

In the context of the discussed limitation to the laser
method, it is crucial that the value of “soil density” in the equation
depends on its granulometric composition. For the calculation of
the Ny, in different agronomic categories of arable soils in
Poland - Table 5, we use data on density of different soil types.
These data should not be used to calculate N,,;, in soils whose
type was determined by measurements of the grain size
distribution using the laser diffraction method, e.g. as obtained
within the framework of the study carried out for grassland soils.
Otherwise, the calculated N,,,;, values can be false. The range of
calculation error can be indirectly deduced from comparative
analyses carried out by different authors on the results of
granulometric composition of soils determined by laser and
sedimentation methods. In this respect, we can find data
indicating that the agreement between the distribution of
different particle sizes measured by methods compared can range
from 95% (Sinkoviova et al, 2017) to 40% or even less (Lopez,
Gustavsson and Korkiala-Tanttu, 2021). In their comparative
study of the state of soil granulation by laser diffraction and
hydrometric methods, Ryzak and Bieganowski (2010) obtained
a concordance of results at the level of 80-90%. In the opinion of
these authors, the level of agreement is sufficient for the majority
of practical laser method applications, e.g. for determining the
soil category or recommendation of fertilisers.

CONCLUSIONS

Laser diffraction data pertaining to the impact of grassland soil
texture on mineral nitrogen and organic carbon content suggest
that:

— as the proportion of silt and clay decreases in grassland soils
and the sand fraction increases, the content of ammonium
nitrogen increases (in spring and autumn);

- granulometric composition of grassland soils does not affect
their nitrate nitrogen or organic carbon content.

To a large extent, these findings do not correspond with
results of similar studies presented in the literature, although
these have been conducted using sieve and sedimentation
methods for determining the grain size.

At present, the knowledge derived from the research cannot
be fully exploited because the results of measurements of soil
particle size distribution using the laser diffraction method and
standard methods cannot be directly, as well as indirectly (e.g.
based on regression equations) compared. Additional factor is the
lack of appropriate norms regarding the classification of research
results obtained with the laser particle size analyser. This indicates
the need to look for solutions to make the knowledge more
practicable.
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