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Abstract

Studies on organic matter have always been an important part of soil environment characteriza-
tion. However, an extraction of humic substances from the organo-mineral complexes is diffi  cult 
and requires special procedures. Sodium hydroxide, sodium pyrophosphate and sulfuric acids are 
among the basic extractants. However, its application in  various order, combinations and con-
centrations arises question on the comparability of the results obtained from various methods. 
The aim of the review was to compare the major fractionation procedures according to Tiurin, 
Kononowa/Belczikowa, Boratyński/Wilk, and Duchaufour/Jacquin, and the composition of soil hu-
mus as investigated by these methods, using the published data for chernozemic soils from various 
regions of Poland. The comparison confi rmed, that these major fractionation procedures are hardly 
comparable in chemical terms due to differences in extraction environment. However, taking into 
account the declared binding strength of extracted humus fractions to the mineral soil compounds, 
the methods of Tiurin and Boratyński/Wilk gave the most compatible results. In general, all applied 
methods indicated a predominance of the humus fractions weakly and more strongly bound to non-
silicate soil compounds (apart from the high contribution of humins/non-extractable residuum). 
Considering all multistage and long lasting  procedures applying different reagents in various con-
centration, the best results can be achieved with method of Tiurin. At the same time  authors sug-
gest that more advanced studies concerning composition, structure or other properties of extracted 
humic substances using the non-invasive procedures need to be carried out. 
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1. Introduction

Soil organic matter (SOM) is one of the most essential com-
ponents of soil, due to its beneficial effects on the physical, 
chemical and biological soil properties (Swift, 1996; Drewnik, 
2006; Gonet et al., 2007; Weber et al., 2018). SOM properties may 
significantly differ due to specific pedogenesis and habitat condi-
tions (Dziadowiec, 1992; Stevenson, 1994; Kwiatkowska-Malina, 
2018). Therefore, a qualitative and quantitative analysis of hum-
ic substances (HS), the crucial part of SOM, is an important tool 
providing valid information about the stability of the ecosystem, 
dominant soil processes, and soil trophic status (Schnitzer, 1978; 
Hayes and Swift, 1990).

The importance of humus has been deducted as early as 
in the late 18th century and since then, the attempts of extrac-
tion, description and chemical characterization of HS have been 
made (Kabała, 2015). The soil treatment with acid or alkaline so-
lutions gained widespread popularity and led to the isolation of 

many organic compounds, to which the structure and function 
in soil environment were assigned (Kononowa, 1968). So many 
humic substances have been isolated and named as separate 
compounds by the end of the 19th century that it led to a gen-
eral criticism for chemical extraction as creating “analytical arti-
facts” (Waksman, 1925; Stevenson, 1994). The debates on the ex-
traction and fractionation of HS have continue until present and 
still concentrate on the question of how the materials obtained 
by chemical extraction represent true structure and biological 
function of organic matter (Kleber and Johnson, 2010; Lehman 
and Kleber, 2015; Olk et al., 2019). However, it does not change a 
commonly accepted statement that there is no better alternative 
than sodium hydroxide solution for the separation of the humic 
substances from soil (Schnitzer and Monreal, 2011; Ohno et al., 
2019), despite an increasing suitability of non-destructive quan-
titative analysis (Chodak, 2008; Strouhalova et al., 2019; Wells, 
2019). However, even scientist who support the classical alka-
line extractions in SOM studies, faced a problem of inconsisten-
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cy between extraction procedures and possible incomparability 
of their results (Andrzejewski, 1963; Mucha, 1961). 

In Poland, as in the other countries, several methods of 
chemical fractionation of soil humus have been applied (Dzia-
dowiec and Gonet, 1999; Swift, 1996). Therefore, it becomes an 
important question, how consistent is the current knowledge 
about humus fractions in particular soil types if researchers 
used various fractionation techniques. This issue does not con-
fine exclusively to the contribution of identified fractions, but 
also to the conclusions on how the composition of humus influ-
ences the soil functions.

An analysis of the fractional composition of humus has 
been done in Poland in various soil types (e.g. Uggla et al., 1978; 
Skłodowski, 1986; Gałka and Łabaz, 2013; Jamroz et al., 2014; 
Wasak and Drewnik, 2016); however it has focused in majority 
on chernozemic soils: chernozems and black earths, and less 
frequently on chernozemic/humic rendzinas. Chernozemic soils 
are featured by the abundance of a high quality humus, which 
enhances soil fertility and crop yields (e.g. Borowiec and Wybi-
eralska, 1969; Turski, 1971; Licznar and Drozd, 1985; Licznar et 
al., 2004). Therefore, the mentioned group of soils seems to be 
one of the bests objects for comparison purposes.

