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INTRODUCTION

It is well known, that sampling methods of soils
and procedures of their preparation for analysis can
strongly affect the results. The standard procedure of
soil preparation prior to chemical analysis is drying
at room temperature or in an oven at temperature usu-
ally not exceeding 40°C. Chemical analyses (inclu-
ding extractions of different components of soil) are
usually carried out based on air-dried material within
even a few months after sampling. Meanwhile, du-
ring the drying and storing the samples changes in
their chemical and physical properties can take pla-
ce. The changes in chemical composition, leading to
increase or decrease of particular components con-
centration, are usually an effect of accelerated activi-
ty of microorganisms, which can be positively stimu-
lated by temperature in initial stage of drying. Chan-
ges in physical properties of samples can influence
efficiency of extraction. Particularly large changes
take place during drying samples which are rich in
organic matter (e.g. peat, which change the structure
and become hydrophobic properties). Finally, measu-
red values of the content of some components in
extracts of fresh and dry samples can significantly
differ each other (Anderson and Beverly 1985; Gil-

liam and Richter 1988; Shepherd et al. 2007; Száková
et al. 2010). The aim of the study was to assess of the
influence of peat samples drying on the concentra-
tions of carbon and nitrogen fractions.

MATERIAL AND METHODS

Ten samples of peat were collected in June 2013
from headwater peatlands in the valley of Kamienna
Creek (northern Poland). Degree of peat mass decom-
position in the field was determined after von Post scale
(Grosse-Brauckmann 1990). Roots and parts of wood
over 1 cm large were removed from the samples in
sampling day. Then, the samples were mixed and divi-
ded into two parts. The same day first part was extrac-
ted three times � in 0.25 mol KCl·dm�3 (3 hours in
room temperature), 0.25 mol H2SO4·dm�3 (3 hours in
90°C) and 2.5 mol H2SO4·dm�3 (3 hours in 90°C)
(Kalembasa 1995, Becher and Kalembasa 2011). In
0.25 mol KCl·dm�3 extracts were analyzed: the con-
tent of nitrate nitrogen (NO3�N) by colorimetric me-
thod with sodium salicylate, ammonium nitrogen
(NH4�N) by steam distillation using distilling unit
VELP UDK-127 and dissolved organic nitrogen
(DON) with Kjeldahl method. The content of carbon
in 0.25 mol H2SO4·dm�3 and 2.5 mol H2SO4·dm�3
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DON and HHC. 1.6�3.5 times higher concentrations of NO3�N were observed in dry samples in comparison with fresh. In dried
samples were also observed higher concentrations of NH4�N and DON. In general lower concentrations of EHN, NHN, HHC and
higher of HHN and EHC were observed in dried samples in comparison to fresh. Higher content of mineral nitrogen, as well as DON
and DOC in dried samples, is probably an effect of mineralization of carbon and nitrogen compounds during initial stage of drying.
The obtained data suggest, that the content of NO3�N, NH4�N, DON and EHC analyzed in dried samples of peat is overestimated.
Extractions of the fractions from organic samples should be done based on fresh samples, just after sampling.
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extracts was analyzed using Tiurin method. The con-
tent of nitrogen in the same extracts was determined
by Kjeldahl method. Remaining after extraction soil
samples were quantitatively moved to evaporating
dishes, dried in 105°C until the constant weight, and
weighted.

The second part of peat sample was dried in 40°C
until the constant weight and crushed to the size of
aggregates less than 1 cm. After two weeks samples
were extracted and analyzed using the same methods
as for fresh samples. A part of samples was milled
and analyzed for the content of soil organic matter
(SOM) as loss on ignition in 550°C, pH with poten-
tiometer method, content of total organic carbon
(TOC) with Alten method and total nitrogen (TN) with
Kjeldahl method.

Based on the extractions, in fresh and dried sam-
ples the content of following fractions of carbon and
nitrogen was calculated:

� easy hydrolyzable carbon (EHC) = the content
of organic carbon extracted using 0,25 mol
H2SO4·dm�3,

� hardly hydrolyzable carbon (HHC) = the con-
tent of organic carbon extracted using 2,5 mol
H2SO4·dm�3 � EHC

� nonhydrolyzable carbon (NHC) = TOC� EHC�
HHC,

� nitrate nitrogen (NO3�N) = the content of NO3�N
extracted using 0,25 mol KCl·dm�3,

� ammonium nitrogen (NH4�N) = the content of
NH4�N extracted using 0,25 mol KCl·dm�3,

� dissolved organic nitrogen (DON) = the con-
tent of Kjeldahl�s nitrogen extracted using 0,25
mol KCl·dm�3�NH4N,

� easy hydrolyzable nitrogen (EHN) = the con-
tent of nitrogen extracted using 0,25 mol
H2SO4·dm�3�DON�NH4N,

� hardly hydrolyzable nitrogen (HHN) = the con-
tent of nitrogen extracted using 2,5 mol
H2SO4·dm�3�EHN�DON�NH4N,

� nonhydrolyzable nitrogen (NHN) = TN�HHN�
EHN�DON�NH4�N.

