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IMPACT OF AGRICULTURAL USE 
ON CHOSEN SOIL PROPERTIES

Abstract: Agricultural use may change soil. These changes may be observed by examin-
ing certain soil properties. In numerous cases of agricultural use, soil compaction may be 
observed at the depth of 25–35 cm. After many years of use, this may lead to the creation 
of a plough sole. On arable grounds, which are generally fertilized by minerals, a decrease 
in organic matter content and soil acidification are frequently observed. 
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INTRODUCTION

Each human activity leads to changes in the natural environment. 
In the case of agricultural use, the greatest changes take place in soil. 
Mechanization in agriculture and the wish to produce ever-greater 
amounts of crops influence changes in some soil properties. In a short 
time, changes in soil reaction, organic matter content or creation of 
a plough sole at the depth of 25–35 cm may observed (Stojek 2004; 
Stojek 2005; Uggla 1976). 

RESEARCH SUBJECT, OBJECTIVE AND METHODOLOGY 

The research grounds were located in northern Poland (the Kaszu-
by    Lake District) and in central Poland (the Płock area). Different 
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soil types, created by postglacial deposits of the Vistula and Warta 
Rivers glaciations, were observed. On soil deposits, usually of sandur 
origin, Podzols originated. Cambisols were created upon argillaceous 
deposits and sand banks. In addition, Humic Gleysols, Histosols and 
often, Colluvic Anthrosols may be found in land depressions. 

The objective of the research was to determine the impact of agri-
cultural use on chosen soil properties.

At hand were data from the sixties of the XXth century for both 
regions, for the year 2002 for the Płock area and for the year 2006 
for the Kaszuby Lake District. The data came from arable land clas-
sification statements dating to the sixties and from the Author’s own 
research including the years 2002 and 2006. The analyses for the years 
2002 and 2006 were carried out in about 60 exposures. In the Płock 
area, 48 exposures were made on about 530 km2.. In the Kaszuby 
Lake District, 12 exposures and 15 drilling holes were made on about 
900 km2. Research in the Kaszuby Lake District is being continued. 

Common methods for soil examination were applied in the research. 
The real bulk density was described on the basis of small metal cyli-
nders with a capacity of 100 cm3. Soil samples were dried in the 
temperature of 105şC. Samples for the cylinders were collected at 
each ground horizon and in addition, at the depth of 20–30 cm. Soil 
reaction in the area was examined by the Hellige pH metre and in the 
laboratory by the potentiometer method. The organic matter content 
was determined by the Tiurin method. 

RESULTS AND DISCUSSION

Soil bulk density and soil compaction at the depth of 25–35 cm 
are properties well illustrating the impact of mechanization on ag-
riculture. The bulk density value for the examined soils fluctuated 
between 1,1–1,4 Mg*m–3 for sandy soils and 1,7–1,9 Mg*m–3 for clay 
soil (Tab. 1). It turned out that parent rock does not have significant 
impact on soil density at the depth of 25–35 cm. It was also observed 
that the bulk density values for soils created by the Vistula and Warta 
Rivers glaciations were similar.

Research in northern Poland (the Kaszuby Lake District) as well 
as in central Poland (the Płock area) showed soil bulk density at the 
depth of 25–35 cm. In relationship to the layer situated above the soil 
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compaction horizon, bulk density values differed by 0,05-0,2 Mg*m–3 
(Fig. 1–3). It is possible to assume that in the future a plough sole will 
be created which will undoubtedly result in an improper water flow 
into the soil profile and unsuiTable aeration of the humus horizon.

Tab. 1.
Range of bulk density values of the sTable stage in surface 

and subsurface layers in northern and central Poland 

Granulometric soil composition Depth (cm) Bulk density (Mg*m–3)

sand deposits 10–15 cm 1,2–1,7 
25–35 1,4–1,7 

clay deposits 10–15 cm 1,4–1,7
25–35 1,5–1,8

silit deposits 10–15 cm 1,1–1,6
25–35 1,5–1,6

Source: own elaboration. 

Most often, compaction of the subarable horizon takes place in soils 
made up of sand deposits, rarely in silit and clay deposits (Fig. 1–3). 
The soil type being used also has impact on the degree of compaction 
of the subarable horizon. The classical cultivation method, i.e. based 
on the plough system, guarantees soil loosening in the surface hori-
zon and compaction at the depth of 25–35 cm (Fig. 1, 3) (Stojek 2004; 
Włodek et al. 1998). While applying simplified methods, most often 
without ploughing prior to sowing, both the humus and subsoil hori-
zons undergo compaction (Białczyk et al. 2000). Soil compaction from 
the surface has been observed on grounds used as meadows (Fig. 4). 
This is the result of farm machinery crossing and not of surface layer 
loosening. Additionally, meadows belong to soils with increased or-
ganic matter content. Significant share of meadows has been reclaimed 
which results in mineralization of organic matter and compaction of 
the surface horizon (Stojek 2005). 