The aim of the review was (a) to compare the humus sequen-
tial fractionation procedures most commonly applied in Poland 
and (b) to compare their quantitative results for chernozemic 
soils (chernozems and black earths) from various regions of Po-
land, based on the data available in published papers.

2. Methodology of comparative analysis

The analysis in this study based on Polish papers concern-
ing sequential humus fractionation published since the end of 
World War II. The comparison includes the methods according 
to Tiurin (T method), Kononowa and Belczikowa (K-B method), 
Boratyński and Wilk (B-W method), Duchaufour and Jacquin (D-
J method) (Tab. 1), collected in the laboratory guidebook for soil 
organic matter studies (Dziadowiec and Gonet, 1999). The frac-
tionation technique according to Ponomarieva and Plotnikova 
(1980) has not been included due to the lack of papers present-
ing the results of this method from Polish chernozemic soils. Also 
the popular procedure of Schnitzer (1978) and standard IHSS ex-
traction (Swift, 1996) have been omitted, as these methods are 
not classical, sequential fractionations of whole soil humus, but 
only extract a selected single fraction of humic substances for 
further separation, purification and structural analyses of in-
volved humic and fulvic acid. These single extractions, although 
are commonly used to characterize the composition of humic 
substances, do not cover a significant portion of poorly-extract-
able organic substances, involved in “humus” definition most 
commonly applied in Poland (Gonet et al., 2015). Thus, although 
the simplified single extractions have received increasing pop-
ularity in recent decades (Drozd et al., 2009; Drąg et al., 2010; 
Kondratowicz-Maciejewska et al., 2012; Ćwieląg-Piasecka et al., 
2018; Weber et al., 2020) are, from definition, incomparable with 
sequential extraction and provide different information about 
soil humus (Swift, 1996).

The first step of analysis was to classify the different frac-
tions mentioned in particular procedures into few “general-
ized” fractions, taking into account similarity of chemicals used 
for their extraction and similarity of a declared (by authors) 
strength of binding to mineral soil compounds. Four extractable 
fractions and the “fraction” of non-extractable residuum were 
distinguished:
I. Low-molecular humic substances (HS), mostly mobile fulvic 

acids (CF), extracted with diluted acid solutions,
II. ‘Mobile’ HS, weakly bound to non-silicate compounds, ex-

tracted by single application of sodium hydroxide (NaOH) 
or sodium pyrophosphate (Na4P2O7),

III. HS more strongly bound to non-silicate compounds and 
calcium ions, extracted with NaOH after decalcification, or 
with a mixture of NaOH and Na4P2O7,

IV. Stable HS bound mostly to silicate minerals, extracted with 
NaOH after acidic hydrolysis (or alternately with hydroly-
sis),

V. Non-extractable residuum, sometimes identified as “hu-
mins”. 
All five “fractions” were distinguished in the Tiurin method 

only; whereas, the first or the fourth-fifth fractions were omit-
ted or combined by other procedures (Tab. 1). Simultaneously, 
the fractions II-IV were further divided into humic (CH) and ful-
vic (CF) acids to determine CH:CF ratio in each of the extracted 
fraction. The procedures under analysis listed the fractions in 
different order and applied different nomenclature (fraction 
names). To make the comparison clear and understandable, the 
original fraction symbols and names are not used in this paper 
in favor of standardized symbols and fraction names, as listed 
in table 1.

The reported data were separately analysed for chernozems  
(“dry” Chernozems and Phaeozems) and black earths (“moist”/
gleyed Chernozems and Phaeozems) using their original classifi-
cation (provided by authors), even if their modern classification 
would differ, in particular in case of soils developed from loess 
(Drozd et al., 2007; Łabaz et al., 2018). The terms „chernozemic 
soils”, „chernozems” and „black earths”, written in lowercase, re-
fers to Polish Soil Classification (Systematyka Gleb Polski, 2019), 
while the „Chernozems” and „Phaeozems” are the Reference 
Soil Groups in terms of WRB Classification (IUSS Working Group 
WRB, 2015).  The results of humus fractionation in chernozems 
(7 soil profiles) are available from southern Poland only, i.e. Lu-
blin Upland, Miechów Upland and Głubczyce Plateau (Drozd, 
1973; Gliński and Turski, 1965; Licznar, 1985; Licznar et al., 1993; 
Licznar and Drozd, 1985; Turski, 1964, 1971; Wilk and Nowak, 
1977). The data for black earths (14 soil profiles) are available 
from various parts of Poland, but mostly from the central and 
western ones (Borowiec and Wybieralska, 1969; Licznar et al., 
2004; Łabaz, 2007, 2010; Łabaz et al., 2008; Łakomiec and Kozak-
iewicz, 1970). Approximated locations of soil pits from reviewed 
literature are presented on Fig. 1. The most frequently observed 
ranges of the fractions extracted in the topsoil layers are summa-
rized in tables 2 and 3. To unify the data and to allow their com-
parison, all results are presented as a percentage of the carbon in 
a particular fraction to the total soil organic carbon content con-
sidered as 100% (measured typically using the Tiurin method).
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Table 1
Comparison of major fractions of the humic substances extracted using four most common methods

