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ON THE PROPERTIES OF PEAT HUMIC ACIDS

Janis Sire and Maris Klaving

Faculty of Geographical and Earth Sciences, University of Latvia, Raina bulv. 19, Riga, LV-1586, LATVIA

Contributed by Maris Klavins

Comparative and complex characterisation of peat humic acids (HAs) isolated from peat profiles
of different origin in Latvia was conducted. Elemental and functional analysis of the isolated HAs
was made and their acidity and molecular weight were estimated. Spectral characterisation in-
cluded UV-Vis, IR, electron spin resonance and fluorescence spectra. Structural characterisation
of HAs was by both 'H and 3¢ nuclear magnetic resonance spectra. Properties of HAs isolated
from the Latvian peat were compared with HA from other sources (soil, water, coal and synthetic
humic substances). Major properties of peat HAs depended on their origin, indicating the impor-
tance of humification processes. HAs isolated from peat of more recent origin were more similar
to soil Has, while there was a greater degree of humification in part from older sources.
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INTRODUCTION

Humic substances (HSs) are the dominant naturally occur-
ring organic substances (Falkowski et al., 2000). HSs are a
general category of naturally occurring, biogenic, heteroge-
neous organic substances that can be generally characterised
as yellow to black in colour, of high molecular weight, and
refractory (Stevenson, 1994). They consist of several groups
of substances that depending on their solubility can be
grouped as follows: humin is the HS fraction that is insolu-
ble in water at any pH; humic acid (HA) is the fraction in-
soluble in water under acidic conditions (pH < 2), but is
soluble at greater pH; and fulvic acid is the fraction soluble
in water at all pHs (Tan, 2003). HSs form most of the or-
ganic component of soil, peat and natural waters, they influ-
ence the process of formation of fossil fuels, and play a ma-
jor role in the global carbon (C) geochemical cycle
(Falkowski et al., 2000). Significant reserves of organic C
are stored in wetland soils and as peat; as much as 60-85%
of the organic matter in peat is HSs (Garnier-Sillam et al.,
1999). Peat is a dark-colored and mostly organic material
(mineral matter usually < 25%) formed in water-saturated,
anaerobic wetland environments from decomposition of
mosses, sedges, grasses, reeds, shrubs and trees (Zaccone et
al., 2007).

The study of peat HSs, especially their profiles is important
due to their industrial significance. Peat can be a source of
up to 500 Gt of C as HAs of industrial value (Markov et al.,
1998). However, there have been few studies aimed at un-
derstanding of C biogeochemical cycling, and structure and
properties of peat HSs, despite the high potential for indus-
trial production (Hdnninen et al., 1993; Lu et al., 2000;
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Francioso et al., 2003; Li et al., 2003; Gondar et al., 2005;
Fong and Murtedza, 2007).

The aim of the present paper is to determine the properties
of peat HAs isolated from peat profiles and to evaluate the
impact of the character of humification processes.

MATERIALS AND METHODS

Peat sampling. Twenty-eight peat samples were collected
from profiles of five raised bogs of industrial importance in
Latvia. The sampling strategy was developed to study prop-
erties of peat mass of industrial importance. Profiles were
obtained, after removal of top layers consisting of bog
plants and undecomposed peat (acrotelm), at the depth of
0-145 cm (catotelm). The “zero” horizon, representing peat
horizons of industrial importance, was aged at 400-1400 y
by e dating. Peat samples were dried at 105 °C, and then
homogenised and sieved through a 1-mm sieve.

Characterisation of peat. The analysis of botanical com-
position was performed microscopically, using a Carl-Zeiss
binocular microscope, and decomposition degree was deter-
mined (Lishtvan and Korol, 1975). The l4c dating of the
peat samples was made at the Institute of Geology of the
Tallinn Technical University (Estonia). Basic characteristics
of the peat samples are displayed in Table 1.

