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BIOLOGICAL INDICATORS OF SOIL QUALITY AFTER
APPLICATION OF DAIRY SEWAGE SLUDGE

Microbiological indicators can be used for the assessment of the ecological condition of soils affected by various environmental and anthropogenic factors. The objective of the study was to estimate the causative effect of sludge from dairy sewage treatment plant on enzymatic activity of dehydrogenases, protease and urease and on nitrogen transformations (intensity of ammonification and
nitrification) in a brown soil. The microbiological and biochemical tests applied proved to be sensitive indicators of the biological properties of soil fertilised with sludge from a dairy sewage treatment
plant.

1. INTRODUCTION
Enzymatic activity of soils can be accepted as an indicator of overall microbiological activity [1]–[3]. It is one of the indices used for the estimation of both fertility and
productivity of soils and permits the acquisition of comprehensive knowledge on
changes taking place in soil environment following the introduction of, e.g., sewage
sludge [3]–[6]. The analyses of the soil environment make use also of such processes
as ammonification and nitrification that provide information on the transformations of
soil nitrogen [7]–[9]. In view of the role of the above parameters, their rate or intensity
is considered to be an important indicator of the biological activity of soil and is frequently employed for determining the effect of various factors on the biological status
of the soil environment [10], [11].
Numerous authors have studied the effect of sewage sludge on the enzymatic activity
of soil [4], [12]–[16] and on the intensity of the processes of ammonification and nitrification in soil amended with sewage sludge [10], [17], [18]. Sewage sludge introduced
into soil may cause notable changes in its enzymatic activity and in the intensity of proc* Institute of Agrophysics, Polish Academy of Sciences, ul. Doświadczalna 4, 20-290 Lublin 27,
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esses taking place in the soil environment, whose rate and direction depend on the type
of the sludge applied, its dose, and on the biochemical parameter studied [13].
In the available literature, there are few studies concerning the effect of dairy sewage
sludge on the microbiological and biochemical activity of soil, and those studies that had
been undertaken were conducted mostly under laboratory conditions [19]–[23]. Therefore, the objective of the study reported herein was to determine the causative effect of
soil fertilisation with sludge from a dairy sewage treatment plant on the enzymatic activity of dehydrogenases, urease, protease, intensity of ammonification and nitrification,
and on the content of organic carbon and total nitrogen in a field experiment set up on
a brown soil.

2. MATERIAL AND METHODS
The study on the fertilising effect of dairy sewage sludge on the microbiological and
biochemical activity of soil was performed on the basis of a field experiment covering
the area of 1 ha (10 plots of 200 m2 in surface area for each experimental treatment selected in a fully random way). Each year the soil on experimental plots was amended
with sludge at the dose of 22 t ha–1 (4 t d.m. ha–1), which gave the following experimental treatments: 1 – control soil, without sludge (G0); 2 – soil in the first year after sludge
application (G1); 3 – soil in the second year after sludge application (G2); 4 – soil in the
third year after sludge application (G3); 5 – soil in the fourth year after sludge application (G4). Soil samples for analyses were taken in the fourth year of the experiment, at
various stages of plant vegetation: stalk shooting (F1), heading (F2), milk ripeness (F3)
and full ripeness (F4). The soil was sown with winter wheat. From each experimental
plot 20 soil samples were taken, thus a representative averaged sample was obtained.
Such a model of the experiment permitted the study of the sequential effect of the sludge
on the microbiological and biochemical activity of the soil.
The study was conducted on a brown soil developed from a silt-clay formation with
the following grain-size composition: 8% of sand fraction (1.0–0.1 mm), 47% of silt
fraction (0.1–0.02 mm) and 45% of washable particles (<0.02 mm). The sludge was
drawn from the Regional Dairy Cooperative in Krasnystaw, with an active sediment
system and a mechanical excess sediment dehydration station equipped with a centrifuge. Sewage treatment with the method of active sediment consists in introducing an
adequate amount of oxygen into the sewage and in maintaining the sediment in suspension by keeping the liquid in constant motion due to the application of vertical and horizontal aerators. Thanks to the absorption capabilities of the floccules of the active sediment, organic contaminants contained in the sewage get absorbed by micro-organisms
included in the sediment. In spite of the great load of contaminants that reach the sewage
treatment plant (2000–4000 kg BZT5 day–1), the loading of the active sediment does not
exceed the level of 0.3 kg BZT5 kg–1 d.m. of sludge due to the high concentration of the
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active sediment, i.e. 4000–6000 mg d.m. dm3 in the biological troughs, and due to their
considerable capacity that ensures sewage retention times of ca. 3.5 days. The very high
reduction of contaminants, reaching 98% for BOD5 and 96% for COD, results in the
formation of notable amounts of excess sediment that has to be removed from the system
for the process of sewage treatment to proceed under optimum conditions. The dairy
sewage sludge did not contain pathogenic micro-organisms, helminth ova or toxic substances (PAHs, PCBs), and the content of heavy metals was considerably below the
permissible standards. Basic characteristics of the soil and the sludge used in the study
presented are given in table 1.
Table 1
Characterictics of soil and sludge used in the experiment
Parameter
pH
C (g kg–1 dwt)
N (g kg–1 dwt)
C:N
P (g kg–1 dwt)
K (g kg–1 dwt)
Heavy metals (mg kg–1 dwt)
Zn
Cd
Cu
Pb
Ni
Cr
Hg

