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Abstract
The application of organic wastes, particularly composted municipal refuse and sewage sludge, significantly influenced soil structure and related physical properties of soil. A field experiment was conducted
in 2005 on Stagnic Gleysol soil where different organic amendments were applied, such as compost, pig
manure and sewage sludges. The results were compared with mineral fertilizers and untreated control. The
amounts of all fertilizers were determined to supply 110 kg N ha-1. The application of organic amendment,
such as pig manure and sewage sludge, decreased the macroporosity of soil. These changes concerned the
regular and irregular pores ranging 50-1000 μm in diameter. It was probably the result of a choking effect of
particles leached from the sewage sludge and pig manure. Mineral fertilization, compost or sewage sludge
did not influence the porosity of soil.
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Introduction
The use of organic wastes, such as compost and
sewage sludges, in agriculture and for land reclamation is increasingly being identified as an important
issue for both soil conservation and residual disposal.
Lower disposal costs, recycling of nutrient elements in
soil and counteracting the decrease of organic matter
in soil are the main reasons for the agronomic utilization of compost. The application of organic wastes,
particularly composted municipal refuse and sewage
sludge, is a way to solve two problems: waste disposal
and the correction of the low organic matter content of
many agricultural soils [1]. Most sewage wastes contain valuable nutrients that could be used to improve
soil fertility. Numerous research has dealt with chemi*e-mail: rtglab@cyf-kr.edu.pl

cal aspects of compost utilization, such as fertility and
pollution [2-7].
Soil structure is one of the most important properties affecting crop production because it determines the
depth that roots can penetrate, the amount of water that
can be stored in the soil and the movement of air, water
and soil fauna. Numerous physical parameters of soil,
such as bulk density, porosity, air and water permeability, water retention, and penetration resistance are strictly
connected with soil structure. Quantification of the pore
space in terms of shape, size, orientation and arrangement of pores in soil allows us to define the complexity
of soil structure and to understand its modification induced by management practices, including organic matter addition [8-11].
Many researchers have identified the influence of organic fertilizers amendment on physical properties of soil.
Positive effects of organic fertilizer applications on soil
properties have been documented for soil structure, bulk
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density, water retention and soil biological activity [12,
13]. But this effect is largely dependent on the soil texture,
the rate of wastes used, the period after wastes application
and waste type and processing method [14].
The aim of this study was to evaluate the effects of
different types of organic fertilizers, pig manure and municipal organic wastes like compost and sewage sludges on soil structure with respect to mineral fertilization
and untreated control. It was our hypothesis that organic
amendments play a favourable role in soil structure. The
objective of our study was to evaluate morphometric
characterization of soil macropores by image analysis
on soil sections when different organic fertilizers were
used in field trials.
Table 1. Soil characteristics of Stagnic Gleysol from trial location in Czernichow (10-18 cm layer).
pH (KCl)

5.6

Total organic C

g kg

-1

15.3

N

g kg-1

1.59

P

mg kg-1

71.8

K

mg kg

297.5

-1

Bulk density

g cm

-3

1.52

Solid particle density

g cm-3

2.58

Total porosity

cm3 cm-3

0.41

Sand

g kg

-1

280

Silt

g kg

-1

580

Clay

g kg-1

140

Texture

Silty loam

Methods
Experimental Design
The field experiment was set up in Czernichów near
Kraków, Poland (N 49o59.625’; E 19o41.910’) in 2005.
The experiment was laid out in randomized block design
in six treatments replicated four times with a plot size of
5/6 m. The treatments considered were:
– Control (0), untreated, where crop was raised without
any nutrient application
–	Mineral fertilizers (M), 110 kg N ha-1, 58.6 kg P ha-1
and 120 kg K ha-1 were applied
– Compost (C), obtained from composting plant of
Kraków, Płaszów, at a rate of 6.46 t fresh matter ha-1
– Pig manure (PM), at rate of 14.30 t fresh matter ha-1
– Sewage sludge (SS1), obtained from a sewage-treatment
plant of Krzeszowice, at a rate of 14.15 t fresh matter ha-1
– Sewage sludge (SS2), obtained from a sewage-treatment
plant of Czernichów, at a rate of 10.26 t fresh matter ha-1
The chemical characteristics of organic fertilizers used
in the trial are presented in Table 2. The amounts of organic
fertilizers were determined to supply 110 kg N ha-1. Mineral and organic fertilizers were incorporated into the soil in
April 2005 then conventional tillage practices (cultivation,
harrowing) were applied to the trial field for preparation of
seedbeds. In April 2005, seeds of wheat (Triticum aestivum
‘Jagna’) were sown at a rate of 205 kg ha-1. For chemical
weed control, Puma Universal (1 l ha-1) and Aminopielik
Gold (1 l ha-1) were used.

