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Streszczenie: Badano wpltyw nawozenia weglem brunatnym oraz preparatem o nazwie ,,Rekulter”
zawierajacym wegiel brunatny na wiasciwoscei kwaséw huminowych gleb Stagnic Luvisols i Gleyic
Podzols. Stwierdzono, ze niezaleznie od formy wprowadzanego do gleby wegla brunatnego naste-
puje wzbogacenie w wegiel, natomiast wyrazne zubozenie w azot czasteczek kwaséw huminowych,
wzrasta rowniez odporno$¢ kwasow huminowych na rozktad termiczny. llo$¢ wprowadzonego do
gleby wegla brunatnego nie wptywa na wiasciwosci kwaséw huminowych. Zawartos¢ organiczne-
go wegla w probkach gleby oraz ilo$¢ ekstrahowanych substancji humusowych zalezy od dawki
zastosowanego Rekultera.
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Abstract: The influence of fertilising with brown coal and with the preparation containing brown
coal ‘called Rekulter’ on properties of humic acids of Stagnic Luvisols and Gleyic Podzols soils was
studied. It was found that, independent of a form of brown coal applied into soil, it causes enrich-
ment of humic acids molecules in carbon and a distinct impoverishment in nitrogen, it also incre-
ases the resistance of humic acids to thermal decomposition. The amount of brown coal applied
into soil does not effect the properties of formatting humic acids. The content of organic carbon in
soil samples and the amount of extracted humic substances are dependent on doses of Rekulter
applied.
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INTRODUCTION

Brown coal is used for improvement of arable soils, as well as it can be applied as a substratum
in glasshouses and hydroponic plant cultivation [Kalembasa, Tengler 1992, Maciejewska 1993].
The studies of Maciejewska [1994] have shown that fertilisation of soils with brown coal
preparations causes exceptional enrichment of soil in organic matter, increases sorption and water
capacity of soils. Advantageous influence of brown coal on soil, results from its properties and
chemical composition, as well as its structure. An important advantage of brown coal as substratum
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and a fertiliser is its high resistance to decomposition, which enables a single application of brown
coal to keep increasing the contents of organic matter in soil up to a period a 9 years [Beresniewicz,
Nowosielski 1976, Nowosielski 1995].

The main component of brown coal is polymolecular, polyfunctional organic fraction called
humic acids. Humic acids are characterised by a common type of structure, but certain differences
are demonstrated depending on the origin [Kalembasa, Tengler 1992). Therefore, determination of
the role of brown coal in formatting process of humic substances is very important [Gonet et al.
1998, Maciejewska et al. 1998]. There are several parameters used for the estimation of properties
of humic acids depending on different origins and generally the elemental composition, but mainly
the values of aromatic ratios and the value of degree of internal oxidising, spectra properties and
parameters of thermal decomposition of humic compounds [Chefetz et al. 1997, Gonet 1989, Gonet,
Dgbska 1993, Gonet,Wegner 1994, Kumanda 1975].

The aim of the present study was to determine properties of humic acids forming in soil as a
result of application of brown coal.

MATERIAL AND METHODS

Soil samples from the pot experiment were analysed. The Wagner type plastic pots were filled
with 5.5 kg of soil samples of Stagnic Luvisols soil (taken from the “Czgstochowa region”, 3 km
north from the “Czgstochowa” foundry — sample C taken from the plough layer of cultivated field)
and soil Gleyic Podzols (soil samples taken from Dyrdy 30 km south from Czgstochowa — sample
D taken from grassland). The preparation called “Rekulter” was used in doses of 184 g per pot
(treatment 2R — 100 t per ha), and 276 g per pot (treatment 3R — 150 t per ha), as well as raw brown
coal in dose of 170 g per pot (treatment 2W — 92 t per ha). The brown coal preparation — Rekulter
contained 85% of brown coal, 10% of lowmoor peat and 4% of brown coal ash. Organic carbon
predominates in elemental composition of preparation, which presents 65% of dry matter, the
mineral part consisted 0f 0.4% potassium salt (50% K), 0.4% urea (46% N), and 0.2% triple phosphate
(20% P). In the pot experiment the following plants were cultivated: spinach, lettuce, garden radish
and maize, mineral fertilisers according to nutritional needs for plants were applied.

The soil samples for analysis were taken after two years from the beginning of the experiment.