Brown soil
6.4
13.5
1.6
8.3
18.3
26.8

Sewage sludge
7.23
803.0
58.2
13.8
40.0
4.6

28.7
0.16
7.16
10.3
10.1
18.4
0.09

194.0
–
18.7
5.3
21.7
14.1
–

The study included determination of dehydrogenase activity with the method of
THALMANN [24], in modification introduced by ALEF [25]. Protease activity was
determined according to the method of LADD and BUTLER [26], in modification
proposed by ALEF and NANNIPIERI [27], and urease activity with the method of
ZANTUA and BREMNER [28]. The intensity of ammonification and nitrification was
determined in accordance with the Polish Standard PN-ISO [29], determining the
+
–
content of NH4 ions with the use of Nessler’s reagent, and those of NO3 with the brucine method [30]; pH was determined potentiometrically. In the final stage of the experiment, chemical analyses of the soil were performed: the content of organic carbon
with the Tiurin method and the content of total nitrogen with the method of spectrophotometry.
To study the multi-year fertilising effect of the sludge and the effect of the dates of
the analyses on the values of the microbiological, biochemical and chemical features
of the soil, two-factor analyses of variance were performed (ANOVA). Mean values
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of the traits under study for the experimental treatments and the dates of analyses were
compared by means of the Tukey 95% intervals of confidence, at the significance
level α = 0.05. Statistical analyses were made using the software STATISTICA 7.1PL
(StatSoft Inc. 2006).
3. RESULTS AND DISCUSSION
Organic matter introduced into soil usually increases its enzymatic activity and
stimulates microbiological activity, among others that of dehydrogenases [31].
In the soil under study, dehydrogenase activity remained on a stable very low level in
all treatments and throughout the experiment time (test times F1, F2 and F3) (figure 1).
As follows from the data collected, significant differences in the activity of the enzyme
studied occurred only on the last date of analyses, i.e. in the full ripeness phase, which
also had an effect on mean levels of dehydrogenase activity. Statistical evaluation of the
results obtained showed that average dehydrogenase activity was the highest in the
fourth year after sludge application – treatment G4 (figure 3). Probably, the reduction in
dehydrogenase activity in the first year of sludge fertilization was due to the presence of
hard-to-decompose organic compounds, which inhibited both the microbial growth and
of the activity of the enzyme in question. As the process of degradation of those compounds progressed and simpler substances became available for micro-organisms, the
dehydrogenase activity increased, reaching the highest level in the fourth year of sludge
application. Similar results were obtained by JEZIERSKA-TYS and FRĄC [19].
The activity of enzymes that control nitrogen transformations in soil may be an indicator of biological activity of the soil environment, may be used for estimating the
effect of anthropogenic factors on changes taking place in soil, and may also provide
evidence of the intensity of nitrogen compounds transformations in the environment
and may be an index of nitrogen availability for plants [27]. In the study, among the
enzymes studied the highest sensitivity to fertilisation with dairy sewage sludge was
displayed by protease (figures 1 and 3). The dairy sewage sludge introduced into the
soil had a significant effect on proteolytic activity, both in the particular years of its
effect and in the various vegetation phases of the plants. The analysis of the mean
values of protease activity for the particular experimental treatments shows that the
dairy sewage sludge applied had a significant stimulating effect on changes in its activity. Comparing the average protease activity in the experimental treatments one can
observe that the highest activity of that enzyme was characteristic of the soil in the
first and third years of the dairy sewage sludge application (treatments G1 and G3),
and the lowest in the fourth year – treatment G4 (figure 3). A stimulating effect of
dairy sewage sludge on protease activity was also demonstrated in the studies by
JEZIERSKA-TYS and FRĄC [21]. Similar trends in the effect of dairy sewage sludge on
protease activity were observed by ZAMAN et al. [32].
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Fig. 1. Dehydrogenases, protease and urease activity of soil fertilised with dairy sewage sludge
Explanations: G0 – control soil, without sludge, G1 – soil in the first year after sludge application,
G2 – soil in the second year after sludge application, G3 – soil in the third year after sludge application,
G4 – soil in the fourth year after sludge application. Terms of analyses: F1 – stalk shooting phase,
F2 – heading phase, F3 – milk ripeness phase and F4 – full ripeness phase
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Fig. 2. Ammonification and nitrification intensity of soil fertilised with dairy sewage sludge.
Explanations: see fig. 1

