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A bstract Eight sandy and three loess forest and arable soils taken from the S-E region of
Poland were used in the study. The following fractions of C were determined: total organic carbon,
fraction soluble in 0.5 mol NaOH dm™ (humic acids + fulvic acids), humic acids, fulvic acids, frac-
tion soluble in 0.5 mol HaSO4 dm™ (hemicelluloses) and residue. Quantity and quality of organic
matter depended on horizon and soil use. The highest content was shown by fraction of humus acids
and residue, whereas the lowest - hemicelluloses fraction. In most soils C ratio of humic to fulvic ac-
ids exceeded 1.0. On average, in humus horizons, it was higher in arable than in forest soils and in
loess as against sandy soils. In sandy soils, a slightly higher content of humus fraction and lower
residue one than in loess soils was found.
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INTRODUCTION

In natural conditions, the quantity and quality of organic matter depends on
ecological conditions and are closely related to soil type [10,13]. Organic matter is
a very dynamic soil constituent. In forest biocenoses it is found in abundance,
whereas in arable soils the accumulation and decomposition of organic matter is a
continuous process. Soil cultivation therefore and other anthropogenic factors may
change the properties of humus substances. Therefore, a study to compare the state
of humus compounds in soils under natural conditions and in soils influenced by
the activity of man is important for a fuller understanding of the transformation of
organic matter due to cultivation or fertilization.

The aim of the study was to determine the quantity and quality of organic mat-
ter in forest and related arable soils developed from the sand and loess located in
the Lublin District (Southern-Eastern Poland).
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MATERIALS AND METHODS

Soils from 11 locations in the Lublin region (Southern-Eastern Poland) were
used in the study. Each location was chosen so that natural forest and arable land
were in close proximity. The samples were taken from two horizons: humus and
subhumus. Eight soils developed from sands were classified as Cambic Arenosols
or Haplic Podzols and three formed from loess as Haplic Luvisols. The basic

physico-chemical soil properties of the studied soils are shown in Table 1.
The quality of organic matter was determined by the modified Griffith-

Schnitzer method [6]. During analysis the following fractions of C were deter-
mined: total organic carbon, humus acids soluble in 0.5 mol NaOH dm™ (humic
acids + fulvic acids), humic acids, fulvic acids, fraction soluble in 0.5 mol H2SO4
dm™ (hemicelluloses), fraction non soluble - residue. The content of C in particu-
lar fractions was determined by the modified Tiurin method [1].

RESULTS AND DISCUSSION

The content of Ciot in Ah horizons of podzol forest soils ranged from 4.8 to
19.58 g C kg'1 (mean 12.59 g C kg']) and in subhumus horizons from 2.16 to
1026 g C kg'l with mean of 5.36 g C kg_] (Table 2). Arable soils showed a lower
range of Ciot content than related forest soils i.e. from 7.24 to 10.30 g C kg'l
(mean 9.27 g C kg'l) in Ap horizons and from 2.04 to 6.0 g C l(g'l (mean3.77 g C
kg']) in subhumus horizons. The amount of Ciot in humus horizons of loess fo-
rested soils was higher (range from 14.25 t0 25.46 g C kg'l, mean 19.96 g C kg'l),
and in humus horizons of cultivated was comparable with the content in related
horizons of sandy soils. Subhumus horizons of both, forest and arable loess soils
showed Ciot content similar to sandy soils.

The content of organic carbon in humus horizons of the studied soils was com-
parable to the amounts stated for similar soils by Borowiec and Wybieralska [2],

Czerwinski [3], Maciejewska [7], Sktodowski [10], Turski [13], Turski et al. [15].
All forest soils demonstrated much higher Ciot content than arable soils, both in

humus and subhumus horizons. It is a well known relationship reported by many
authors [11,12,14]. Sktodowski [11] stated that the C amount in humus horizons of
the forest soils was 2.5 times higher than in related horizons of arable soils.
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T able 1. Basic physico-chemical soil properties of the studied soils

Horizon Granulometric composition Hydro- Sumof CEC*
Location/use (%) pH lytic bases
KCl acidity
1-0.05  0.05- <0.002 (mmol kg‘l)
mm 0.002 mm
mm
Sandy soils

