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Microbiological indices of soil quality fertilized with dairy sewage sludge
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Abstract. The study was performed on a pot experiment in
which a grey-brown podzolic soil was amended with two different
doses of dairy sewage sludge (30 and 75 t ha™") — 1 and 2.5% of
DSS. During periode of incubation in different terms of analyses
(7, 14, 30, 60, 90 and 120 days after the incorporation of dairy
sewage sludge) the following analyses were done: so-called total
number of bacteria, so-called total number of filamentous fungi,
number of cellulolytic bacteria, respiration activity and dehydro-
genase activity. Dairy sewage sludge applied to the soil caused
stimulation of the total number of bacteria, fungi and cellulolytic
bacteria and respiration activity and inhibition of dehydrogenase
activity in a grey-brown podzolic soil.
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INTRODUCTION

One of the methods of utilization of sewage sludge is its
application in agriculture (Fernandez et al., 2007; Siuta,
2002). The most favourable — in terms of fertilization of crop
plants —are sludges of food industry sewage, including dairy
sewage sludge (Siuta, 2001), as sludge formed in the process
of dairy sewage treatment is rich in nutrients for plants and is
characterised by high levels of organic matter (Cie¢ko et al.,
2001; Magrel, 2003). Organic and mineral compounds in-
troduced in soil with sewage sludge have a significant effect
on microbial populations and their biochemical activity
(Sullivan et al., 2005). The objective of this study was to
acquire knowledge on the effect of dairy sewage sludge on
the total number of bacteria and fungi, cellulolytic bacteria,
and on the respiratory and dehydrogenase activity in a grey-
brown podzolic soil.
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MATERIAL AND METHODS

For the purposes of the study, a pot experiment was
established, with dairy sewage sludge on grey-brown pod-
zolic soil. The soil had the following composition: sand
fraction 65%, silt fraction 19%, fine silt and clay fraction
16%. The soil had acid reaction (pH 4.8) and contained 0.4 g
kg'1 N,45¢g kg'1 C,53¢g kg'1 Pand8.7¢g kg'1 K. The dairy
sewage sludge was introduced into soil at the following
doses: 30 and 75 t ha™! (1 and 2.5% of DSS), mixed and
watered to 60% of the total water capacity. Each pot con-
tained 4 kg of soil. The experiment was carried out in three
replications. The soil samples were incubated at 20°C
through 4 months. The soil was collected from pots and
analysed after 7 (1), 14 (IT), 30 (II), 60 (IV), 90 (V) and 120
(VD) days of incubation. The following parameters were
determined in the soil: so-called total number of bacteria on
a medium with soil extract and K,HPOy4, so-called total
number of filamentous fungi on medium of Martin (1950),
number of cellulolytic bacteria on liquid medium with cellu-
lose (Rodina, 1968), respiration activity with the method of
Riihling and Tyler (1973), dehydrogenase activity with the
method according to Thalmann (1968).

The results obtained were processed statistically with
the method analysis of variance. Significance of differences
was determined using the Tukey test, at p = 0.05.

RESULTS

Figure la presents the seasonal so-called total number
of bacteria in the grey-brown podzolic soil amended with 30
and 75 t of dairy sewage sludge. Introduction of the sludge to
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the soil at the dose of 30 t caused insignificant seasonal
changes in the total number of bacteria compared to the
control treatment, while at the dose of 75 t the sewage sludge
caused a significant increase in the population of the studied
microbial group, as illustrated in Fig. 1a.

The numbers of fungi in soil with sewage sludge doses
applied in the experiment are presented in Fig. 1b. Analy-
sing the seasonal numbers of those micro-organisms
presented in Fig. 1b one may note distinct stimulation of the
studied microbial group by the sludge dose of 75 t compared
to the results obtained in the control treatment and in the
treatment with the lower dose of the sludge. This is also
supported by the mean values for the particular experimental
treatments, given in Fig. 1b.

Figure 1c illustrates the seasonal numbers of cellulo-
lytic bacteria in the particular experimental treatments. Note-
worthy is the high number of the studied bacteria on analysis
dates II and IV, especially in the treatment with the higher
dose of the sludge. During the whole period of the study the
numbers of cellulolytic bacteria were stimulated by both
sludge doses applied in the experiment. Also notable is the
decrease in the numbers of cellulolytic bacteria on analysis
dates V and VI. The mean values for the particular experi-
mental treatments, presented in Fig. 1c, confirm the signifi-
cant stimulation of the population of the microbial group
under study by the sludge doses applied.

Mean values of respiratory activity in the experimental
treatments for the individual dates of analyses are illustrated
in Fig. 2a. Dairy sewage sludge, at doses of both 30 and 75 ¢,
caused an increase in microbiological activity of the soil as
measured by the amount of emitted CO,, on analysis dates I,
II and III, above the level recorded in the control treatment.
On analysis dates IV and V, in the treatments with the
sludge, lower respiratory activity was recorded compared to
the treatment without the sludge. In the final stage of the
experiment, in the soil with dairy sewage sludge dose 0f30t,
an increase was observed in respiratory activity to a level
above that in the control treatment.