Humic acids (HAs) were extracted from soil samples and purified according to following
procedure:

— decalcitation with 0.05 mol - dm= HCl at 1:10 (w/v) ratio, extraction time 24 h. After centrifuga-
tion of the solution the residue was washed with distilled water until a near neutral reaction was
reached;

— extraction of humic acids: solids after decalcitacation were treated with 0.5 mol - dm™ NaOH at
the 1:10 (w/v) ratio (24 h extraction time and occasional shaking), then extracts of humic acids
were centrifuged; for centrifugated extracts absorbance values were determined;

— precipitation of humic acids: the received alkaline extract was treated with 2 mol - dm= HCl until
pH was 2, after 24 hours extract was centrifuged;

— purification of humic acids: the received residue of humic acids fraction was treated with a
mixture of HCI-HF (950 ml H,0, 5 ml HCl and 5 ml HF) for 24 hours period and subsequently
separated by centrifugation. This procedure was repeated three times. After purification humic
acids were treated with distilled water until a zero reaction to chlorides was achieved, then
freeze-dried.
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The value of absorbance at wavelength of 280 nm (A,q)), 465 (A,,) and 665 (A,,) were
determined for alkali extracts and for separated humic acids. VIS spectra were performed for 0.02%
humic acids solutions in 0.1 mol - dm= NaOH and UV-spectra after fivefold dilution in Lambda 20
Perkin-Elmer Analyzer. Based on the determined absorbance values the values of the following
factors were calculated:

A, ,— absorbances ratio at 280 and 465 nm,

A, —absorbances ratio at 280 and 665 nm,

A, — absorbances ratio at 465 and 665 nm

as well as for humic acids, the values of coefficient Alog K = log A, — log Ay, were
calculated.

Elemental composition of humic acids in CHN 2400 Perkin-Elmer Analyzer were determined.
The oxygen content was calculated from the difference [100% — (%C+%H+%N)] in relation to the
ashless sample weight. Based on the elemental composition the values of atomic ratio (H:C, O:C,
N:C, O:H) as well as the internal oxidation degree [Zdanov 1965] were calculated:

0=(20+3N-H): C
where C, H, O, N —are contents of carbon, hydrogen, oxygen and nitrogen in atomic percentage.

Infrared spectra of humic acids were produced with Spectrum BX spectrometer (Perkin-Elmer)
in the range 4004000 cm™' for pellets of 3 mg KH in 800 mg KBr.

Thermal analysis was performed in Derivatograph C, MOM Hungary for 40 mg samples of
humic acids preparations mixed with AL,O, (1:9) and heated in air atmosphere at the speed of
3.3°C - min™!. Based on the results of thermal analyses the following parameters determinations
were calculated: )

— weight loss of samples related to the effects recorded on DTA curve: endothermic effect

(DTGendo), first exothermic (DTGexo-1), second exothermic (DTGexo-2),

— maximum temperatures of the effects registered on DTA curve,

— parameter Z determining the ratio of loss weight samples in low temperature range (DTGendo
+ DTGexo-1) to loss weight samples in high temperature range (DTGexo-2). The value Z is
proportional to ,,aliphaticity” of humic acids [Gonet 1989],

— parameter Q = ZDTAexo/ZDTGexo - the value of ratio of areas under the DTA curve to area
under DTG curve.

RESULTS AND DISCUSSION

The basic properties of soil samples are given in Table 1. Soils with the application of Rekulter
or brown coal were characterised with a higher content of organic carbon (TOC) and considerably
higher values of C : N ratio. The increase in nitrogen content after application of brown coal
preparations was not significant. Rekulter addition to soil has increased pH value, it confirms
earlier results [Gonet et al. 1994]. The application of brown coal (treatments D2W and C2W) did
not change of pH values of analysed soils.

Spectral properties of humic acids

The absorbance values at wavelengths of 280, 465 and 665 nm of alkali extracts of soil samples
obtained during extraction of HAs are presented in Table 2. Alkali extracts contained humic acids
and fulvic fractions. Extracts from soils fertilized with the highest dose of Rekulter (3R) had the
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TABLE 1. The basic propertics of soil samples