Wrzosdéw Ah 84 15 1 3.65 69.4 4.0 73.4
forest Bv 87 11 2 4.34 31.9 1.0 329
Wrzoséw Ap 78 22 0 3.86 41.6 5.6 472
arable Bv 82 18 0 4.55 21.7 3.6 253
Albertow Ah 76 23 1 3.70 64.5 2.2 66.7
forest Bhs 78 21 1 4.25 26.6 2.1 28.7
Albertow Ap 66 27 2 5.70 24.7 16.1 40.8
arable Bhs 67 31 2 4.50 24.7 4.7 29.4
Ziarny Ah 95 5 0 4.00 35.6 4.6 40.2
forest Bv 90 6 4 3.95 45.4 34 48.8
Ziarny Ap 94 6 0 4.00 29.2 5.0 342
arable Bv 96 3 1 4.55 24.0 2.8 26.8
Firlej Ah 94 6 0 3.35 43.0 1.3 443

forest Ees 97 3 0 4.15 6.70 1.2 7.9
Firlej Ap 91 7 2 3.75 56.2 5.3 61.5
arable Bhs 97 3 0 430 12.0 3.5 15.5
Zalesie Ah 73 23 4 3.73 69.1 21.0 90.1
forest Bv 71 24 5 3.85 46.2 4.0 50.2
Zalesie Ap 68 27 5 3.85 40.5 8.0 48.5
arable Bv 71 23 6 4.24 20.8 4.0 24.8
Wandzin Ah 66 29 5 3.83 55.5 13.0 68.5
forest Bv 66 29 5 3.89 24.8 8.0 32.8
Wandzin Ap 63 33 4 6.18 12.0 67.0 79.0
arable Bv 60 36 4 5.28 13.5 17.0 30.5
Zurowe Ah 88 9 3 3.24 103.5 19.0 122.5
Bagno, forest AhBv 88 10 2 3.43 57.8 5.0 62.8
Zurowe Ap 94 4 2 4.02 27.8 8.0 35.8
Bagno, arable Bv 97 2 1 4.47 27.0 2.0 29.0
Gozdéw Ah 93 4 3 3.81 45.8 45.8 48.8
forest Bv 94 2 4 436 26.3 26.3 283
Gozdow Ap 91 6 3 3.95 28.5 28.5 34.5
arable Bv 94 5 1 4.48 214 214 234

*CEC - Cation Exchange Capacity.
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Table 1. Continuation

Granulometric composition Hydro- Sumof CEC*
(%) pH lytic bases
Location/use Horizon KClI acidity
1-0.05  0.05-  <0.002 (mmol kg™
mm 0.002 mm

mm

Loess soils

Czestawice Ah 20 71 9 431 52.5 80.9 133.4
forest Eet 17 69 14 3.94 53.6 25.3 78.9
Czestawice Ap 19 76 5 5.61 24.0 100.5 124.5
arable Bt 21 57 22 5.64 14.6 175.0 189.6
Mitocin Ah 26 64 10 3.35 78.0 24.0 102.0
forest Eet 16 72 12 3.68 52.5 7.0 59.5
Mitocin Ap 17 72 11 3.96 40.9 41.0 81.9
arable Bt 18 63 19 3.87 24.8 74.0 98.8
Stasin Ah 24 69 7 3.48 87.8 21.0 108.8
forest Eet 14 76 10 3.85 52.5 7.0 59.5
Stasin Ap 17 75 8 6.12 16.5 79.0 95.5
arable Eet 17 72 11 4.40 23.3 23.0 46.3

*CEC - Cation Exchange Capacity.

Generally, Ciot content in humus horizons of the examined soils was about 2 to
3 times higher in comparison to subhumus horizons. Similar results were obtained
by Czerwinski [3], Sktodowski [11], Turski et al. [15].

Among fractions separated, C of humus acids fraction soluble in NaOH (hu-
mic + fulvic acids) and non-soluble residue appeared in highest amounts. In Ah
horizons of sandy forest soils the C content in humus acids fraction ranged from
3.68 to 8.51 g C kg (mean S. 87 g Ckg ) and in Ap horizons of related arable
soils from 3.07 to 4.78 g C kg (mean 4.17 g C kg’ ). In humus horizons of loess
soils the C amount of this fraction was comparable to the content in related forest
and arable sandy soils.

Alike Ciot content, a range and mean values of C in NaOH fraction were
higher in forest than in arable soils and much lower in sub-humus as against hu-
mus horizons.

Results proved that hemicelluloses (fraction soluble in H2SO4) occurred in the
Iowest amounts. In all soils and horizons C content of this fraction was below 1 g
C kg and no clear differences were observed between the soils examined.