Statistica software was applied to statistical ana-
lysis.

RESULTS AND DISCUSSION

Carbon and nitrogen, as major components of soil
organic matter are present in the soils in different
forms, which can be extracted with suitable reagents
(Kelley and Stevenson 1995; Shulten and Shnitzer
1998). One of the commonly used method is sequen-
tial extraction in 0.25 mol KCl·dm�3, 0.25 mol
H2SO4·dm�3 and 2.5 mol H2SO4·dm�3, which allows

to isolate a few fractions of carbon and nitrogen of
different susceptibility to acid hydrolyzis and mine-
ral fractions of nitrogen (Kalembasa 1995; Kalemba-
sa and Becher 2009; Becher and Kalembasa 2011).
The method is applied both to mineral and organic
samples, which are usually extracted as air-dried in
different time after sampling. However, results of
many studies show, that measured values of concen-
tration of some components in fresh and dried sam-
ples can significantly differ each other (Anderson and
Beverly 1985; Gilliam and Richter 1988; Shepherd
et al. 2007; Száková et al. 2010). It is a result of mi-
crobiological processes running during drying and
storing of samples, and changes in physical proper-
ties of samples, which can influence efficiency of
extraction. The investigated samples were charac-
terized by high degree of peat mass decomposition
(7�10 in 10-point scale) and had different content of
SOM (228.4�819.4 g·kg�1), TOC (121.3�406.9 g·kg�1),
and TN (7.1�28.1 g·kg�1) (Table 1). NHC was the ma-
jor component of TOC with contribution of 65.4�89.0%
in fresh samples and 69.8�86.8% in dried ones (Fig. 1).
The observed differences between fresh and dried
samples in the content of NHC and contribution of
the form in TOC were small. In all cases, slightly hi-
gher concentrations of EHC were observed in dried
samples. The differences were the greater, the more
SOM and TOC was present in the samples, which is
confirmed by high, statistically significant correla-
tion coefficients (Table 2). The content of EHC was
also strongly negatively related to peat mass decom-
position degree. It can be assumed, that in a few first
hours of drying (until the samples contained suffi-
cient amount of water), in relatively low temperature
(40°) the biological activity could occur, which re-
sulted in intensive mineralization of carbon and ni-
trogen compounds. HHC fraction had been minerali-
zed mainly, hence its lower content in dried samples
(Fig. 1).

TABLE 1. Selected properties of soil samples
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40.6
33.6
52.6

4.918
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2.408
0.264
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7.667
8.494
4.822
0.113

9.604
7.752
6.431
4.483
4.152
3.121
1.883
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5.231
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0.62
4.81
3.01
4.62
0.71
2.01
1.82
7.51
1.7
4.31

7.51
0.41
0.31
6.41
8.41
8.11
8.31
2.71
6.81
4.61

Explanations: H � degree of peat mass decomposition after von
Post scale; SOM � soil organic matter; TOC � total organic car-
bon; TN � total nitrogen.
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Explanations:  H � degree of peat mass decomposition after von Post scale; SOM � soil organic matter; TOC � total organic carbon; TN � total nitrogen;
EHC � easy hydrolyzable carbon; HHC � hardly hydrolyzable carbon; NHC � nonhydrolyzable carbon; NO3�N � nitrate nitrogen; NH4�N � ammonium
nitrogen; DON � dissolved organic nitrogen; EHN � easy hydrolyzable nitrogen; HHN � hardly hydrolyzable nitrogen; NHN � nonhydrolyzable
nitrogen.

TABLE 2. Statistically significant (at p<0.05) correlation coefficients between the differences in the content of carbon and nitrogen
fractions measured in fresh and dried samples vs the content of SOM, TOC, TN and H

FIGURE 1. The content of carbon fractions and their contribution in TOC measured in fresh and dried samples