Soil and Climate
The soil type on the experimental field was a Stagnic Gleysol. Table 3 reports some soil characteristics. The

Table 2. Physical and chemical properties of the organic fertilizers.
Property

Sewage sludge,
Czernichow
(SS2)

Compost
(C)

g kg-1 d.m.b

34.0

26.2

41.6

39.0

Ptot

g kg-1 d.m.

12.8

8.2

22.3

5.9

Ktot

g kg d.m.

21.8

1.9

1.2

29.9

mS cm

2.89

1.69

0.47

2.62

8.23

6.23

6.57

7.31

EC

-1

-1

pH (H2O)
Organic matter

g kg-1 d.m.

831

414

726

531

Water content

c

g kg f.m.

774

703

742

563

Ash

g kg d.m.

169

586

244

469

-1

-1

EC = electrical conductivity
data are based on 105°C dry matter weight
c
f.m. = fresh matter
b

Sewage sludge,
Krzeszowice
(SS1)

Ntot

a

a

Pig manure (PM)
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resin (POLIMAL 109 32K). After hardening of the resin
the samples were sliced and put into a water solution of
sodium hypochlorite (with 20 g dm-3 available Cl content)
in order to brighten the solid phase of soil [17]. The surfaces of samples (80/90 mm) were scanned at a resolution
of 600 dpi using Epson Perfection 4870 Photo scanner and
the images (384 total) were saved as tiff files. The APHELION software (ADCIS S.A. and Amerinex Applied Imaging) was used for image analysis. The final result was a
set of pores grouped in six diameter classes according to a
method described by Głąb [18]:
i. >2000 µm
ii. 1000-2000 µm
iii. 500-1000 µm
iv. 200-500 µm
v. 100-200 µm
vi. 50-100 µm
The pores of every fraction were also divided into three
classes according to their shape expressed by the shape factor (4π*area/perimeter2) according to Pagliai et al. [19]:
i. Regular – shape factor 0.5-1.0
ii. Irregular – shape factor 0.2-0.5
iii. Elongated – shape factor 0.0-0.2

Table 3. Effects of organic and mineral fertilization on soil macroporosity according to pore shape.

Treatments

Porosity for shape classes [%]
regular

Total
macroporosity
irregular elongated
[%]

0

6.28 a

2.78 a

0.33 a

9.39 a

C

6.60 a

2.29 a

0.23 a

9.11 a

PM

4.49 b

1.37 b

0.10 a

5.96 b

M

6.00 a

2.14 ab

0.21 a

8.35 a

SS1

4.51 b

1.61 ab

0.15 a

6.26 b

SS2

5.60 ab

2.01 ab

0.10 a

7.70 a

Mean

5.58

2.03

0.18

7.80

Means in the same column followed by the same letters are not
significantly different (P<0.05).

climate of experimental site, situated in southern Poland
near Kraków was temperate. The average annual temperature was 11°C and the average annual rainfall amounted
to 579 mm (data from the meteorological station Kraków,
Mydlniki).

Statistics
The data were analyzed according to completely randomized block design at the experimental site with different fertilizers used in four replications. Analysis of
variance (ANOVA), the differences of the means and the
interaction were tested using STATISTICA 6.0 (StatSoft
Inc.). Separation of means was performed by Duncan’s
test with a level of significance of P<0.05.

Soil Macroporosity
The pore system of the investigated soil was characterized by image analysis on sections prepared from undisturbed soil samples [15, 16]. The soil samples were collected in April 2005, at the beginning of the vegetation season.
The 10-18 cm soil layer was chosen for the investigation
due to its location below harrowed level (0-5 cm) and in
the middle of tilled layer where most of the roots usually
are localized. The samples were taken in a vertical position
using metal boxes (80/90/40 mm). Samples were dried at
room temperature. Then they were saturated with polyester

Results and Discussion
According to Fitzpatrick’s [20] classification the
structure of the investigated soil can be described as com-

Table 4. Effects of the organic and mineral fertilization on soil porosity according to pore size.