Materials. Analytical quality reagents (from Merck Co,
Sigma-Aldrich Co, and Fluka Chemie AG RdH Labor-
chemikalien GmbH Co) were used without further purifica-
tion.
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Tablel
BASIC CHARACTERISTICS OF THE PEAT SAMPLES

Sample Depth (cm) Peat type
Ploce 0-30 0-30 High-type fuscum peat
Ploce 30-60 31-60 High-type fuscum peat
Ploce 60-85 61-85 High-type fuscum peat
Ploce 85-110 86-110 High-type fuscum peat
Ploce 110-130 111-130 High-type cotton-grass—
sphagnum peat
Gagu 0-20 0-20 High-type cotton-grass—
sphagnum peat
Gagu 20-40 21-40 High-type cotton-grass—
sphagnum peat
Gagu 40-60 41-60 High-type cotton-grass—
sphagnum peat
Gagu 60-80 61-80 High-type fuscum peat
Gagu 80-100 81-100 High-type fuscum peat
Gagu 100-120 101-120 High-type fuscum peat
Gagu 120-140 121-140 High-type fuscum peat
Kaigu 0-25 0-25 High-type cotton-grass—
sphagnum peat
Kaigu 25-45 26-45 High-type fuscum peat
Kaigu 45-70 46-70 High-type fuscum peat
Kaigu 70-95 71-95 High-type narrow-leaf sphag-
num peat
Kaigu 95-125 96-125  High-type narrow-leaf sphag-
num peat
Kaigu 125-145 126-145 High-type fuscum peat
Dizais Veikenieks 0-25 0-25 High-type fuscum peat
Dizais Veikenieks 25-52 26-52 High-type fuscum peat
Dizais Veikenieks 52-75 53-75 High-type fuscum peat
Dizais Veikenieks 75-98 76-98 High-type fuscum peat
Dizais Veikenieks 98—118 99-118 High-type fuscum peat
Mazais Veikenieks 0-30 0-30 High-type fuscum peat
Mazais Veikenieks 30-60 31-60 High-type Magellan’s
sphagnum peat
Mazais Veikenieks 60-90 61-90 Transition-type tree—grass
peat
Mazais Veikenieks 90-125 91-125 Low-type tree—grass peat

Isolation of HAs. HAs were extracted and purified using
procedures recommended by the International Humic Sub-
stances Society (IHSS) (Tan, 2005). Industrially-produced
HA (Aldrich) and IHSS reference HA isolated from Pa-
hokee (USA) peat were used for comparison.

Characterisation of HAs. Elemental analysis (C, H, N, S
and O) was carried out using an Elemental Analyser Model
EA-1108 (Carlo Erba Instruments) and the found values
were normalised in respect to ash content. Ash content was
measured after heating of 50 mg of each HA at 750 °C
for 8 h. UV/Vis spectra were recorded on a Thermospec-
tronic Helios ¢ UV (Thermo electron Co) spectrophotome-
ter in a 1-cm quartz cuvette. The ratio E,/E¢ (Chen et al.,
1977), i.e. ratio of absorbances at 465 and 665 nm was de-
termined for a solution of 5 mg of the HA in 10 ml of 0.05
N NaHCO;.
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An automatic titrator TitroLine easy (Schott-Geridte GmbH)
was used to measure acidity of each HA (Tan, 2003).

High pressure size exclusion chromatography (HPSEC) was
used to determine weight-averaged molecular weight (M,).
HPSEC was performed using a Waters 510 solvent pump, a
Waters 486 variable wavelength detector, and a Waters Pro-
tein-Pak 125 modified silica column. Phosphate buffer
(0.028 M, pH 6.8) was used as a mobile phase at a flow rate
of 1 ml/min. The SEC column was calibrated using
polydextrans (0.83, 4.4, 9.9, 21.4 and 43.5 kDa) and sodium
polystyrenesulfonates (1.37, 3.8, 6.71, 8.0, 8.6, 13.4 and
16.9 kDa). The standard kits were purchased from the Poly-
mer Standard Service (Mainz, Germany). The calibration
curve was expanded into the low MW region by means of
mono- and oligosaccharides (180, 342 and 504 Da) and
glycerol. Blue dextran (2000 kDa) served as a void volume
probe, methanol as a permeation volume probe.

Humification degree. A 1.00 g sample of peat was shaken
for 24 h with 50 ml of 1.0 M NaOH, filtered, and in the fil-
trate the total organic C of the alkaline extract, containing
HSs (Cyg), was determined (mg C/g). The peat humific-
ation degree (HD) was calculated as:

Chs

HD= %100, where C is carbon in the sample (mg/g).

peat

RESULTS

Properties of the studied peat samples. Peat HSs can be
considered especially appropriate for studies to understand
the C biogeochemical cycle because links can be made be-
tween HS properties and the decomposition degree of the
original organic matter. In addition, studies of peat humific-
ation are of definite applied and theoretical interest, consid-
ering the growing need for industrially-produced HA.