Mineral nitrogen is usually not very abundant con-
stituent in soil (Kalembasa and Becher 2009), which
is mainly a result of intensive uptake by plant roots
and microorganisms. NH4�N form usually dominate
in the pool. Such regularities were also noticed in the
investigated samples, however large differences in the
content both nitrate and ammonium form measured

in fresh and dried samples (Fig. 2) were observed.
The content of NO3�N ranged from 0.0000032 to
0.0000264 g·kg�1 in fresh samples, and from
0.0000072 to 0.0000497 g·kg�1 (1.6�3.5 times higher)
in dried ones. The size of difference between fresh
and dried samples in the content of NO3�N was stron-
gly positively correlated with the content of SOM,
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TOC and TN (Table 2). The measured con-
tent of NH4�N in most cases was also higher
in fresh samples (0.056�0.183 g·kg�1) in rela-
tion to dried ones (0.095�0.300 g·kg�1). The
highest differences between fresh and dried
samples were observed in the content of
DON (Fig. 2), however concentrations of
this form were relatively low (0.0007�
0.0339 g·kg�1 in fresh samples and 0.0050�
0.1652 g·kg�1 in dried ones). Drying of peat
samples had also some effect on measured
content of EHN, HHN and NHN, but it was
not so clear as for NO3�N, NH4�N and
DON.

CONCLUSIONS

1. The data obtained clearly show an effect
of drying of peat samples on measured
values of some carbon and nitrogen frac-
tions � particularly NO3�N, NH4�N and
DON. Higher concentrations of the com-
ponents were observed in dried samples
in compare to fresh. The differences were
the greater, the more SOM and TN were
present in the samples, which was con-
firmed by statistically significant corre-
lation coefficients. Differences in the
content of EHC, HHN and NHN were
not so high and clear. Higher content of
HHC was observed in fresh samples.
Higher content of EHC was found in
dried samples than in fresh ones.

2. The increase of the concentration of
NO3�N, NH4�N, as well as DON and
EHC, after drying, is probably an effect
of increased microbiological activity in
soil samples during the first stages of
drying, and intensive mineralization of
organic carbon and nitrogen. The con-
centration of the fractions determined in
dried samples are overestimated. Results
of the experiment suggest, that extrac-
tions of carbon and nitrogen fractions
from organic samples should be done
based on fresh samples, just after sam-
pling.

contribution in TOC [%]content [g×kg�1]

NHN

HHN

EHN

DON

NH4�N

NO3�N

IUHVK�VDPSOHV����������������GULHG�VDPSOHV
FIGURE 2. The content of nitrogen fractions and their
contribution in TN measured in fresh and dried samples
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Wp³yw procesu suszenia próbek gleb torfowych na zawarto�æ frakcji wêgla i azotu

Streszczenie: Celem badañ by³a ocena wp³ywu procesu suszenia próbek gleb torfowych na zawarto�æ frakcji wêgla i azotu.
Ekstrakcje prowadzono w ujednoliconych próbkach �wie¿ych (w dniu poboru) oraz tych samych próbkach po ich wysuszeniu w
temperaturze 40°C i przechowywaniu przez okres dwóch tygodni. Na podstawie ekstrakcji gleb w 0,25 mol KCl·dm�3, 0,25 mol
H2SO4·dm�3 i 2,5 mol H2SO4·dm�3 oraz analizy zawarto�ci wêgla organicznego (TOC) i azotu ca³kowitego (TN) wydzielono nastê-
puj¹ce formy wêgla i azotu: wêgiel niehydrolizuj¹cy (NHC), azot niehydrolizuj¹cy (NHN), trudno hydrolizuj¹cy wêgiel (HHC) i
azot (HHN), ³atwo hydrolizuj¹cy wêgiel (EHC) i azot (EHN), rozpuszczalny azot organiczny (DON) oraz forma amonowa (NH4�N)
i azotanowa (NO3�N) tego pierwiastka. Obserwowano du¿e ró¿nice pomiêdzy próbkami �wie¿ymi i suszonymi pod wzglêdem
zawarto�ci niektórych form wêgla i azotu, szczególnie NO3�N, NH4�N, DON and HHC. W próbkach suszonych notowano 1,6�3,5
razy wiêksze stê¿enia NO3�N, a tak¿e znacznie wiêksze stê¿enia NH4�N i DON. Na ogó³ ni¿sze stê¿enia EHN, NHN, HHC i wy¿sze
HHN i EHC wystêpowa³y w próbkach suszonych w porównaniu do �wie¿ych. Wyra�nie wy¿sza zawarto�æ: azotu mineralnego, DON
i DOC w próbkach suszonych, jest zapewne efektem zwiêkszonej mineralizacji zwi¹zków wêgla i azotu w pocz¹tkowej fazie susze-
nia. Uzyskane dane wskazuj¹, ¿e zawarto�æ NO3�N, NH4�N, DON i EHC oznaczona w próbkach organicznych po ich suszeniu jest
zawy¿ona. Ekstrakcje tych frakcji powinny byæ wykonywane w próbkach �wie¿ych, w dniu ich poboru.

S³owa kluczowe: gleby organiczne, formy wêgla, formy azotu, ekstrakcja gleb