In the presented study C of humic and fulvic acids fractions were also deter-
mined and their ratio calculated (Table 2). HA:FA ratio varied in a wide range and
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Table 2. Total organic carbon and carbon of fractions content

C fractions
Location/use Horizon Ciot NaOH Humic Fulvic Hemi- Residue HA:FA*
acids _ acids  celluloses
(g Cke™)
Sandy soils
Wrzoséw Ah 12.90 7.80 436 344 0.18 4.92 1.26
forest Bv 5.22 2.31 0.78 1.53 0.35 2.56 0.50
Wrzosow Ap 7.42 4,78 2.58 2.20 0.24 2.40 1.17
arable Bv 2.16 1.11 0.86 0.25 0.21 0.84 3.44
Albertéw Ah 9.60 498 2.52 2.46 0.18 4.40 1.02
forest Bhs 4.08 1.74 1.00 0.74 0.06 2.28 1.35
Albertow Ap 8.70 4.13 3.00 1.13 0.18 4.40 2.65
arable Bhs 2.20 0.95 0.62 0.33 0.18 1.07 2.42
Ziarny Ah 9.75 4.27 2.90 1.37 0.30 5.18 2.11
forest Bv 2.94 1.20 0.90 0.30 0.12 1.62 3.00
Ziarny Ap 9.30 4.75 3.06 1.69 0.06 4.49 1.81
arable Bv 3.54 2.34 1.08 1.26 0.18 1.02 0.85
Firlej Ah 4.80 3.70 2.10 1.60 0.30 0.80 1.30
forest Ees 2.16 0.90 0.42 0.48 0.18 1.08 0.87
Firlej Ap 11.40 4.34 2.76 1.58 0.96 6.10 1.74
arable Bhs 2.04 1.06 0.84 0.22 0.13 0.89 3.81
Zalesie Ah 19.27 8.51 3.71 4.80 0.60 10.16 0.77
forest Bv 8.45 3.67 1.00 2.67 0.49 4.29 0.37
Zalesie Ap 10.29 3.79 2.10 1.69 0.79 5.71 1.24
arable Bv 5.10 3.37 0.69 2.68 0.55 1.18 0.25
Wandzin Ah 14.95 5.51 1.30 421 0.42 9.02 0.30
forest Bv 6.98 3.86 1.07 2.79 0.25 2.87 0.38
Wandzin Ap 7.24 3.07 2.00 1.07 0.55 3.62 1.87
arable Bv 6.00 4.09 0.85 3.24 0.38 1.53 0.26
Zurowe Bagno Ah 19.58 8.51 5.12 3.39 0.51 10.56 1.51
forest AhBv 10.26 3.12 1.71 1.41 0.27 6.87 1.21
Zurowe Bagno Ap 9.50 4.06 2.33 1.73 0.26 5.18 1.34
arable Bv 4.73 1.31 0.79 0.52 0.13 3.29 1.51
Gozdow Ah 9.89 3.68 2.74 0.94 0.25 5.96 2.91
forest Bv 2.85 1.75 1.11 0.64 0.45 0.65 1.73
Gozdow Ap 10.30 4.46 3.01 1.45 0.59 5125 2.07
arable Bv 4.39 1.67 0.91 0.76 0.13 2.59 1.19
Mean forest humus 12.59 5.87 3.09 2.78 0.34 6.38 1.11
subhumus  5.36 2.32 1.01 1.32 0.27 2.78 0.77
Mean arable humus 9.27 4.17 2.61 1.56 0.45 4.64 1.67

subhumus  3.77 1.98 0.83 1.15 0.24 1.55 0.72
*HA:FA - C of humic to C of fulvic acids ratio.
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Table 2. Continuation

C fractions

Location/use Horizon Crot NaOH Humic Fulvic Hemi- Residue HA:FA*
acids __ acids celluloses
(@ Ckg")
Loess soils

Czestawice Ah 14.25 6.66 3.00 3.66 0.39 7.20 0.81
forest Eet 3.70 1.35 0.81 0.54 0.10 2.25 1.50
Czestawice Ap 7.65 4.20 1.74 2.46 0.36 3.10 0.70
arable Bt 2.40 0.69 0.40 0.29 0.21 1.50 1.37
Mitocin Ah 25.46 8.12 530 2.82 0.73 16.61 1.87
forest Eet 4.08 1.48 0.75 0.73 0.15 245 1.02
Mifocin Ap 9.72 3.35 219 1.16 0.49 5.88 1.88
arable Bt 3.40 0.57 0.15 0.42 0.17 2.66 0.35
Stasin Ah 20.18 7.20 4.41 2.79 0.15 12.83 1.58
forest Eet 6.60 1.90 1.17 0.73 0.14 4.56 1.60
Stasin Ap 8.35 2.73 2.16 0.57 0.32 5.30 3.78
arable Eet 2.14 1.08 0.52 0.56 0.08 0.98 0.92
Mean forest humus 19.96 733 4.24 3.09 0.42 12.21 1.42
subhumus  4.79 1.58 0.91 0.67 0.13 3.09 1.37
Mean arable humus 8.57 3.49 2.03 1.40 0.39 4.76 2.12