It is well known that major properties of peat down the pro-
file might be explained by presence of the following struc-
tural layers (Clymo, 1991):

1. Acrotelm is the largely oxygenated surface layer with
high hydraulic conductivity and within which the water ta-
ble fluctuates. There are two layers within the acrotelm: the
euphotic and the aerobic layers. Within the euphotic layer
the growth of plants and photosynthesis takes place and this
layer has a low dry bulk density, and consists of living
plants and their prime decomposition products. The aerobic
layer (10-50 cm thickness) is formed at the base of the
euphotic layer where most of the plant material is dead and
microbial aerobic decay is the major process, supported by
presence of oxygen and moisture. Most of the primary pro-
duction of plant material in this layer is aerobically decom-
posed and only a minor fraction is accumulated as peat. The
peat mass in the aerobic layer is still very porous and has a
high hydraulic conductivity and so is of little industrial im-
portance.
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2. Catotelm is the underlying, saturated and mainly anoxic
layer with low hydraulic conductivity; within the catotelm,
there are the collapse and the lower peat layers.

For peat industrial mining the homogeneous, “bulk” peat
mass (the catotelm) is of major importance. For peat extrac-
tion, the living and undecomposed plant material is of mi-
nor value and is usually removed. The present study investi-
gated the variability of peat HA properties only from the
catotelm.

In this study the peat samples were from different depths in
five raised bogs in Latvia, representing bogs of industrial
importance, and reflecting bog development conditions in
Northern Europe. The botanical composition of the deepest
peat layer was mostly high-type cotton-grass—sphagnum
peat and high-type fuscum peat, but in the upper layer
it was high-type fuscum peat (Table 1). The age range of
samples was 400-2260 y, and their decomposition varied
from 8 to 31% (H2 and H6 on von Post scale, respectively;
Table 2). The age and decomposition degree of peat gradu-
ally increased with increased depth (Table 2).

Elemental composition and functional characteristics of
peat humic acids. There was significant variation in ele-
mental composition of HAs within the peat profiles. It is as-
sumed that during the peat extraction process the topmost
peat layers are subjected to periodic drying and wetting,
which would increase aerobic decomposition and oxidation
(Anderson and Hepburn, 1986). As a result, the elemental

Table 2

FUNCTIONAL AND MOLECULAR CHARACTERISTICS OF HAs
ISOLATED FROM PEAT SAMPLES

Sample Peat age | Peat de- |Total acid-| M, of HA
($2) composi- | ity of HA | (Da)
tion (%) | (meg/g)
Ploce 0-30 460 14 8.26 22 000
Ploce 30-60 n.d. 12 8.36 n.d.
Ploce 60-85 1560 14 7.68 18 000
Ploce 85-110 n.d. 14 7.51 n.d.
Ploce 110-130 1670 16 7.43 22 500
Kaigu 0-25 810 13 7.61 30 600
Kaigu 25-45 n.d. 10 7.64 32 600
Kaigu 45-70 1590 11 7.25 nd.
Kaigu 70-95 n.d. 13 7.15 n.d.
Kaigu 95-125 nd. 17 7.71 18 500
Kaigu 125-145 2260 19 7.51 21 500
Dizais Veikenieks 0-25 520 12 7.75 n.d.
Dizais Veikenieks 25-52 n.d. 12 8.25 33000
DiZzais Veikenieks 52-75 980 16 6.98 n.d.
Dizais Veikenieks 75-98 n.d. 19 7.17 32500
DiZzais Veikenieks 98-118 1350 16 6.67 26 000
Mazais Veikenieks 0-30 400 8 7.67 37000
Mazais Veikenieks 30-60 n.d. 14 7.00 n.d.
Mazais Veikenieks 60-90 n.d. 27 6.34 n.d.
Mazais Veikenieks 90-125 1180 31 6.72 n.d.

n.d. = no data
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composition of peat HAs does not regularly change with the
depth in the peat column.

Depending on the bog and the intervals of changes, the ele-
mental compositions of the studied peat HAs (Table 3) were
highly variable: C was 49-57%; H was 4.6-5.7%, N was
1.6-2.8%, S was 0.5-1.5% and ash was 0.1-1.2%. The O
content, with range 32-42%, was determined by mass bal-
ance. In general, C and H concentrations increased with
depth. N concentrations decreased with depth, but S con-
centration was very variable down the profile. The elemen-
tal composition of HAs from peat in Latvia is of similar
magnitude to those for peat HAs from other regions of the
world (Anderson and Hepburn, 1986; Qiamg et al., 1993;
Yamaguchi et al., 1998; Garnier-Sillam et al., 1999;
Zaccone et al., 2007).