Fraction Tiurin (1951) method Kononowa and Belczikowa (1961) method Boratyński 
and Wilk 
(1963) method

Duchaufour 
and Jacquin 
(1963) method

I
Low-molecular
HS, mostly 
mobile FA

0.25 M H2SO4

(x1–3)
– – 0.05 M H2SO4 

(x1)
– – – –

II
Mobile HS 
bound to 
non-silicate 
minerals

– 0.1 M NaOH
(x1)

– – 0.1 M NaOH
(x1)

– 0.1 M Na2P2O7

(x3)
0.1 M Na4P2O7

at pH 7.0 + 
Na2SO4

(in light 
and heavy 
fractions)

III
HS more 
strongly bound 
to non-silicate 
minerals

– – after 
decalcination
0.1 M NaOH
(exhaustible)

– – 0.1 M Na2P2O7

+ 0.1 M NaOH 
(x1)

0.1 M NaOH
(x3)

0.1 M Na4P2O7 

at pH 9.8
(in light 
and heavy 
fractions)
+ 0.1 M NaOH
(in heavy 
fraction only)

IV
Stable HS 
bound
to silicate 
minerals

– – 0.1 M H2SO4

+ 0.1 M NaOH 
(repeatedly)

residuum 0.5 M H2SO4

(hydrolysis)
+ 0.1 M NaOH 
(exhaustible)

sum 
of residuum
of the light 
fraction
and the 
“humins”
of the heavy 
fraction

V
Non-extractable
residuum

– – residuum residuum

Explanation: HS – humic substances, FA – fulvic acids OC – organic compounds, (x1) – single extraction, (x1–3) – from one to three extractions. Phase of 
bitumin extraction was not included in the table.

Fig. 1. Location of soils considered in review. Explanation: black sections 
– Chernozems, gray sections – Phaeozems. Geographical localizations of 
soils under study (according to authors in Tab. 2 and Tab. 3): PY – Pyrzyce 
Plain, ŁA – Łagów Lake Distric, KU – Kuyavian Upland, BA – Barycz Val-
ley, WR – Wrocław Plain, KL – Kłodzko Basin, GL – Głubczyce Plateu, PO 
– Proszowice Plateu, L-R – Lublin Upland/Hrubieszów Basin
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Table 2
Distribution of humus fractions extracted from topsoil layer (0-30 cm) of chernozems

Method of 
extraction

Fraction ΣCH-CF CH CF CH:CF Soil types acc. to 
references

Location References

Tiurin I – – 1.2 1.4 non-eroded 
chernozem

Lublin Upland Turski (1964)
Turski (1971)II 12.3 5.0 7.3

III 18.3 14.4 3.9

IV 12.4 6.2 6.2

V 43.3 – –

II – 5.0–5.9 – – degraded 
chernozem

Lublin Upland Gliński 
and Turski (1965)III – 11.8–22.5 –

IV – 4.3–8.4 –

Kononowa 
and 
Belczikowa

I – – 3.3–4.1 1.2 degraded
forest-steppe 
chernozem

Głubczyce Plateu Licznar 
and Drozd (1985)

II 17.5–36.5 8.1–23.1 9.4–13.4

III 6.8–15.4 4.0–13.1 2.3–4.2

IV + V 52.4–63.7 – –

I – – 3.3 1.4 degraded
forest-steppe 
chernozem

Głubczyce Plateu Drozd 
and Licznar 
(1985)

II 36.5 23.1 13.4

III 6.8 4.0 2.8

IV + V 53.3 – –

I – – 4.2 0.9 humus deluvial 
chernozemic  soil

Głubczyce Plateu Licznar et al. 
(1993)II 20.0 10.9 9.1

III 20.3 18.3 2.0

IV + V 55.5 – –

Boratyński 
and Wilk

II 14.7 9.0 5.7 1.9 arable degraded 
chernozem

Hrubieszów 
Basin

Drozd (1973)

III 26.5 16.5 10.2

IV 12.7 10.5 2.2

V 42.5 – –

II 18.7 11.8 6.9 1.8 degraded 
chernozem 
(grassland)

III 25.1 14.3 10.9

IV 7.7 5.4 2.4

V 44.5 – –

II 21.8 11.6 10.2 0.8 degraded 
chernozem (forest)III 26.6 12.8 13.0

IV 7.3 5.5 1.8

V 41.5 – –

II 12.2 2.9 9.3 0.8 degraded 
chernozem

Proszowice 
Plateu

Wilk and Nowak 
(1977)III 30.5 12.9 17.7

IV 14.0 6.1 7.9

V 43.4 – –

Duchaufour 
and Jacquin

II 12.1 2.9 9.2 – degraded 
chernozem

Proszowice 
Plateu

Kuźnicki 
and Sklodowski 
(1968)