Treatments

Porosity for pore diameter [µm] classes [%]
50-100

100-200

200-500

500-1000

1000-2000

>2000

0

2.57 a

1.67 a

3.06 a

1.81 a

0.27 a

0.00 a

C

2.54 ab

1.65 a

2.91 a

1.64 ab

0.38 a

0.01 a

PM

1.65 c

1.08 b

1.92 b

1.06 b

0.25 a

0.01 a

M

2.30 ab

1.52 ab

2.68 ab

1.49 ab

0.35 a

0.00 a

SS1

1.82 bc

1.18 b

2.06 b

1.03 b

0.17 a

0.00 a

SS2

2.13 abc

1.33 ab

2.41 ab

1.57 ab

0.25 a

0.00 a

Mean

2.17

1.40

2.51

1.43

0.28

0.00

Means in the same column followed by the same letters are not significantly different (P<0.05).
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Fig. 1. Pore size distribution according to pore diameter in the 10-18 cm soil layer. Vertical lines on bars represent standard errors.
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posite structure. This structure was observed in all treatments and it consisted of three types of structure: angular
blocky, granular and massive. The pronounced dominant
structure was massive with large area of continuous solid
phase where continuous pore space was absent but occasional discrete pores with various shapes were present.
Angular blocky aggregates were different in size, from
very fine (<5 mm in diameter) to coarse (about 50 mm).
This composite structure is characteristic for the upper
layer of arable lands with traditional tillage [20].
The average total macroporosity (percentage of area
occupied by pores larger than 50 µm in diameter) was
7.80% and varied from 5.96% (PM) to 9.39% (0) (Table
3). According to Pagliai’s classification [21], the soil can
be classified as compacted.
For a thorough characterization of soil macropores,
the pore size distribution and pore shape were also considered. The most frequent size class was 200-500 μm
(2.51%). The macropores were usually below 2000 μm
in their size, area occupied by pores >2000 μm was below
0.01% in average. The shape of pores was usually classified as regular (Table 3). Approximately 71.8% of all
macropores were regular, whereas irregular and elongated pores were 25.9% and 2.3%, respectively. There were
no interactions between size and shape of pores. For all
size classes the proportion between elongated, irregular
and regular pores were similar. The data of pore size and
shape are shown in Fig. 1.
The application of organic amendments significantly
influenced the macroporosity of investigated soil. However, these differences were clearly identified when pig
manure (PM) and sewage sludges from Czernichów (SS2)
were applied. The total macroporosity of 7.80% for the
control (0) decreased to 5.96% and 6.26% in PM and SS2,
respectively. These changes concerned regular and irregular pores, whereas any mineral or organic fertilizers did
not affect elongated pores. Both PM and SS2 treatments
decreased the percentage of pores ranged 50-1000 μm in
diameter with respect to control (0). Mineral fertilization
(M), compost (C) or sewage sludges from Krzeszowice
(SS1) did not significantly influence the size or shape of
macropores. The significant influence of PM and SS2
treatments on soil porosity can be explained by their
higher applicated rates (above 14 t fresh matter ha-1) with
respect to other treatments. This tendency is confirmed by
results obtained by authors (not published) in the investigation in water retention properties of Stagnic Gleysol.
It was noticed that application of pig manure and sewage
sludges decreased macroporosity but increased volume of
mezopores what resulted in favourable changes in water
retention characteristics of investigated soil.
We expected that organic fertilizers would play a favourable role in characteristics of the pore system that is
widely reported in literature. However, the results did not
show any improvement in soil porosity. On the contrary
the sewage sludge from Czernichów (SS2) and pig manure (PM) decreased participation of macropores. Baran
et al. [22] reported a similar effect when sewage sludge

application decreased the volume of macropores. It was
explained as a choking effect of particles leached from
the sewage sludge.
The positive influence of compost amendment is clearly identified for degraded soils or those with unfavourable
texture for crop growth. Pagliai et al. [11] reported that
compost fertilization played a favourable role in soil porosity on clay loam, compacted soil. Celik et al. [23] and
Turner et al. [24] confirmed a similar effect of influence of
compost amendment on physical properties of heavy soil.
The significant effect of organic and mineral fertilization on
macroporosity was also reported for sandy soil [12, 25].
The favourable effect of compost fertilization is also
clearly identified when high rates of compost are applied.
Tester [26] stated that compost amendment significantly
changed physical properties of soil at 240 t ha-1 compost
rate. Mbagwu [27] noted that organic wastes incorporated
into the soil at the rate of 10% increased the total porosity
by 23%. Sort and Alcaniz [28] reported the application of
sewage sludge at a rate of 400 t ha-1 induced an increase of
soil macroporosity (>50 mm). The rates of organic fertilizers, especially compost, used in this study were probably too low to significantly increase the macroporosity.
It is also reported that benefits from the use of a waste
product depend on an individual assessment of particular
waste characteristics [29]. The effect of organic amendments application on crop yields and environment is
largely dependent on factors like waste type, processing
method, distribution and incubation time [30]. This can
explain different effects of sewage sludge application with
different origins (sewage-treatment plants of Krzeszowice
and Czernichów).

Conclusions
The application of organic amendment such as pig
manure and sewage sludge from Czenichów decrease the
macroporosity of Stagnic Gleysol soil. These changes concern the regular and irregular pores ranged 50-1000 μm
in diameter. The decrease in soil macroporosity is connected with rates of organic fertilisers applied. Mineral
fertilization, municipal compost or sewage sludge do not
influence the soil structure. In conclusion, the quantitative
significance of organic wastes in different agro-ecological condition should be further explored with regard of
factors like rates, chemical compositions and processing
method, etc.
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