Sample Dose of pHin pHin | TOC Nitrogen |C:N

Rekulter or | H,O KCl [g-kg'l |[g- ke

brown coal

(t- ha”]
D 0 6.55 6.10 8.7 1.04 9.7
D2R 100 6.90 6.50 16.0 1.14 16.2
D3R 150 7.05 6.65 18.9 1.20 18.4
D2W - row 92 6.50 6.10 16.4 1.12 17.2
brown coal
C 0 5.70 5.35 122 1.20 11.9
C2R 100 6.15 5.85 20.6 1.35 17.7
C3R 150 6.35 5.95 23.4 1.43 19.1
C2W - row 92 5.85 5.50 21.6 1.33 18.9
brown coal

highest absorbance values, this is the results of the highest TOC content in these samples. An
addition of brown coal into treatments 2W in dose respondent with contents of organic carbon in
treatment 2R, resulted in higher absorbance values, as compared with treatment 2R. This
phenomenon is connected with the quality of organic matter introduced into soil with brown coal
and “Rekulter”.

TABLE 2. Spectral properties of alkali extracts of soil

samples

Sample | A280 | A465 | A665 | A2/4 | A2/6 | A4/6
D 102 [1.44 |0268 | 7.08 |37.9 |5.36
D2R 39.0 [6.86 |1.26 |569 |309 |543
D3R 46.0 |859 |1.62 |[536 |285 |5.31
D2W  [37.7 |7.02 [138 |537 |274 |5.09
C 157 12.09 |035 |[7.51 |449 |597
C2R 320 (552 1097 |581 |33.1 |5.70
C3R 482 875 [1.68 |551 |286 |5.20
c2w 415 | 731 |[135 |[5.68 [30.7 |54l

The absorbance values of the ratios
A,, and A, of soil extracts extracted
from samples fertilized with Rekulter or
brown coal were lower than the ones for
control treatments (D and C). Generally,
the values of A, ratios of alkali were
similar. A more exact interpretation is
difficult since the analysed extracts were
different in the TOC concentration.

Elemental composition
of humic acids

The elemental composition of humic
acids is given in Table 3. Humic acids
extracted from the soil samples where the
decomposition of Rekulter in soil was
presented, contained more carbon and
less hydrogen and nitrogen in comparison
with HAs from soil not treated with this
preparation. However, the oxygen con-
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TABLE 3. Elemental composition of humic acids (in atom percent)

Sample C H N o H:C |[N:C |0:C O:H |w

D 3498 | 42.89 2.87 19.56 1.23 0.074 | 0.56 0.46 0.113

D2R 37.43 | 41.01 1.69 19.88 1.10 0.045 |0.53 0.48 0.102

D3R 37.69 | 40.36 1.40 20.55 1.07 0.037 |0.55 0.51 0.131

D2W 37.71 | 41.10 1.56 19.63 1.09 0.041 |0.52 0.48 0.075

C 3444 |43.20 2.47 19.89 1.25 0.072 | 0.58 0.46 0.116
C2R 36.90 | 41.31 1.57 20.22 1.12 0.042 | 0.55 0.49 0.105
C3R 36.63 | 41.51 1.49 20.37 1.13 0.041 |0.56 0.49 0.101

c2w 36.57 | 41.55 1.65 20.22 1.14 0.045 |0.55 0.49 0.105

tents were similar in all the samples. The reflection of elemental composition are the values of
atomic ratios. Humic acids extracted from the soils fertilized with Rekulter or brown coal are
characterised by lower values of H:C and N:C ratio while the values of the O:C and O:H ratios were
similar. Nevertheless, it effects the value of parameter defining the degree of internal oxidising ().
According to Van Krevelen [1950], the values of the H:C ratio about 0.3 are characteristic for
highly condensed aromatic rings, 0.7-1.5 reflect aromatic rings bound with aliphatic chains, whereas
the values of 2.0 are characteristic for paraffins. The introduction of Rekulter into liming soil
caused an increase in the “aromaticity” of HAs molecules (a decrease of the H:C values).

Differential thermal analysis
TABLE 4. Parameters of thermal decomposition of humic