III 15.8 12.0 3.8

IV + V 60.7 – –

II 13.5 2.9 10.6 – degraded 
chernozem

Proszowice 
Plateu

Kuźnicki 
and Sklodowski 
(1973)

III 14.4 8.9 5.5

IV + V 65.9 – –
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Table 3
Distribution of humus fractions extracted from topsoil layer (0–30 cm) of black earths

Method of 
extraction

Fraction ΣCH-CF CH CF CH:CF Soil types acc. 
to references

Location References

Tiurin II 21.3 13.4 7.9 – black earth
(silty texture)

Łowicz-Błonie 
Plain

Łakomiec and 
Kozakiewicz (1970)III 40.6 29.8 10.8

I – – 2.7–3.1 1.0–1.9 black earth
Calcic Gleyic 
Chernozems 
(loamy texture)

Wrocław Plain Łabaz (2007)

II 4.0–4.1 0.7–0.9 3.2–3.3

III 43.8–64.7 32.3–39.2 11.5–25.5

IV 4.8–8.1 2.4–6.8 1.5–2.5

V 23.4–41.3 – –

I – – 2.9–3.4 1.4–1.9 black earth
Gleyic Pachic 
Phaeozems 
(silty texture)

II 11.0–12.3 4.9–6.2 6.2

III 37.4–48.7 26.6–36.6 10.5–12.0

IV 3.0–3.8 1.7–2.5 0.7–2.0

V 34.5–43.2 – –

I – – 4.7–5.7 1.0–1.1 degraded
black earth
(silty texture)

II 32.2–33.0 17.8–18.9 14.1–14.4

III 14.4–15.8 5.2–8.9 6.9–9.1

IV 16.6–17.0 6.0–8.3 8.0–11.1

V 30.4–30.5 – –

I – – 1.3–5.0 0.7–1.2 degraded
black earth 
(sandy texture)

Barycz Valley Łabaz et al. (2008)

II 22.7–43.4 8.6–26.2 14.1–20.0

III 1.3–5.9 – –

IV 10.6–22.0 6.9–7.4 3.7–14.6

V 45.1–55.8 – –

I – – 4.3 – black earth
Gleyic Chernozem
(clayey texture)

Kłodzko Basin Łabaz (2010)

II – 5.0 –

III – 21.2 –

IV 5.0 3.4 1.6

V 47.9 – –

I – – 3.9–5.9 – degraded
black earth
Gleyic Phaeozems 
(clayey texture)

II – 2.9–5.0 –

III – 21.5–24.1 –

IV 5.0–5.3 3.2–3.6 1.4–2.1

V 40.0–50.3 – –

Boratynski 
and Wilk

II 10.8 5.0 5.8 0.9 black earths 
(sandy texture)

Pyrzyce Plain Borowiec 
and Wybieralska 
(1969)

III 19.7 11.1 8.6

IV 14.2 8.1 6.1

V 36.7 – –

II 23.9 –26.0 11.9 –12.7 12.0 –13.3 0.9 forest
black earths 
(silty texture)

III 16.8 –29.8 9.1 –12.9 7.7 –16.9

IV 6.6 –8.4 3.3 –3.5 3.1 –5.1

V 27.9 –28.5 – –

II 15.5 –51.5 8.8 –20.5 6.7 –31.0 0.7 –1.3 arable
black earths
(silty texture)

III 9.9 –19.6 2.4 –9.3 0.8 –3.1

IV 6.1 –13.2 3.8 –8.0 2.3 –5.3

V 7.0 –53.9 – –

II 15.9 7.1 8.8 1.1 black earth 
(sandy texture)

Łagów Lake 
District

Wilk and Nowak 
(1977)III 22.7 11.1 11.6

IV 13.4 7.0 6.4

V 47.6 – –

II 11.9 4.1 7.8 0.6 black earths 
(silty texture)

Wrocław Plain

III 13.5 4.5 9.0

IV 22.0 10.8 11.2

V 49.4 – –

Duchaufour 
and Jacquin

II 13.5 2.9 10.6 – black earths 
(loamy texture)

Kuyavian Upland Kuźnicki 
and Skłodowski 
(1968)

III 14.4 8.9 5.5

IV + V 65.9 – –
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3.  Comparison of methods of humus fractionation applied 
in Poland