Dairy sewage sludge, applied at the doses of 30 and 75 t,
caused a notable decrease in the dehydrogenase activity of
the grey-brown podzolic soil on the initial three dates of
analysis (with exception of higher dose of sludge). On later
dates of analysis the activity was on the level of values
obtained in the control treatment, but also lower. Seasonal
trends in the effect of the sludge affected the mean values of
dehydrogenase activity in the individual experimental
treatments, as illustrated in Fig. 2b.

DISCUSSION

Sewage sludge, and especially sludge originating from
dairy sewage treatment plants, due to its high content of
organic matter and biogens may be conducive to changes
in microbial populations and their biochemical activity
(Jezierska-Tys and Frac, 2005). In the soil environment
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there occur various microbial groups which, with the help of
enzymes, catalyse transformations of organic and mineral
compounds introduced into the soil. According to some
authors (Alkorta et al., 2003; Janvier et al., 2007; Nannipieri
et al., 2003), soil is a highly complex biological system
which is subject to dynamic changes under the effect of
biotic and abiotic factors. The use of microbiological and
biochemical properties of soil for the estimation of changes
taking place in soil environment as a result of eg application
of'sewage sludge is fully justified. The microbiological indi-
ces providing information on changes in the soil environ-
ment as aresult of application of anthropogenic factors, such
as eg sewage sludge, include the size of populations of
particular microbial groups, including the total numbers of
bacteria, fungi, or micro-organisms with specific nutritional
requirements ie cellulolytic bacteria. A study conducted by
these authors showed that dairy sewage sludge applied at the
doses of 30 and 75 t had a stimulating effect on the microbial
groups under study ie on the total number of bacteria, fungi,
and bacteria mineralising cellulose. The effect of dairy se-
wage sludge on the microbial groups under study depended
on the applied dose of that organic waste. As fungi and cellu-
lolytic bacteria require greater amounts of organic carbon
for their growth (Paul and Clark, 2000), the treatment with
the higher dose of the sludge, 75 tha™ , was characterised by
their notably greater numbers. A similar effect of sewage
sludge on bacterial and fungal populations was observed by
Lima et al. (1996). Also the present authors, in an earlier
study, found a favourable effect of dairy sewage sludge on
the total numbers of bacteria, fungi, and cellulolytic bacte-
ria, in laboratory and field experiments alike (Jezierska-Tys
and Frac, 2005, 2007; Jezierska-Tys et al., 2005).

Organic mater introduced into the soil with sewage
sludge may cause changes not only in microbial popula-
tions, but also in their enzymatic activity and rate of respi-
ration. Studies by certain authors (Lai et al., 1999; Saviozzi
et al., 2002) indicate that dehydrogenase activity may be
used as an index of changes in the biological activity of soil
environment under the effect of organic fertilization. The re-
sults obtained in our study showed that the applied doses of
dairy sewage sludge caused a reduction in dehydrogenase
activity of grey-brown podzolic soil. This was probably re-
lated with rapid depletion of respiratory substrates by soil
microorganisms, as evidenced by the results obtained in the
treatment with the higher dose of the sludge. In that expe-
rimental treatment dehydrogenase activity was on a signifi-
cantly higher level compared to the treatment with the lower
dose of the sludge. This is also supported by results obtained
by the authors mentioned above (Saviozzi ef al., 1999).

According to certain authors (Fernandes et al., 2005;
Garcia-Gil ef al., 2002), measurement of the rate of respira-
tion is also one of the methods for determination of soil
microbial activity. The respiratory activity of soil depends,
among other things, on the availability of organic matter and
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Fig. 1. Changes of total number of : a — bacteria, b — fungi, and ¢ — cellulytic bacteria; in grey-brown podzolic soil amended with dairy
sewage sludge under aerobic incubation. Vertical bars indicate the standard error of the averages. SO — control soil, S —soil, DSS — dairy

sewage sludge.
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Fig. 2. Changes of: a — respiration, b — dehydrogenase activities in grey-brown podzolic soil amended with dairy sewage sludge under

aerobic incubation. Explanations as on Fig. 1.

on the size of microbial populations. This suggestion is
supported by the results of our study. Both doses of the
sludge, 30 and 75 t, caused an increase in the populations of
the microbial groups under study and in the level of
respiratory activity. Notably higher respiratory activity was
characteristic of the treatment with the higher dose of dairy
sewage sludge.

CONCLUSIONS

1. Dairy sewage sludge at doses of 30 and 75 t ha™!
caused stimulation of the total number of bacteria, fungi and
cellulolytic bacteria in a grey-brown podzolic soil.

2. The applied doses of the sludge had an inhibiting
effect on dehydrogenase activity in the studied soil.

3. A stimulating effect of dairy sewage sludge on the
respiratory activity of the soil was observed.
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