The main atomic ratios (H/C, N/C and O/C) are reported in
Table 4.

The most dominant functional groups in the structure of
HAs were carboxyl and phenolic hydroxyl groups, giving a
sum of total acidity of HAs (Table 2). The range of total
acidity was 6.67-8.36 meq/g and was usually higher for
HAs from upper peat layers.

Table 3
COMPOSITION OF PEAT HAs

Sample and sampling depth| C (%) | H (%) |N (%) | S (%) | O (%) | Ash
(cm) content
(%)

Dizais Veikenieks 0-25 5480 5.09 219 0.83 3648 0.61
Dizais Veikenieks 25-52  54.11 5.07 210 0.95 37.30 047
Dizais Veikenieks 52-75  54.38 572 246 090 3592 0.62
Dizais Veikenieks 75-98  54.31 544 259 0.82 36.37 047
Dizais Veikenieks 98-118 56.36 559 223 0.66 3499 0.18

Gagu 0-20 4994 4.68 211 034 4149 145
Gagu 2040 5432 503 236 0.89 36.78 0.62
Gagu 40-60 5487 493 210 0.55 3693 0.62
Gagu 60-80 58.76 520 215 0.74 3253 0.62
Gagu 80-100 57.75 450 198 039 3526 0.12
Gagu 100-120 5209 494 1.66 127 3942 0.62
Gagu 120-140 53.80 534 196 0.78 37.83 0.29
Kaigu 0-25 57.05 5.06 262 0.57 3445 0.25
Kaigu 25-45 5452 542 252 0.85 3639 0.30
Kaigu 45-70 55.14 507 196 0.87 36.85 0.11
Kaigu 70-95 57.61 535 222 059 3393 0.30
Kaigu 95-125 57.60 5.19 1.82 159 3350 0.30
Kaigu 125-145 5626 543 237 0.09 3533 0.52

Mazais Veikenieks 0-30 ~ 54.10 533 224 155 36.68 0.10
Mazais Veikenieks 30-60  57.51 535 273 0.81 3294 0.66
Mazais Veikenieks 60-90 55.36 529 256 0.80 3533 0.66
Mazais Veikenieks 90-125 54.89 523 276 0.79 35.11 122

Ploce 0-30 5151 480 212 1.03 4030 0.24
Ploce 30-60 51.13 481 206 0.78 4097 0.25
Ploce 60-85 51.12 487 205 0.92 40.78 0.26
Ploce 85-110 52.11 461 1.60 0.73 40.70 0.25
Ploce 110-130 57.50 494 192 0.78 34.61 0.26
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Table 4

ELEMENTAL RATIOS AND HUMIFICATION INDICATORS OF
PEAT HAs

Sample E4/Eg H/C N/C O/C  |Humific-

ation
degree
(HD)

Dizais Veikenieks 0-25 3.65 1.11 0.03 0.50 1.014
Dizais Veikenieks 25-52 3.74 1.12 0.03 0.52 0.942
Dizais Veikenieks 52—75 3.00 1.25 0.04 0.50 1.055
Dizais Veikenieks 75-98 2.83 1.19 0.04 0.50 0.994
Dizais Veikenieks 98118  3.38 1.18 0.03 0.47 1.102

Gagu 0-20 2.81 1.12 0.04 0.62 1.029
Gagu 2040 3.17 1.10 0.04 0.51 1.107
Gagu 40-60 2.88 1.07 0.03 0.51 1.124
Gagu 60-80 2.93 1.05 0.03 0.42 1.214
Gagu 80-100 3.06 0.93 0.03 0.46 1.168
Gagu 100-120 3.27 1.13 0.03 0.57 1.048
Gagu 120-140 3.48 1.18 0.03 0.53 1.059
Kaigu 0-25 2.89 1.06 0.04 0.45 1.182
Kaigu 2545 2.84 1.18 0.04 0.50 1.106
Kaigu 45-70 3.13 1.10 0.03 0.50 1.113
Kaigu 70-95 2.73 1.11 0.03 0.44 1.187
Kaigu 95-125 3.00 1.07 0.03 0.44 1.187
Kaigu 125-145 3.70 1.15 0.04 0.47 1.348