Among the procedures of humus fractionation applied in 
Poland, the method of Tiurin (1951) undoubtedly gained the 
highest popularity. Originally it was preferred due to numer-
ous studies performed in the USSR on various soil types, which 
gave Polish scientists access to a comparison base (Musierowicz 
et al., 1960). Tiurin method (T method) allows separating (af-
ter prior removal of bitumens): (i) the most mobile fraction of 
HS, extracted with dilute sulfuric acid, (ii) low-molecular com-
pounds bound to calcium and non-silicate R2O3 forms (originally 
called „humic compounds bound to Ca and mobile, non-silicate 
forms of R2O3”), (iii) humus compounds bound more heavily to 
silicates (originally called „humic compounds bound to the sta-
ble silicate forms of R2O3”) and (iv) post-extraction residue com-
posed of the non-humified organic materials (Dziadowiec and 
Gonet, 1999). Frequently highlighted advantage of this method 
is high efficiency of the extraction (defined as the percentage of 
extracted carbon do total organic carbon) and the possibility to 
determine the amount of humic components strongly bound to 
mineral phase (Kozakiewicz, 1966; Kleszczycki et al., 1967; Wilk, 
1971). However, T method is time-consuming and requires a lot 
of effort during the process of analysis (Kononowa, 1968). Also 
the sample decalcination before NaOH application was criti-
cized (Kuźnicki and Skłodowski, 1968; Aleksandrowa, 1980). The 
shortcomings of the T method encouraged scientist to simplify 
the fractionation procedure and to implement sodium pyro-
phosphate. One of the functions of this reagent was to improve 
decalcination step, i.e. to replace acids in the calcium removal 
from humus complexes (Boratyński and Wilk, 1961; Kononowa 
and Belczikowa, 1961; Kowaliński et al., 1973). In particular, the 
method of Kononowa and Belczikowa (hereafter K-B method) 
was proposed as a quick and effective procedure, significantly 
simplified compared to T method. The K-B method distinguished 
three fractions: (i) low-molecular, mobile organic substances (ex-
tracted with weak sulfuric acid), (ii) stable HS bound to silicate 
minerals (extracted with NaOH without decalcification), and (iii) 
HS more strongly bound to calcium and silicate minerals (ex-
tracted using the mixture of NaOH and sodium pyrophosphate) 
(Table 1). Despite its simplicity, the method got relatively little 
interest in Poland, mostly due to its low extraction efficiency 
compared to Tiurin method that limited its applicability in soils 
poorer in humus (Wilk, 1963; Kozakiewicz, 1966; Kleszczycki et 
al., 1967). An alternative method of Boratyński and Wilk (1961; 
hereafter B-W method) assumed sequential extraction of three 
essential fractions: (i) mobile HS (extracted with sodium pyro-
phosphate), (ii) HS bound to non-silicate compound, and (iii) HS 
strongly bound to silicate minerals (Table 1). Low extraction ef-
ficiency was indicated as the most severe problem of this proce-
dure (Kowaliński et al., 1973). Contrary to methods mentioned 
above, the procedure of Duchaufour and Jacquin (1963; hereaf-
ter D-J method) based primarily on the differences in a density 
of particular organic substances. The humic substances were 
separated in heavy liquid (bromoform) in an initial phase of the 
fractionation (Kuźnicki and Skłodowski, 1968; Gałka and Łabaz, 
2014). In the next steps, the method used a sodium pyrophos-

phate solution buffered, subsequently, to the neutral and highly 
alkaline reaction (Table 1). Both the separation of HS fractions 
based on their density and the further extraction of HS using 
the sodium pyrophosphate in combinations with acids or bases 
made the D-J method technically incomparable with all the pro-
cedures mentioned above (Wilk, 1971; Wilk and Nowak, 1977).

4.  Results of humus fractionation in chernozemic soils 
using various methods

4.1.  Low-molecular organic compounds of the highest 
mobility – Fraction I

HS extracted in the first phase of fractionation (after remov-
al of bitumins) using weak sulphuric acid (0.05–0.25 M H2SO4) 
are considered the most mobile fulvic acids; however, many 
non-specific organic compounds, easily soluble in weak acid 
solution, including the so-called dissolved organic carbon, are 
involved in this fraction. Fraction I is separated only in the T and 
K-B methods (Table 1) and generally is added to the sum of fulvic 
acids (Table 2). In general, the fraction had the lowest contribu-
tion in the soil humus, in a range of 1.2–4.2% of SOC in cher-
nozems. The K-B method extracted noticeably higher amounts 
of fraction I than T method (Fig. 2). Mean values of fraction I 
(extracted using T procedure) were lower in chernozems than 
in black earths (Fig. 2 and 3), although the range of values was 
wider in black earths (Table 3) that resulted from more variable 
soil properties, the soil texture in particular. Somewhat higher 
percentage (2.7–5.9%) was reported in the silty and clayey black 
earths (Łabaz, 2007, 2010), even classified as ‘degraded black 
earths’, than in soils developed from sands (values between 
1.3–5%), (Łabaz, 2008). 