subhumus  2.64 0.78 0.36 0.42 0.15 1.71 0.88

was different for soils or horizons. In humus horizons of sandy forest soils it
ranged from 0.30 to 291 (mean 1.11) and in arable from 1.17 to 2.65 (mean 1.67).
Subhumus horizons of sandy soils did not differ substantially in HA:FA ratios and
the mean index was the same for arable and forest soils. Similarly to sandy soils,
in loess soils C of humic to fulvic acids the ratio varied in a wide range i.e. from
0.7 to 2.12 in humus horizons and from 0.35 to 1.6 in sub humus horizons. Values
of HA'FA ratios found in this study are in agreement with the data of many
authors [2,5,8,13]. These authors maintained that HA:FA ratio may vary in a wide
range even within the same type of soils.

In most arable as well as forest soils, the HA:FA ratio exceeded 1,0. More-
over, the tendency of the higher values of that index was observed rather in arable
soils than in forest soils, especially in humus horizons. It is clearly seen in mean
ratio value. For humus horizons of sandy soils it was 1.11 and 1.67 in forest and
arable soils, respectively and for related loess soils 1.42 and 2.12.

The ratio of humic to fulvic acids is an important index for soil humus quality
evaluation. Generally, its higher values are indicative of well developed humification
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processes and are observed in arable soils in high agronomic culture [11,13]. The
prevalence of humic over fulvic acids in both, arable and forest soils studied de-
note advanced humification processes there.

Percentage share of C fractions in Cot depended on horizon and soil usage. In
all soils studied soils, on average, the highest share was shown by humus acids
(soluble in NaOH) and non soluble residue (Table 3). Share of C humus fraction in
forest sandy soils ranged from 36.86 to 77.08% (mean 49.37%) and from 30.4% to
61.40% (mean 44.98%) in humus and subhumus horizons, respectively. In arable
profiles of these soils it was not much different from the forest ones and varied
from 36.83 to 64.42% (mean 45.79%) in humus horizons and from 27.70 to
68.33% (mean 51.59%) in subhumus horizons. Both, forest and arable loess soils
showed a slightly lower range and mean of C humus acids fraction share and Ciot
in comparison to sandy soils. For humus horizons of loess forest soils the values
ranged from 35.68 to 46.73% (mean 38.10%) and for humus horizons of arable
soils from 32.69 to 54.90% (mean 40.68%). Similarly sandy soils in loess soils no
clear difference in share of C fraction NaOH-soluble was observed between ara-
ble and forest soils.

No clear relationship was stated in the proportion of humic and fulvic acids in
sandy soils. For most horizons in the forest and arable soils the percentage share of
humic acids in Crot was higher than the proportion of fulvic acids but it appeared to be
opposite for the others. A similar situation occurred in the loess soils. The results ob-
tained are somewhat different from the findings by Sktodowski [11] and Turski [13]
who showed that, as a rule, in arable soils organic matter consisted of a higher percent-
age of humic acids than of fulvic acids. According to these authors, fulvic acids prevailed
over humic acids in forest soils. Stowinska-Jurkiewicz [12] in tumn, has determined more
fulvic than humic acids in three loess forests as well as arable Luvisols.

Among C fractions separated, the lowest percentage share was shown by frac-
tion H2804-soluble. The maximum values exceeding 10% occurred in only two
cases and in the other samples it was below 10%. The values obtained correspond
to the data reported by Flis-Bujak [4], Stowinska-Jurkiewicz [12], Turski [13], and
Wojcikowska-Kapusta [16] for similar soils.

A tendency towards a higher proportion of hemicelluloses in organic matter of
arable than in related forest soils was observed. This is in agreement with findings
of Turski [13].

As mentioned above, the humus acids fraction, together with the non soluble
fraction of organic matter contributed significantly to the total C content. On ave-
rage, the share of this fraction ranged from 41.90% (subhumus horizons of sandy



232 H. SMAL et al.

T able 3. Organic carbon content and percentage share of C fractions

Fractions share (%)

