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Land use change impact on soil organic matter.

Loess landscape case study

Abstract

The aim of this article is to establish how land use change influences
soil organic matter content in the loess landscape. The research was
conducted near Krasnystaw in the Lublin Upland, in forest, on arable
land and on abandoned lands at various stages of secondary succession.
During the field research, samples were collected from the upper soil layer
and analyzed for organic carbon content, fractional composition of humus
compounds and soil reaction. The results obtained indicate that the impact
of land use change manifests itself in a change of the soil reaction, which
turns from neutral or slightly acid into acid. The tillage system reduces
organic matter in the soil and increases the humic acids ratio, whereas
abandonment of the land causes an evident increase in the soil’s organic
matter content and the fulvic acids ratio. These results allow us to state
that land use change has a rapid impact on the geochemical properties
of the landscape (which can be noticed as soon as 5 years after the land
is abandoned).
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Introduction

In physical geography, the notion of ,landscape” can be
understood in a number of ways (Ostaszewska 2002, Richling, Solon
2011, Chmielewski 2012). In the field of landscape geochemistry
it is usually identified with the geosystem, a dynamic spatial
system that consists of nature components connected by the
migration of nutrient and chemical compounds (Perelman 1971,
Ostaszewska 1992). In natural uninterrupted conditions, all the
components of the landscape are connected, the geosystemas a
whole is in equilibrium and there are stable relationships between
the energy and matter that flow, transform and accumulate
(Widacki 1979).

The soil and vegetation are parts of the system that are
affected the fastest by changes in the landscape (Richling
1982). This means that the soil can be considered a reliable
indicator of such changes (Degdrski 2005) as a change in one
component of the system leads to changes in the others.
So when a forest ecosystem turns into a tillage system,
deforestation causes a disturbance in the nutrient cycle
and energy flow and affects the geochemical balance of
the landscape as a whole. Yet abandoning of the land leads
to the closure of the matter cycle and energy flow, which
implies slow restoration of the geochemical equilibrium of the
geosystem.

This article aims to analyze how land use change
(from forest into a tillage system) influences soil organic
matter, as well as to demonstrate which geochemical
equilibrium restoration mechanisms occur when the land is
abandoned.
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Research area and the methods

The research was conducted in the Lublin Upland in an
area called Dziaty Grabowieckie near the town of Krasnystaw
(Kondracki 2009). This landscape is characteristic because of the
upper Cretaceous marls present in the bedding that are covered
by a loess layer of varying thickness. The relief is diverse,
characterized by many ravines and erosion slits. The drop
between valleys and elevations can reach over 100 m.

Dziaty Grabowieckie is situated on the boundary of the
mixed forest and forest-steppe zones. The potential vegetation
of the area consists of mixed beech and sycamore forest,
as well as thermophilous oak and steppe grasslands. The
contemporary landscape of the area is dominated by arable
lands that generally account for around 80% of the Lublin Upland
area. Forest appears in small patches, mainly in ravines and on
steep slopes and accounts for only a few percent of the area
(Baran-Zgtobicka et. al. 2001).

Four land use types were chosen for detailed examination
in the study: arable, forest and two areas of abandoned land
with secondary succession (one that was abandoned 5 years
ago and another that was abandoned 20 years ago). The forest
consisted of 80-year-old beeches (Fagus sylvatica L.). The plot
of arable land that had been abandoned for 5 years was covered
with wood small-reeds (Calamagrostis epigios L.) and various
genres of goldenrods (Solidago), along with a small number
of birch seedlings (Betula pendula L.). The plot of arable land
that was abandoned 20 years ago was covered by silver birch
(Betula pendula L.). The areas studied during the research
were located on Anthric Luvisols and Stagnic Luvisols, formed
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Fig. 1. Organic carbon content in the humus horizons of the examined soils

on loess (silt loam and silt) and positioned on the elevation in
close proximity to each other. The research material comprises
of 48 samples taken from the humus horizon (0-15 cm), of which
12 came from sites representing each type of land use
considered in the study. Laboratory examination involved the
analysis of the organic carbon content (Tiurin method modified)
and the fractional composition of humus compounds (Kononowa
and Bielczikowa method), as well as pH (in 1 M KClI).