4.2.   ‘Mobile’ HS weakly bound to mineral soil phase 
– Fraction II

Organic compounds traditionally described as weakly 
bound with non-silicate forms of R2O3 are extracted by single 
extraction with 0.1 M NaOH (without decalcination) in T and K-
B methods or by triple extraction with sodium pyrophosphate, 
as in B-W (Table 1). Despite declared similar extraction power, 
the results obtained using various procedures varied in a broad 
range. In chernozems, the highest amounts of fraction II were 
obtained using K-B method (17.5–36.5% of SOC) by Licznar and 
Drozd (1985), while the other methods yielded in noticeably low-
er amounts: 12.1–13.5% using T and D-J methods (Turski, 1964, 
1971; Kuźnicki and Skłodowski, 1968, 1973) and 12.2–21.8% us-
ing B-W method (Drozd, 1973; Wilk and Nowak, 1977). The mean 
contribution of fraction II (Fig. 2 and 3) and the maximum con-
tent of this fraction (Table 3) in arable black earths were higher 
than in chernozems. Borowiec and Wybieralska (1969) reported 
up to 51.5% of this fraction using B-W method and Łabaz et al. 
(2008) reported up to 43.3% using T method. Large differences in 
the fraction contribution were noticed even in relatively similar 
soils located in the same region (Table 3). The values in the black 
earths of the Wroclaw Plain varied from ca. 4%, through 12%, 
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up to 33% of SOC (Łabaz, 2007). Depending on the applied pro-
cedure, the ratio of CH to CF in the fraction II noticeably varied, 
both in chernozems and black earths, from significant preva-
lence of CH (over CF) to noticeable prevalence of CF (over CH).

4.3.  HS strongly bound to non-silicate soil compounds 
– Fraction III

At this stage, an extraction of organic compounds follows 
sample decalcination, frequently performed with sulfuric acid, 
sodium sulfate (in T method) or sodium pyrophosphate (in K-B, 
B-W and D-J procedures). Due to the implementation of similar 
extracting agents or similar sequence of steps, it was expected 
that K-B and B-W methods will extract comparable amounts of 
HS, but the reported results (in chernozems) did not confirm this 
assumption. Authors obtained 7–20% and 25–31% of fraction us-
ing K-B and B-W procedures, respectively (Table 2), that is also 
reflected in noticeably different mean values (Fig. 2). It was also 
considered that the sum of light and heavy fractions extracted 
by sodium pyrophosphate and heavy fraction extracted by sodi-
um hydroxide in D-J method is comparable to mentioned phases 
of the other procedures (Table 1). In fact, the results obtained by 
Kuźnicki and Skłodowski (1968, 1971) 14–16% of SOC are simi-
lar to the values obtained using T and K-B methods (18.3% and 

7–20%, respectively) (Table 2). In the ‘typical’ black earths the 
contribution of fraction III reached even 37–65% (Łabaz, 2007; 
Łakomiec and Kozakiewicz, 1970), whereas in the ‘degraded’ 
black earths did not exceed 16% (Łabaz, 2007). If in chernozems 
the T procedure extracted less HS than the B-W one, in black 
earths efficiency of the methods is opposite in favour of the T 
procedure (Fig. 2 and 3). Regardless soil type and applied meth-
od, the majority of chernozemic soils was featured with notice-
ably higher content of CH than CF in the fraction III.

4.4.  Stable HS strongly bound to silicate minerals 
– Fraction IV

The fraction is extracted with 0.1 M NaOH after prior acidic 
hydrolysis (in B-W method) or with 0.1 M NaOH alternated with 
hydrolysis (in T method), and typically has exhaustible charac-
ter (Table 1). Fraction IV consists of HS considered to be strongly 
bound to silicate mineral phase of soil, mostly the clay miner-
als. In case of chernozems, the obtained results are relatively 
low (8–14%) regardless the geographical location of soils. In 
black earths, authors described much wider range of contribu-
tion (3–33%) (Table 3); however, the mean value was similar to 
this in chernozems (Fig. 2 and 3). Higher amounts of fraction IV 
were in the ‘degraded’ and sand-textured black earths (11–22%), 

Fig. 2. Range and mean values of humus fractions extracted 
in chernozems

Numbers (symbols) of fractions are explained in Table 1

Fig. 3. Range and mean values of humus fractions extracted 
in black earths

Numbers (symbols) of fractions are explained in Table 1
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compared to ‘typical’ and silt/loam-textured soils (Borowiec and 
Wybieralska, 1969; Łabaz, 2008). This observation proved that 
the contribution of fraction IV in some soils did not result simply 
from binding of the HS to silica minerals, but suggests the signifi-
cant resistance of organic compounds for alkaline extractions 
applied in the previous phases.