Soil reaction is an easily tested property. Reaction is one of the 
sensitive change indicators. Due to it, even a few years’ changes may 
be observed, especially those which are a consequence of human activ-
ity (Stojek 2005). Together with a change in reaction, changes occur 
in the assimilability of micronutrients and some macronutrients as 
well. Thus, biological and physical soil properties change (Gorlach, 
Mazur 2001). 



156 BARBARA BRAUN

Source: own elaboration. 

Soils with acid and semi-acid reactions dominate in northern and cen-
tral Poland. Soils with a neutral pH may be found rarely (Tab. 2, 3). 

Most often, in the total profile, Podzols have an acid reaction. On 
the other hand, Cambisols, Humic Gleysols, Histosols and Colluvic 
Anthrosols have a more diversified reaction, i.e. from acid in the sur-
face horizon to neutral in the parent rock. 

 In the sixth decade of the XXth century, at both observation areas, 
Cambisols and Luvisols were characterized by pH 4,4–6,0. Thus, we 
include them in the acid soil category (Fig. 5, 6). On the other hand, 
in 2002–2006, the pH fluctuated between 3,0–7,0 (Tab. 2, 3). In the 
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Fig. 1. Bulk density of soil made up of 
loamy sand (arable land)

Fig. 2. Bulk density of soil made up of sand 
(arable land)

Fig. 3. Bulk density of soil made up of 
sandy loam (arable land)
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Fig. 4. Bulk density of soil made up of 
clay loam (meadow)
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Kaszuby Lake District, in the sixties, soil used by individual farmers 
was characterized by greater acidity, e.g. exploration wall 2, Fig. 5. 
Their pH values are about 5. Next, soils being used by the National 
Land Holdings were most often characterized by a higher pH of about 
6, e.g. exploration walls 1, 5, Fig. 5. It may be assumed that in the 
sixties lime was applied to these soils. Currently, these grounds are 
also used by individual farmers. They are characterized by a somewhat 
higher pH level on the humus horizon and lower on the subsurface 
horizon than in the sixties (exploration wall 5). On the basis of inter-
views which were carried out, it may be deduced that immediately 
following lease of theses soils, lime was applied to majority of them. 
On the other hand, throughout the forty-year period of observation, 
Cambisols which throughout this time were the property of individual 
farmers are characterized by a stable reaction at about pH 5. 

Tab. 2.
Value range of reaction and organic matter in soils of central Poland 

in 1960 and 2000

Soil type Genetic horizon
Reaction

(pH) 
1960         2002

Corg
(%)

2002

Cambisols
A

Bbr
C

5,0–7,0
5,0–6,5
5,5–7,0

3,0–7,0
4,4–7,0
5,2–7,2

0,8–1,9
 
 

Luvisols

A
Eet
Bt
C

4,4–6,0
5,0–6,0
5,0–6,0
5,0–7,0

4,0–6,0
4,0–5,5
4,8–6,0
5,0–6,0

0,8–1,4
 
 
 

Brunic Arenosols
A
Bv
C

4,5–5,0
4,5–5,5
4,0–6,0

2,8–4,3
3,6–5,3
3,7–6,6

0,4–1,7
 
 

Humic Gleysols
A

AC
CG

5,5–6,5
5,5–6,5
5,0–7,0

4,2–7,1
5,0–7,0
5,5–7,7

1,5–4,1
 
 

Histosols and Drainic Histosols 
PO (M)

T
D

5,5–6,5
5,5–6,5
5,5–7,0

7,8–7,3
5,5–7,0
5,6–7,0

54–79
 
 

Source: own elaboration. Data from the sixties come from arable land classification 
statements
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Tab. 3.
Value range of reaction in soils in northern Poland in 1960 and 2006

Soil type Genetic
horizon

Reaction

(pH) 

1960       2006

Cambisols
A

Bbr
C

5,0–6,0
5,0–7,0
5,5–7,0

5,0–6,5
5,0–6,5
5,5–7,0

Luvisols

A
Eet
Bt
C

4,5–6,0
4,5–6,0
5,0–6,0
5,0–6,0

5,5–6,0
5,0–6,5
5,5–6,5
5,5–7,0

Brunic Arenosols
A
Bv
C

4,5–5,5
4,0–5,0
5,0–5,5

5,0–6,5
5,0–6,5
5,5–7,0

Source: own elaboration. Data from the sixties come from arable land classification 
statements

In the Cambisols and Luvisols of central Poland, throughout the 
forty-year period, an advanced acidification process was observed, 
e.g. exposure walls 1, 2, Fig. 6. A decrease in the pH of the humus 
horizon usually amounted to 1.2–1.5 units. In the subsurface horizon, 
fluctuation of reaction are small or do not occur at all. 