Certain authors [28], [33] are of the opinion that urease activity depends on the soil
reaction and its content of organic matter, and that the enzyme plays a significant role
in soil nitrogen transformations. The available literature contains numerous studies
[13], [26], [34] on the effect of municipal sewage sludge on urolytic activity. However, there is little data [19], [21] concerning the effect of dairy sewage sludge on the
activity of the enzyme in question. Urease activity in the soil fertilised with dairy sewage sludge remained on a notably lower or similar level compared with that in the
control soil, throughout the period of the experiment (figure 1). The analysis of mean
values of urease activity for the particular experimental treatments supports its significant lowering in treatments with the sludge in relation to the values obtained for the
control (figure 3). It should emphasized that the high mean level of urease activity in
the control soil, compared with the treatments with sludge amendment, was a consequence of the high urease activity recorded in that treatment in analysis times I and
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Fig. 3. Mean dehydrogenases, protease and urease activity in particular treatments
Explanations: G0 – control soil, without sludge, G1 – soil in the first year after sludge application,
G2 – soil in the second year after sludge application, G3 – soil in the third year after sludge application,
G4 – soil in the fourth year after sludge application
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Fig. 4. Mean ammonification and nitrification intensity in particular treatments
Explanations: see fig. 3

IV (F1 and F4). The urease activity was probably caused by lowering in pH of the soil
in the treatments with the dairy sewage sludge.
The intensity of ammonification was subject to periodic oscillations in the particular experimental treatments and was characterised by a certain dynamics of
changes during experiment (figure 2). Mean values of ammonification rate for the
particular experimental treatments indicate that the sewage sludge introduced into the
soil significantly stimulated the rate of organic nitrogen mineralisation only in treatment G1, i.e. in the first year of the sludge fertilization (figure 4). It should be noted
that the high mean value of ammonification rate in the experimental treatment in
question was caused by the high rate of that process in analysis time I (F1). In the
other experimental treatments (G2 and G3), the rate of the process examined de-
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creased or slightly increased (treatment G4) compared with the values obtained in the
control soil. The recorded values of amonification rate testify to a tendency towards
mineral nitrogen immobilisation in the soil, which is usually unfavourable for crop
plants, though – on the other hand – it reduces oxidation of N-NH4 to N-NO3 in the
process of nitrification, thus limiting potential losses of nitrogen [36].
Stimulation of the rate of nitrification was recorded only in treatment G1, i.e. in
the first year of dairy sludge effect on the soil. An increase in the content of nitrates(V) was probably due to the nitrifying activity of microorganisms occurring in
the sludge introduced into the soil [20]. In the remaining treatments, the rate of the
process in question was similar to or even lower than that obtained for the control
soil. In the successive times of analyses, a rapid decrease was recorded in the rate of
that process in all experimental treatments, with a significantly higher nitrifying
activity compared with the control treatment, being observed only in analysis time
IV (F4), i.e. in the phase of full ripeness of winter wheat, in the fourth year after the
sludge application (treatment G4). The analysis of the mean values of nitrification
rate in particular experimental treatments indicates that the dairy swage sludge is
responsible for the inhibition of nitrification, with the exception of treatment G1 in
which the rate of this process was on a significantly higher level compared with the
rates obtained in the remaining experimental treatments and in the control soil (figure 4). A favourable effect of fertilising agents on nitrification activity of soils was
observed by GOSTKOWSKA et al. [33]. Those authors attributed that effect to soil
enrichment with organic substances and to increase in soil pH. Also JEZIERSKA-TYS
and FRĄC [19] mentioned a significant stimulating effect of dairy sewage sludge on
the rate of ammonification and nitrification.
The soil reaction varied, depending on the duration of the experiments with dairy
sewage sludge and on the time of analysis (table 2). Soil fertilisation with the sewage
sludge decreased significantly pH of the soil, especially in the analysis times I (F1)
and IV (F4). In the analysis time I (F1), a distinct acidifying effect of the dairy sewage
sludge was observed in the treatments G2, G3 and G4. Only in the treatment G1, i.e.
in the first year after sludge application, a soil pH recorded was higher compared with
that in the control soil. In the second analysis time (F2), a lowering in pH in relation to
the control soil was recorded only in treatment G3, i.e. in the third year of the experiment. In the remaining treatments (G1, G2 and G4), soil reaction was neutral or
slightly alkaline (pH 7.00–7.30). Comparing the changes in soil reaction in the milk
ripeness phase (F3), a considerably lower pH value can be observed in the treatments
G1 and G4, and a higher value in the treatments G2 and G3 in relation to the control.
In the final stage of the experiment (F4), acidifying effect of the waste applied became
evident in all the treatments, with the exception of G1, i.e. the first year of the sludge
effect. In that treatment (G1) a considerably higher pH value was recorded, compared
to the remaining experimental treatments. The highest pH value (7.53) was recorded at
the beginning of the experimental period, i.e. in the analysis time I (F1) (stalk shooting