4.5. Non-extractable residue

The term “residue” represents post-extraction residue com-
posed of the non-humified organic materials strongly bounded 
with mineral phase of soils and non-extractable during previous 
phases. Residual fraction is not obtained separately, but is calcu-
lated as the difference of the total organic carbon content (TOC) 
and sum of fraction I–IV (in T and B-W methods) or I–III (in K-B 
and B-J methods). The contribution of residues in TOC depends 
mainly on humic substances described as active. In chernozems 
occurs 42–45% of non-extractable residues according to T and 
B-W (Turski, 1964, 1971; Drozd, 1973) or even 52–66% in K-B and 
D-J procedures (Fig. 2) (Licznar and Drozd, 1985; Kuźnicki and 
Skłodowski, 1968, 1973; Licznar et al., 1993). In case of phae-
ozems variation of values were significantly higher (23–56%) 
probably due to different soil properties, particularly the tex-
ture and total content of humus (Table 3). However, mean con-
tents of fraction V in chernozemic soils are similar and reach up 
to 40% (Fig. 2; Fig 3).

5. Discussion

Classically, the humic substances are derived and classified  
based on their solubility in particular alkaline or acid reagents 
(Piccolo, 2002). Therefore, the fundamental problem in the or-
ganic matter studies still concerns the selection of the proper ex-
tractants to separate expected groups of organic compounds (Le-
hman and Kleber, 2015; Weber et al., 2020). Procedures developed 
by various researchers (Boratyński and Wilk, 1964; Duchaufour 
and Jacquin, 1963; Kononowa, 1968; Tiurin, 1951) have similar 
assumptions and are intended to implement stronger extrac-
tion agents in the following steps of the analysis. However, only 
the B-W method is a true sequential fractionation, i.e. the same 
soil sample in treated by subsequent chemicals, while the T and 
K-B methods base mostly or exclusively on parallel extractions 
from separate soil samples. The D-J method is also a sequential 
fractional; however, carried on two parallel samples obtained 
after preliminary separation of HS due to their density (Table 1). 
Moreover, the methods under comparison differ significantly in 
extracting the most mobile and most strongly bound fractions. 
Fraction I was separated only in T and K-B methods, while the 
fraction IV is distinguished from the (non-extractable) residuum 
in the T and B-W methods only (Table 1). Additionally, particular 
procedures apply different chemicals, different concentrations 
of the same chemicals, and different combinations or order of 
chemicals, e.g. as a single, triple, or exhaustive extraction. Thus, 
taking into account many fundamental differences, it should be 
a priori concluded that reviewed methods are incomparable in 
chemical terms due to applying different methodology, which 

must result in extracting of different portions of HS. Starting 
from such point of view, any comparison of the results obtained 
by different methods should be a priori rejected. 

Alternatively, the comparison may follow the declared simi-
larity of the extracted fractions in a strength of HS binding to 
mineral soil compounds, deducted after the extracting power 
of chemicals used under specified conditions. Hence, during 
the initial phase of this review, original classifications of the 
HS fractions and their names proposed by authors have been 
standardized. When applying such approach, the comparison 
of extraction results has revealed relative similarity of T and B-
W methods, both for chernozems and black earths. Mentioned 
methods indicated that approximately 40% of SOC in these soils 
was in phases non-extractable in course of an alkaline and al-
ternate alkaline-acid extractions (Fig. 2 and 3). K-B and D-J pro-
cedures claims that only fractions I–III belong to active HS, thus 
they approximated even up to 65% of SOC in the non-extract-
able organic residuum, considered environmentally inactive 
(Kononowa, 1968). It must be stated that sum of fractions IV + V 
in the T and K-B is similar, even incomparability of the proce-
dures declared by their authors (Kononowa and Belczikowa, 
1961). A dominant fraction of humus, based on the T and B-W 
procedures, was fraction III, i.e. HS medium strongly bound to 
non-silicate soil compounds (approx.. 20–30% of SOC), but the 
contribution of the fraction II (i.e. mobile HS weakly bound to 
mineral phase) is only slightly lower. The lowest contribution 
(< 5% of SOC) was noticed in the fraction I, defined as low-mo-
lecular organic compounds featured by their highest mobility 
in the soil environment. Surprisingly, the highest difference be-
tween results obtained using the T and K-B procedures was no-
ticed in the fraction II, although both methods applied similar 
methodological attempt to this fraction. The results obtained ac-
cording to K-B procedure indicate supremacy of the fraction II 
over other HS fractions and therefore differ from the results of 
other methods under comparison (Fig. 2). 