Location/use Horizon NaOH

Humic Fulvic Hemi- Residue
acids acids celluloses
Sandy soils
Wrzosow Ah 60.50 33.80 26.70 1.40 38.10
forest Bv 4425 14.94 29.31 6.50 49.25
Wrzos6w Ap 64.42 34,77 29.64 3.23 32.35
arable Bv 51.38 39.80 11.58 9.72 38.90
Albertow Ah 51.87 26.25 25.62 1.87 46.26
forest Bhs 42.64 24.50 18.14 1.47 55.89
Albertéw Ap 47.47 34.48 12.99 2.06 50.47
arable Bhs 43.18 28.19 15.00 8.18 48.64
Ziarny Ah 43.79 29.74 14.05 3.07 53.14
forest Bv 40.81 30.61 10.20 4,08 55.11
Ziarny Ap 51.07 32.90 18.17 0.64 48.29
arable Bv 66.10 30.50 35.59 5.08 28.82
Firlej Ah 77.08 43.75 33.33 6.25 16.67
forest Ees 41.66 19.44 22.22 8.33 50.01
Firlej Ap 38.07 24.21 13.85 8.42 53.51
arable Bhs 51.96 41.17 10.78 6.37 41.67
Zalesie Ah 44.16 19.25 2491 3.11 52.73
forest Bv 43.43 11.83 31.60 5.80 50.77
Zalesie Ap 36.83 20.41 16.42 7.67 55.49
arable Bv 66.08 13.53 52.55 10.78 23.14
Wandzin Ah 36.86 8.70 28.16 2.81 60.33
forest Bv 55.30 15.33 39.97 3.58 41.12
Wandzin Ap 42.40 27.62 14.38 7.60 50.00
arable Bv 68.33 14.33 54.00 6.17 25.50
Zurowe Bagno Ah 43.46 26.14 17.32 2.60 53.94
forest AhBv 30.40 16.66 13.74 2.63 66.97
Zurowe Bagno Ap 42.74 24.53 18.21 2.74 54.52
arable Bv 27.70 16.70 10.99 2.75 69.55
Gozdéow Ah 37.21 27.70 9.50 2.53 60.26
forest Bv 61.40 38.95 22.46 15.79 22.81
Gozdoéw Ap 43.30 29.22 14.08 5.73 50.97
arable Bv 38.04 20.73 17.31 2.96 59.00
Mean forest humus 49.37 26.91 22.45 2.95 47.67
subhumus 4498 21.53 23.45 23.45 48.99
Mean arable humus 45.79 22.52 17.27 4.76 49.45

subhumus 51.59 25.62 25.98 6.50 41.90
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Table 3. Continvation

Fractions share (%)

Location/use Horizon NaOH

Humic Fulvic Hemi- Residue
acids acids celluloses
Loess soils
Czestawice Ah 46.73 21.05 25.68 2.73 50.54
forest Eet 36.48 21.89 15.00 2.70 60.80
Czestawice Ap 54.90 22.74 32.15 4.70 40.40
arable Bt 28.75 16.66 12.08 8.75 62.50
Mitocin Ah 31.89 20.82 11.08 2.87 65.24
forest Eet 36.27 18.38 17.89 3.68 60.05
Mitocin Ap 3447 22.53 11.93 5.04 60.49
arable Bt 16.76 4.41 12.35 5.00 78.24
Stasin Ah 35.68 21.85 13.83 0.74 63.58
forest Eet 28.79 17.73 11.06 2.12 69.09
Stasin Ap 32.69 25.87 6.83 3.83 63.48
arable Eet 50.47 24.30 26.17 3.74 45.79
Mean forest humus 38.10 21.24 16.86 2.11 59.78
subhumus 33.84 19.33 14.65 2.83 63.31
Mean arable humus 40.68 23.71 16.97 4.52 54.79
subhumus 31.99 15.12 16.87 5.83 62.18

arable soils) to 63.31% (subhumus horizons of loess forest soils). Similar results
were obtained by Borowiec and Wybieralska [2], Pisarek [9], Stowinska-
Jurkiewicz [12], Turski [13], Wéjcikowska-Kapusta [16].

Generally, loess soils showed a higher percentage share of residue fraction in
comparison to sandy soils.

CONCLUSIONS

1. The quantity and quality of organic matter in the soils studied, varied in ge-
netic horizons and depended on soil use.

2. The results confirmed the known regularity of the higher content of Ctot in
humus horizons than in subhumus horizons and its higher content in forest soils in
comparison to arable soils. That also referred to the C fractions.

3. The highest content of C in g kg'1 as well as in percent of Ciot was demon-
strated by the fraction of humus acids and residue, whereas the lowest - the
hemicelluloses fraction.
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4. In most soils the C ratio of humic to fulvic acids exceeded 1.0. On average,
in humus horizons, it was higher in arable soils than in forest soils. Moreover, it
appeared to be higher in loess in comparison to sandy soils.

5. In sandy soils, a slightly higher content of humus fraction and a lower one
of residue than in Luvisol soils was found.
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