Research results and discussion

Organic carbon content

The highest levels of organic carbon content in the humus
horizon were found in the forest soils and averaged 2.21%.
What is more, the forest soils revealed the highest differences
in organic carbon content, from 1.23% to 3.01%, with a standard
bias of 0.57% (Table 1). This is definitely caused by shade and
different plant downfall that dissolves there. The lowest levels
were found in the arable land, where the organic carbon content
ranged from 0.68% to 1.27% with an average of 0.98% (Fig. 1).
A perceptible difference in the organic carbon content between
the arable lands and the forest is a result of differences in how
the two ecosystems function. In the forest, huge amounts of
organic matter created by decomposition of litter and animal
remains are incorporated into the cycle every year. In contrast,
arable lands are characterized by an open matter cycle, where
different nutrients and chemical compounds are removed from
the geosystem when the crop is harvested, and the matter
cycle incorporates only the decomposition products of the crop
stubble as well as any elements added by fertilizers.

Abandonment of land leads to an increase in the soil organic
carbon content, while the overgrowth of grasses and tree
seedlings that comes shortly after leads to a re-closure of the
matter cycle. Decomposition of the litter and animal remains that
cover the surface causes an increase in the amount of organic
matter. Some 5 years after abandonment, the organic carbon
content of the land varies from 1.19% to 1.60%.

After 20 years of the land being allowed to lay fallow, organic
carbon content reaches levels of between 1.05% and 1.71%,
with an average of 1.36%. This is only slightly lower than the
levels for land that has been abandoned for 5 years. Yet the land
that has been abandoned for longer proves to have different
levels, most probably because of the density of its vegetation
cover; some 70% of the research area on that site is covered
with 15-year old birches. Where the tree cover is less dense, the
land is dominated by grass and especially wood small-reeds.
Yet where the tree cover becomes denser, undergrowth is
scarce. The differences in the organic carbon content are most
probably caused by differences in the supply of plant material
that is prone to mineralization and humification.

Similar differences in the organic carbon content of soils
of various uses was also demonstrated by research conducted
on leached soils (Podzols) and rendzinas (Calcic Leptosols) in
Poland by Podstawka-Chmielewska and Kurus (2007), as well as in
Costa Rica by Powers (2004), although the landscape in Costa
Rica functions differently to thatin Poland. These similarities may
indicate that land use change has an impact on the soil organic
matter content regardless of the environmental conditions.
What is more, according to Kosmas et al. (2000) abandonment
of the land has significantly increased the soil organic carbon
content only of soils created on molten and calcareous rock,
while the soils formed on shale exhibit only small differences.
Kosmas et al. specify that the type of bedding proves to be more
important for the soil organic matter content. This contradicts
the results obtained by Geissen et al. (2009), which indicate that
there are no differences between the organic carbon content of
the soils affected by deforestation and afforestation in Mexico.
This lack of consistency means that an overall conclusion is
hard to reach.

Fractional composition of humus compounds

The results of laboratory analysis revealed the dominance
of humic acids in the humus horizon of the arable land
(Fig. 2) at levels that ranged from 10.5% to 27.7%, while the fulvic
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Fractional composition of humus compounds
. Corg
pH (in KCI) (in %)
Fulvic acids Humic acids Fulvic/Humic
(in %) (in %) acids ratio
min: 5.00 0.68 5.2 10.5 0.5
max: 5.72 1.27 19.3 27.7 0.9
Arable land ave: 5.37 0.98 10.5 16.5 0.7
med: 5.36 0.99 9.3 14.9 0.7
SD: 0.22 0.23 4.8 6.4 0.12
min: 3.77 0.95 8.3 6.11 1.5
max: 417 1.44 19.6 13.0 1.9
| :1??5“::2) ave: 4.01 1.28 16.1 9.6 1.7
y med: 4.01 1.32 17.5 9.1 1.7
SD: 0.12 0.14 3.5 2.3 0.18
min: 3.71 0.86 8.2 7.8 1.0
max: 4.75 1.47 322 19.1 1.7
Ia‘::?;g°2::'s) ave: 4.00 1.28 16.3 13.3 1.3
y med: 3.96 1.38 14.3 13.5 1.2
SD: 0.07 0.22 6.9 41 0.24
min: 3.36 1.23 18.1 4.4 1.9
max: 3.82 3.01 25.5 12.5 3.1
Forest ave: 3.64 2.21 211 9.3 2.2
med: 3.68 2.22 21.0 9.7 2.1
SD: 0.15 0.57 2.4 2.4 0.38