The general conclusions presented above based on the 
mean results of extractions; however, a large variability of re-
sults, i.e. wide range of HS fraction contributions must be high-
lighted. Therefore, there is no reliable answer on the question 
if the reported differences in the HS contribution result from 
various soil texture, carbonate or humus contents, or the degra-
dation/transformation processes, or are technical effects of dif-
ferent analytical procedures. Thus, based on existing published 
data, it is extremely difficult to conclude about similarities or 
differences of fractional humus composition in chernozemic 
soils in Poland, as soils differing in aspects under concern, were 
in majority analyzed using different procedures.  It is highly rec-
ommended, if the humus fractionation techniques were to be 
continued in the future, to select and recommend one procedure 
as a (national) standard to achieve comparability of the results 
from various soils and laboratories. The published data indicate 
the Tiurin method to be the most frequently applied in Poland, 
despite its disadvantages, and probably this procedure could 
serve as national standard for ‘classical’ humus fractionation.

It should be also noted that the above mentioned ‘classical’ 
humus fractionation defines only the proportions of HS allo-
cated to particular fractions, but does not give the information 
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about the structure or chemical composition of the HS itself (Kle-
ber and Lehmann, 2019; Myneni, 2019). Hence, the classical frac-
tionation does not compete or replace more advanced studies 
concerning elemental composition, structure or other proper-
ties of extracted HS. Ongoing discussion about the nature of HS 
and validity of alkaline extraction, should encourage scientists 
to compare existing data with the results of investigations car-
ried using the non-invasive procedures (omitting the chemical 
extractions) based on NIR, MIR or UV-Vis techniques (Trendel 
et al., 2010; Pietrzykowski and Chodak, 2014; Strouhalova et al., 
2019).

6. Conclusions

1. Reviewed methods are incomparable in chemical terms 
due to applying different methodology and reagents, which 
must result in extracting of different portions of humic sub-
stances.

2. Despite of some minor disadvantages, original Tiurin meth-
ods seems to thoroughly characterize HS in soil, hence it 
should be recommended for further use.

3. More advanced studies concerning composition, structure 
or other properties of extracted humic substances using the 
non-invasive procedures need to be carried out.
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Porównanie metod ekstrakcji sekwencyjnej i składu frakcyjnego związków 
próchnicznych w czarnoziemach i czarnych ziemiach Polski

Słowa kluczowe

Próchnica glebowa
Frakcjonowanie
Ekstrakcja alkaliczna
Czarnoziemy
Czarne ziemie

Streszczenie

Badania materii organicznej zawsze stanowiły ważny element charakterystyki środowiska gle-
bowego. Poważne wyzwanie metodyczne wynika z powinowactwa substancji próchnicznych do 
frakcji mineralnej gleby, co wymusza stosowanie skomplikowanych procedur ekstrakcyjnych. 
Badacze podejmują próby wyodrębniania związków próchnicznych za pomocą ekstrakcji alka-
licznej i kwaśnej, przy użyciu m.in. wodorotlenku sodu, pirofosforanu sodu i kwasu siarkowego. 
Niestety, zastosowanie różnych odczynników, w różnych kombinacjach i stężeniach rodzi wątpli-
wości co do porównywalności wyników uzyskanych różnymi metodami frakcjonowania. Celem 
niniejszej pracy przeglądowej jest analiza najważniejszych stosowanych w Polsce metod frakcjo-
nowania związków humusowych (według Tiurina, Kononowej i Bielczikowej, Boratyńskiego i Wil-
ka oraz Duchaufoura i Jacquina) i składu próchnicy ustalonego z wykorzystaniem tych metod, 
na podstawie opublikowanych wyników analiz gleb czarnoziemnych z różnych regionów Polski. 
Analiza potwierdziła, że metody są trudno lub nieporównywalne pod względem chemicznym, ze 
względu na odmienne warunki ekstrakcji na poszczególnych jej etapach. Jednak przyjęcie za pod-
stawę porównania deklarowanej mobilności/siły związania z fazą mineralną gleby, wskazuje na 
relatywnie największe podobieństwo metod Tiurina i Boratyńskiego-Wilka. Generalnie, wszystkie 
metody frakcjonowania wykazują dominujący udział związków humusowych słabo związanych 
(mobilnych) oraz średnio-silnie związanych z nie-krzemianowymi komponentami gleby związków 
humusowych (pomijając znaczny udział substancji nieulegających alkalicznej ekstrakcji zwanych 
niekiedy huminami). Jeśli metody frakcjonowania próchnicy miałyby być nadal stosowane, nie-
zbędne jest uznanie jednej procedury jako standardowej, gdyż jest to warunkiem wiarygodnej 
porównywalności wyników badań nad próchnicą różnych gleb, prowadzonych w różnych labo-
ratoriach. Po przeanalizowaniu wszystkich wieloetapowych metod ekstrakcji próchnicy, które za-
kładają stosowanie odmiennych odczynników w różnych stężeniach wydaje się, że najpełniejsze 
wyniki daje metoda Tiurina. Autorzy sugerują jednak, że bardziej zaawansowane badania doty-
czące m.in. składu czy struktury uzyskanych substancji humusowych mogą wymagać wdrażania 
metod nieinwazyjnych.
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