M. FRĄC, S. JEZIERSKA-TYS

58

phase), in the treatment G1. Whereas, the lowest pH value (4.63) was recorded in the
same treatment in the milk ripeness phase of wheat (F3). In the field experiment, soil
reaction was subject to notable variation, which was probably also due to climatic
factors, as was found by JEZIERSKA-TYS and FRĄC [37].
Table 2
Changes of pHKCl in particular treatments during the experiment (pH)
Terms of analyses

Treatments

F1
7.00
7.53
5.74
5.84
5.15

G0
G1
G2
G3
G4

F2
6.98
7.00
7.18
5.99
7.30

F3
6.22
4.63
7.17
7.01
4.61

F4
6.62
7.24
6.15
4.96
6.02

Explanations: G0 – control soil, without sludge, G1 – soil in the first year after sludge application,
G2 – soil in the second year after sludge application, G3 – soil in the third year after sludge application,
G4 – soil in the fourth year after sludge application. Terms of analyses: F1 – stalk shooting phase,
F2 – heading phase, F3 – milk ripeness phase and F4 – full ripeness phase.
Table 3
Content of organic carbon and total nitrogen in particular treatments at the end
of the experiment (g kg–1 dwt of soil)
Properties of soil
C-organic
N-total
C:N

G0
10.55
1.62
6.51

G1
8.74
1.33
6.57

Treatments
G2
7.83
1.12
6.99

G3
7.83
1.20
6.52

G4
14.47
1.99
7.27

Explanations: see table 2.

Organic carbon content was higher in the control soil only in the treatment G4, i.e.
in the fourth year of the sludge application (table 3). This content in the treatment in
question increased by 37.1% in relation to the control soil. In the remaining treatments
with the sewage sludge, the content of organic carbon was below the values obtained
in the control. As in the case of organic matter, the level of total nitrogen in the soil
with the sludge was higher than that in the control only in treatment G4, i.e. in the
fourth year of sludge amendment. Total nitrogen content in that treatment was by
22.8% higher in comparison with that in the control. In the other treatments, the content of total nitrogen was lower in relation to the control soil. The content of organic
carbon and total nitrogen had an effect on the C:N ratio in the soil under study. In the
treatments G1, G2 and G3, the value of this ratio proved to be slightly higher than that
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in the control, and only in the treatment G4 the C:N ratio increased considerably as
a result of the dairy sewage sludge introduced into the soil.
4. CONCLUSIONS
1. The activity of the soil enzymes under study and the rate of biochemical processes associated with nitrogen transformations were generally stimulated by the dairy
sewage sludge introduced into the soil. Dehydrogenase and protease revealed the
highest activity in the fourth and in the third years, respectively, after sludge application. The dairy sewage sludge decreased urease activity.
2. Following the application of dairy sewage sludge, nitrogen can remain in soils
in small amounts for many years, and a gradual mineralisation and transformation of
mineral nitrogen forms can occur.
3. The activity of the soil enzymes under study was subject to seasonal variations
in the vegetation period of wheat.
4. The microbiological and biochemical tests applied proved to be sensitive indicators of the biological properties of soil fertilised with sludge from a dairy sewage
treatment plant.
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