Typical thermograms of the humic  acids
acids from soil non-fertilised (D) and
fertilised with brown coal (D2W) and Sam- | DTGendo | DTGexo-1 | DTGexo-2 | Z Q
Rekulter (D2R and D3R) are givenin | Pl
Figure 1. On the basis of thermal analy-

weight loss [%)]

sis it was stated that humic sqbstances D 12.0 387 493 1.03 | 4.84
consist of two parts [Dziadowiec 1979,
Gonet 1989]. The part with a lower | D2R |12.5 35.8 51.7 083 |5.17
decomposition temperature reacts in
temperature range up to 350°C (so- | D3R |145 29.6 55.9 0.79 | 5.41

called ,,Jow-temperature”) and the part

with a higher resistance to temperature Dzw | 11.7 32.0 56.3 0.78 |5.38
reacts in the higher up 350°C tempe- | ¢ 13.5 432 433 131 | 4.78
rature range (so-called ,,high-tempe-
rature”). The endothermic effect gene- | c2r | 12.5 32.8 54.7 0.83 [5.13
rally appears in the low-temperature
range (endo, about 100°C) related with | C3R | 14.1 30.1 55.8 0.79 |5.28

evaporation of adsorbed water and to
the destruction of functional groups, C2w 1125 34.7 52.8 0.89 | 4.98
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FIGURE | Thermograms of the humic acids extracted from D-soil

and the exothermic effect (exo-1) caused by further oxidising of functional groups and the
destruction of peripheric aliphatic chains. In the high-temperature range (exo-2) the decomposition
of the aromatic part of humic acids proceeds. The thermcgrams of the humic acids studied,
included one endothermic and two exothermic effects in the range temperatures given above. The
distinct broadening of a peak respondent to the second exothermic effect can suggest that in
range of temperatures studied occur a series of covering exothermic effects difficult to isolate
(Fig. 1). The highest loss of weight in low-temperature range and the lowest in high-temperature



Brown coal as the factor modifying the properties of soil organic matter 37

range was found for HAs samples extracted from soil without any additions of fertilizers (D and C).
The application of Rekulter or brown coal into the soil influenced the increase of a weight loss in
the high-temperature range respondent to the effect (Table 4). It has been reflected in the values
of parameter Z, which was the highest for HAs without the additions (D and C). The values of
parameter Z can be interpreted as a measure of the samples aliphaticity. The HAs extracted from
soils fertilized with Rekulter or brown coal were characterised with the lower values of Z parameter,
so they have higher aromaticity.

Values of Q express a parameter describing the calorific values of samples, so they are directly
proportional to the combustion heat. Humic acids from soils with applied Rekulter or brown coal
were characterised with higher values of Q (Table 4). So, we can conclude that the combustion
heat of HAs mentioned is higher compared to HAs extracted from the control.

Spectral properties of humic acids

The absorbance values (in UV-VIS region) of HAs are presented in Table 5. The absorbance
values of HAs extracted from soils fertilized with Rekulter or brown coal were generally higher
than values of HAs extracted from the control soil. It is generally accepted for humic acids
extracted from soils, that:

A, €Xpresses participation of humic structures, characteristic for precursors of humic substances,

A ,¢s— participation of ,,young” humic acids in the initial stage of humification,
A~ participation of ,,mature” humic acids characteristic for the well humified soil organic matter.

The values of A, , and A, , ratios for humic acids extracted from soils fertilized with Rekulter
or brown coal were lower than in control soil, this caused formation of ,,young” humic acids, which
do not have lignin structure. The values of A, of all humic acids are similar. Humic acids extracted
from soil samples, where brown coal preparation or Rekulter was used, were characterised with
higher values A, and Alog K in comparison to humic acids from objects non-fertilised with
Rekulter. It was the consequence of the increase in participation of humic acids with the initial
decomposition stage and without changes in participation of HAs with a high degree of
humification. On the basis of the Alog K values [Kumada 1975] divided humic acids into three

basic types:

TABLE 5. Spectral properties of humic acids

Sample | A280 | A465 A600 A665 | A2/4 A2/6 A4/6 AlogK

D 5.45 1.01 0.363 0.210 |5.38 26.0 4.83 0.705

D2R 6.11 1.23 0.414 0.233 | 4.97 26.3 5.28 0.738

D3R 7.27 1.54 0.514 0.289 | 4.73 25.1 5.31 0.744

D2W 6.42 1.31 0.439 0.246 | 4.88 26.1 5.34 0.740

C 4.60 0.881 0.310 0.176 |5.22 26.2 5.01 0.717

C2R 5.72 1.23 0.417 0.236 | 4.66 243 5.22 0.732

C3R 5.71 1.22 0.410 0.232 | 4.68 24.6 5.27 0.738

c2w 4.48 0.956 0.326 0.187 | 4.68 23.9 5.11 0.731
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type A —humic acids of a high humification degree, for which values of the Alog K are up to 0.6;

type B — those of corresponding values between 0.6 and 0.8; type R_— Alog K values with the range
0.8-1.1. The humic acids extracted from soils without brown coal and with brown coal can be
accepted as a type B.