Mazais Veikenieks 0-30 2.67 1.17 0.04 0.51 1.170
Mazais Veikenieks 30-60  2.50 1.11 0.04 0.43 1.123
Mazais Veikenieks 6090  3.67 1.14 0.04 0.48 1.144
Mazais Veikenieks 90-125  3.73 1.14 0.04 0.48 1.157

Ploce 0-30 3.70 1.11 0.04 0.59 1.206
Ploce 30-60 3.60 1.12 0.03 0.60 1.184
Ploce 60-85 3.00 1.14 0.03 0.60 1.237
Ploce 85-110 3.00 1.05 0.03 0.59 1.055
Ploce 110-130 3.76 1.02 0.03 0.45 1.035

The molecular weight (Table 2) of peat HA was character-
ized by M, . The found molecular masses of HAs were all
comparatively high, up to 37 000 Da.

DISCUSSION

Relation of peat humic acid properties to peat decompo-
sition (humification) degree. The peat HAs were analysed
using van Krevelen graphs as frequently applied for studies
of HSs and the C biogeochemical cycle (Van Krevelen,
1950). Table 4 shows the elemental ratios of the studied
peat HA samples. According to Orlov (1990), the index of
atomic ratios O/C, H/C and N/C is useful in identification
of structural changes and the degree of maturity of HSs ob-
tained from different environments. The relation between
H/C atomic ratio and O/C atomic ratio of HAs of differing
decomposition degree, beginning with bog plants up to
brown coal, lignite and coal — reveals changes in the asso-
ciated elemental composition (Fig. 1). Figure 1 can be con-
sidered a graphical representation of the humification pro-
cess, indicating the degree of maturity and intensity of
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degradation processes such as dehydrogenation (reduction
of H/C ratio), decarboxylation (reduction of O/C ratio),
demethylation occurring during the decay of peat-forming
plants, and peat humus maturation continuing up to coal.
These changes are especially evident if atomic ratios of
peat-forming plants (Sector 3 in Fig. 1) are compared to the
atomic ratio of organic matter of a high decomposition de-
gree (low moor peat, coal) (Sector 3 in Fig. 1). From the
point of view of chemistry, peat HAs have an intermediate
position (Sector 5 in Fig. 1) between the living organic mat-
ter and coal organic matter and their structure is formed in a
process in which more labile structures (carbohydrates,
amino acids, etc) are destroyed, but thermodynamically
more stable aromatic and polyaromatic structures emerge.
Comparatively, the studied peat HAs are at the start of the
transformation process of living organic matter.
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Fig. 1. Van Krevelen (H/C vs. O/C atomic ratio) graph of bog plants (@);
HAs isolated from peat samples from bogs in Latvia (@); reference peat
HA (IHSS 2008) and peat HA (%) (Belyaeva, 2004); soil HA (¢); HA
from different coals and lignite (H) (Krechetova, 1994; Dick et al., 2002;
Belyaeva, 2004), sedimentary HA (V) (Senesi and Sakellariadou 1994)
and aquatic HA (p) (Reckhow et al., 1990; Pettersson et al., 1994; Artinger
et al., 2000).

To provide reliable and quantitative information about the
diagenesis of HAs, we carried out further studies of the de-
pendence of the elemental composition of the peat samples
on their age (depth and decomposition degree) (Fig. 2). The
trends of dependence between H/C values and the depth of
the peat samples were mostly negatively related, demon-
strating that dehydrogenation is amongst the dominant pro-
cesses during ageing of peat HAs.

O/C vs. N/C atomic ratios indicate that the decarboxylation
processes were in line with the reduction of N concentration
relative to C content in HSs (Fig. 3).

Studies of elemental composition of peat HAs extracted
from a peat column can give information about ongoing
humification reactions during peat development. Humi-
fication has been mostly studied with the aim to analyse
composting and soil formation processes. However, the
humification process in peat is much different from that in
composts and soils, which have a quite rapid decomposition
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Fig. 2. Dependence of H/C values of peat HAs on peat column depth in
different peat bogs.
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Fig. 3. Van Krevelen graph of O/C and N/C atomic ratios in different peat
bogs.
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0.53359)
M Ploce peat bog (= = - - Y =0.34707 + 6.85928 - X; R = 0.44021; P =
0.45818)

of organic matter in early humification stages. However, in
waterlogged environments, under the impact of anaerobic
and acidic conditions, the humification process of the satu-
rated peat layers is very much retarded. Nevertheless, in
peat it is possible to follow the humification process for
very long periods (more than several thousand years). The
results demonstrate that it is possible to study the stage of
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humification of organic matter in peat according to its age
and apply the methods of analysis to the estimation of peat
humification. HD is suggested as a good measure of peat
decomposition.