Corg — organic carbon content, min — minimum, max — maximum, ave- average, med — median, SD — standard deviation
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Fig. 2. Average fractional composition of humus compounds in

the humus horizons of the examined soils

acid content ranged between 5.2% and 19.3%. The dominance
of humic acids is due to the type of organic substance that
decomposing (leaves, roots etc.) and the microorganisms
that are causing this decomposition. The main component in
these arable soils is cellulose, which is decomposed mainly by
environmental bacteria and characterized by weak acid and
neutral reactions (Szujecki 1996).

In contrast, in the forest soils the fulvic acids dominate
at levels of between 18.1% and 25.5%, while the humic
acids content ranges between 4.4% and 12.5%. The evident
dominance of the fulvic acids in these soils is caused by fungi
activity in the decomposition of the organic matter. Fungi live in

environments characterized by acid reactions, where the main
substance undergoing decomposition is lignin during during
which easily-dissolved fulvic acids are generated (Kowalifski,
Gonet 1999).

The ratio of fulvic acids to humic acids changes after the
land has been abandoned in favor of the latter. The fulvic
acids content in the soil samples taken from the land that had
been abandoned for 5-years ranged between 8.3% and 19.%,
whereas the humic acids content ranged between 6.11%-13.0%.
In the samples taken from the land that had been abandoned
for the longer period, there was an increase in the fulvic
acids content to 8.2- 32.2% and in the humic acids content to
7.8%-19.1%. The difference in the former is probably caused by
different amounts of plant cover, while the difference in the latter
is the result of the organic substance transformation caused
by grass and tree seedlings as well as changes in soil fauna
(Rykowski 1990).

Having examined the average fulvic acids to humic acids
ratio, we can observe that the highest ratios (averaging 2.2) that
signify dominance of the fulvic acids in the humus layer, are
encountered in forest soils. Fulvic acids are also predominant in
land that has been abandoned for 5 years (average of 1.7) and
20 years (average of 1.3). In contrast, humic acids prevail in the
humus layer of the arable land with an average ratio of 0.7.

Similar observations for the composition of the humus and
ratio of fulvic to humic acids were made by Kope¢ and Gondek (2001)
in their analysis of Matopolska soils, and by Zukowska et. al. (2007)
in their examination of Luvisols. Cerli et al. (2008) reported that the
increase of fulvic acids with afforestation on land formerly used
for agriculture probably indicates podzolization.
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Fig. 3. pH level in humus horizons of the examined soils

Soil reaction

The highest pH levels of 5.00-5.72 were determined
in the wupper horizon (0-15cm) of the arable soil
(Fig. 3). Low acidity in arable soil is an effect of the delivery of
alkaline nutrients in mineral fertilizer (Wang et al. 2001). The lowest
pH levels of 3.36-3.82 were determined in the upper horizon of
the forest soil and results from the delivery of nutrients both in
the atmospheric fall and in the process of litter fall distribution
(Pokojska 2005). Given the supremacy of infiltration over
evaporation, alkaline nutrients are moved deep into the profile,
together with humic acids.

The abandonment of arable lands leads to a change in pH
levels of the upper soil horizon. This is mostly an effect of the
discontinuation of the delivery of mineral substances (fertilizers)
and the rise in humic acid production, especially fulvic acids.
The pH levels of samples taken from the land that had been
abandoned for 5 years ranged between 3.77 and 4.17, while
for land that had been abandoned for 20 years they ranged
between 3.71 and 4.75. The relatively small difference in the soil
reaction indicates that the largest changes in pH levels occur
in the first years after abandonment and that they are generally
constant until the young forest starts to grow (birches, in this
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