In both of the examined areas, Brunic Arenosols were and still are 
most often used by individual farmers. Their reaction level is somewhat 
different. In the sixties, the pH level fluctuated between 5 in the hu-
mus horizon to 6 in the parent rock (Fig. 5, 6). However, in 2006, the 
pH level in the humus horizon remained at the level of the sixties or 
slightly increased, e.g. exposure wall 3, Fig. 5). On the basis of inter-
views which were carried out, it may be surmised that lime is applied 
to these grounds on a regular basis. This is not always favourable to 
Podzols and Brunic Arenosols. On rare occasions, a decrease in the pH 
value was observed in rusty soils, e.g. exposure wall 3, Fig. 6. 

On soils which were set aside for wastelands, it was noted that 
the humus horizon was enriched by acid cations which illustrates 
the acidification process of these soils. This occurs, above all, in soils 
created by sandy deposits, e.g. exposure walls 3, 4, Fig.6. 

In northern Poland, in undulating areas, there are Colluvic Anthrosols. 
Their reaction, e.g. exposure wall 4, on the humus horizon, in the six-
ties as well as currently, is acid (pH about 5, Fig. 5). However, on the 



 IMPACT OF AGRICULTURAL USE ON CHOSEN SOIL PROPERTIES 159

subsurface horizons, pH is somewhat higher, even though it decreased 
during the last forty years. It may be assumed that the subsurface al-
luvial horizons are richer in nutrients than the surface horizons.

 

Fig. 5. Soil reaction in northern Poland in 1960–2006
Source: own elaboration

Fig. 6. Soil reaction in central Poland in 1960–2006 
Source: own elaboration

In the forty-year period, Humic Gleysols, Colluvic Anthrosols and 
Histosols are characterized by the most stable reaction, even though in 
certain profiles of these soils, a decrease of o 0.4–0.8 units was reported 
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(Fig. 6). In general, such soil reaction developed on the slightly acid 
to neutral levels (Tab. 2). Such a stability of reaction was guaranteed 
by organic matter content which has good sorption properties, in the 
direction of alkaline cations. 

An interesting phenomenon, confirmed in undulating and hilly ter-
rain in northern Poland, is the difference of reaction on the humus 
horizon between the summit, slope and foot slope (Fig. 7). Soils show 
a somewhat more acidy reaction on summits than on slopes and foot 
slopes. This is due to the flow of mineral elements together with hu-
mus down the stock (Lecomte, Le Bissonais 1999). Surface layers, 
however, are characterized by a more balanced reaction throughout 
the total length of a slope. This has been proven in 7 samples and 
will continue to be examined in diversified terrain. 

Fig. 7. Changes in soil reaction in the peak-slope-slope-foot arrangement. 
Source: own elaboration. 

 Intensive agricultural use leads to diminishment of organic mat-
ter content in soils (Acton, Gregorich 1995; Gorlach, Mazur 2001). 
The greatest dynamics of diminishment of organic matter content in 
Histosols, Drainic Histosols and Humic Gleysols, i.e. in soils which 
are the richest in organic matter (Tab. 2). In organic soils a decrease 
in the amount of organic matter content is caused by land melioration 
and crop (grasses) sprawl beyond the field. However, diminishment of 
humus in Humic Gleysols is caused by agrotechnical measures and 
intense fertilization, including liming (Karlik 1997; Stojek 2005). In 
other soils, depletion of organic matter is smaller (Stojek 2005). Even 
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a small increase in organic matter content took place in soils where use 
was changed from crop production to meadows or in soils which are 
lying fallow. The phenomenon of enrichment by humus was reported 
in soils rich in organic matter, e.g. Humic Gleysols, and in those with 
limited organic matter, e.g. Brunic Arenosols. A similar trend was 
observed by Eve et al. (2002) and Lala et al. (1999). 

CONCLUSION

1. Mechanical use of arable land leads to the creation of a compacted 
layer at the depth of 25–35 cm. Compaction of subsoil is, at maxi-
mum, greater by 0,2 Mg*m–3, than of the horizon located above 
the compacted layer. The greatest compaction takes place in soils 
created from sand deposits. 

2. In the Płock area soils, a progressive acidification process was re-
ported, especially in Cambisols and Luvisols. No large reaction 
fluctuations were reported in most of the soils examined in the 
Kaszuby Lake District. It may be assumed that these soils were and 
regularly are limed in optimal doses for the given soil type, which 
results in maintaining the reaction on the proper level. Individual 
use or management by national holdings did not have impact on 
the difference in reaction. 

3. On the humus horizon, a difference in reaction was observed be-
tween the summit, slope and foot slope in terrain with diversified 
sculpture. On the summit, soils showed a somewhat more acid 
reaction than on the slope and the foot slope.

4. In many circumstances, location at the foot slope is favourable to 
deepening the humus horizon and to the creation of alluvial soils. 
Most often, the reaction of subsequent alluvial soil horizons approxi-
mates reaction of humus soil located on the summit and slope.

5. Intensive mechanical cultivation generates diminishment of organic 
master content in the humus horizon. The greatest decrease was 
noted in soils rich in organic matter, that is Histosols, Drainic Histo-
sols and Humic Gleysols. Additionally, even a small increase in the 
organic matter content was observed in meadow wasteland soils.
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