As the present study shows, this parameter corresponds well
to the peat decomposition degree and age, and so can be
used to study the transformation processes of organic matter

(Fig. 4).
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Y = 0.06791 + 0.08631 - X; R = 0.93248; P = < 0.0001

Fig. 4. Correlation between the humification degree of the peat samples
and peat decomposition in Dizais Veikenieks, Gagu and Kaigu peat bogs.

The widely used humification indicator, E,/E, ratio, does
not give very much information about the character of
humification processes of HAs within peat columns, since it
is better correlated with the molecular size of HSs, rather
than their chemical structure (Fig. 4) as suggested by Chen
et al. (1977) for soil HSs.

UV-Vis absorption ratios were measured to provide infor-
mation about the humification state of peat samples. The ra-
tio E,/E is often used to describe the extent of condensa-
tion of the aromatic C-containing structures; low ratios
reflect high degrees of condensation of aromatics, while
high ratios mean the presence of large quantities of aliphatic
structures and low amounts of condensed aromatics (Chin et
al., 1997). This ratio is also inversely related to the degree
of aromaticity, particle size, molecular weight and acidity
(Uyguner et al., 2004).

In the present study, the variability of the E,/E ratios in the
peat profiles was generally low (Table 4). The correlations
between different chemical parameters were investigated
and the plot of the total acidity values and the E,/E ratios
showed strong negative correlations in peat bog profiles
(Fig. 6). Increases of the acidic groups in the HA samples
resulted in a reduced E,/E ratio. This spectral wavelength
rate was also connected with the humification indicators in
our study; with increased humification index, the ratio
E,/Eq decreased or stayed relatively constant. However,
these changes were not significant and can be explained by
the overall low decomposition degree within peat samples
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Fig. 5. Effect of molecular mass of peat HAs on the E4/E¢ . Peat sampled
from Dizais Veikenieks, Gagu and Kaigu peat bogs.
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Fig. 6. Correlation between E4/E¢ ratio and total acidity in Dizais
Veikenieks, Gagu and Kaigu peat bogs.

or by dissimilar botanical composition. In some cases these
parameters can be used for description of the transformation
processes of organic matter within peat profiles.

In conclusion, the clemental, functional, mass-molecular
and spectral characterisation of peat HAs stress the role of
their origin on HS properties. The present study showed
that the dominant peat mass was relatively homogeneous,
while there was high variability in peat Has properties. The
source of changes in peat HA properties extracted from in-
dustrially important bogs is most likely natural variability
and structural changes during the humification process.
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HUMIFIKACIJAS IETEKME UZ KUDRAS HUMUSVIELU IPASIBAM

Petijuma veikts komplekss un salidzino$s ktidras huminskabju (HS) raksturojums, kuras izdalitas no dazados Latvijas purvos iegitiem
profiliem. Paraugos noteikts elementsastavs un funkcionalo grupu saturs, ka ari analizéts karboksilgrupu daudzums un molekulmasa, bet
spektrala analizé lietotas ultravioletas, infrasarkanas, elektronu paramagnétiskas rezonanses un fluorescences emisijas spektroskopijas
metodes. Lai veiktu paraugu strukturalo analizi, tika izmantotas kodolmagnétiskas rezonanses (lH un ]3C) spektroskopijas metodes. No
Latvijas purviem izdalito HS ipasibas tika salidzinatas ar HS no citiem avotiem (Gidenu, augsnes, ogles un sintétiskajam humusvielam).
Galvenas kudras huminskabju ipasibas ir atkarigas no to izcelsmes, noradot uz humifikacijas procesu nozimi. Huminskabes, kuras izdalitas
salidzinosi jaunas kudras, sastavs ir 1idzigs augsnes humusvielam, tomér HS ar lielaku humifikacijas pakapi ievérojami atSkiras no augsnes

un no brinoglém izdalitam huminskabém.
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