The values of A, are connected with molecular weight of humic substances [Chen et al. 1977,
Gonet, Wegner 1994, Kumanda 1987]. It is generally accepted that these values are adversely
proportional to the average molecular weight. Obtained results showed that fertilisation with
Rekulter produces humic acids of the highest participation of molecules of smaller molecular
weight.

Infrared spectra

Fundamental differences between the HAs spectra originating from the soil fertilized with
brown coal and non-fertilized were found in the ranges: 2860-2960 cm™' (-CH, and =CH, in aliphatic
chains) and 1530-1670 cm™! (complex band: C=0 of various origin, NH in amide, C=C of aromatic
rings) [Stevenson, Goh 1971, Gonet 1989]. Humic acids spectra from the soils fertilized with brown
coal were characterised by the shape of band spectra with maximum about 1720 cm™. It allows to
conclude that they posses more carboxyl functional groups. The spectra of humic acids separated
from soils without any additions were observed at a 1530-1670 cm™' with maximum at 1660 cm™.
In HAs spectra separated from soil fertilised with brown coal at the presence of a wide band with
maximum at 1620 cm™! was observed. It indicates a higher aromaticity of these HAs in comparison
with HAs from the control soil. It corresponds with the analysis of the spectra about 2900 cm™,
where higher intensity of peak for HAs extracted from soil fertilized with brown coal was recorded.
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FIGURE 2. IR-spectra of humic acids extracted from D-soil
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Absorption band at 1640 cm™ results from the occurrence of nitrogen structures in HAs. According to
the results of elemental composition, humic acids from the soil fertilized with brown coal had a lower
content of nitrogen in their particles, which was confirmed by a lower absorption in this IR-range.

On the basis of a correlation analysis (Table 6), it can be stated that the higher content of carbon
was related to the higher value of absorbance in the UV-VIS range. The values of A ¢ ratio were
positively correlated with the values of H : Cand N : Cratios, however the higher valuesof A, and
Alog K were related with the lower values of H : C and N : C ratios. The correlation coefficients
between the parameters of thermal decomposition and elemental composition of humic acids extracted
from soils with brown coal are similar to HAs extracted from soils [Gonet 1989]. The research confirmed
that the value of parameter Z interprets an aliphatic degree of humic acids which contain more
aromatic structures and have a higher burning heat. The research confirmed that the value of
parameter Z expresses a degree of alipaticity of HAs molecules, whereas humic acids with a higher
participation of aromatic structures posses higher combustion heat.

CONCLUSIONS

The fertilisation of soils with brown coal increases the content of carbon as well as the quantity
of extracted humic substances. Simultaneously, the addition of brown coal causes an increase in
the content of carbon in HAs particles and consequently, a decrease in value H : C ratio. After the
application of Rekulter into soil the content of nitrogen in HAs particles is decreasing, however
the content of oxygen is unchanged. The application of brown coal into the soils results in a
significant increase in C : N ratio in soils and this indicates the necessity of fertilisation these soils
with nitrogen. The decrease in parameter Z (coefficient of aromaticity) and the increase of value of

141302
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FIGURE 3. IR-spectra of humic acids extracted from C-soil
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TABLE 6. Significant correlation between the spectral and thermal parameters and
elemental composition

Parametr | C H N O H:C N:C |0:C O:H
A280 0.723 | -0.742 |- - -0.732 | - - -
A465 0.829 | -0.865 |- - -0.852 | -0.747 | - 0.759
A665 0.773 | -0.814 |- - —0.796 | - - 0.718
A2/4 -0.724 | 0.769 0934 | -0.773 | 0.768 0914 | - -0.875
A2/6 - - - -0.725 | - - - -
Ad/6 0.894 | -0.876 |-0934 |- -0.907 | -0916 | - 0.731
AlgK 0.909 | -0.919 |-0.968 |- —0.932 | -0.952 | - 0.828
z -0.917 | 0.890 0.800 |- 0910 | 0.887 | 0.740 | 0.756
Q 0910 |-0.900 |-0.840 |- -0.923 | —-0.879 | — 0.772

parameter defining calorific value indicate the increase in resistance of HAs to decomposition.
The quality parameter values were effected neither by the dose of Rekulter application into the
soil, nor by brown coal applied into the soil.
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