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INTRODUCTION

Urban soils and green spaces, including 
lawns, are a crucial component of urban eco-
systems, contributing directly or indirectly to 
the general quality of life of city residents [Luo 
et al. 2012]. Urban soils are characterized by a 
distortion of the soil profile, increasing soil pH, 
salinity (especially street-adjacent areas), low 
water capacity and water permeability as well as 
weak biological activity and contamination with 
heavy metals [Wysocki, Stawicka 2005]. 

Sewage sludge is an increasingly  impor-
tant economic and environmental problem. 
According to Central Statistic Office [2013], 
in 2012 in Poland 533.3 thousand Mg of dry 
matter from municipal sewage sludge was pro-
duced. It is estimated that from 2018 over 700 
thousand Mg dry matter of sewage sludge will 
be produced [Bień et al. 2011]. Therefore, it is 
necesary to look for methods and ways of their 
rational use.
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ABSTRACT 
The aim of this study was to analyse the influence of municipal sewage sludge on 
selected microbiological parameters in the rhizosphere of lawn grass mixtures. Four 
experiments on the lawns along the main roads of Bialystok were founded. The factors 
in the experiment were three doses of sewage sludge (0 – control; 7.5 and 15 kg·m-2) 
and two grass mixtures (Eko and Roadside). The studied parameters were monitored 
twice during 2011 vegetation season by determining the total number of soil micro-
organisms, the total number of Gram-negative bacteria, the number of bacteria of 
Pseudomonas fluorescens species, the number of amylolytic and proteolytic bacteria. 
Sewage sludge amended to soil resulted in a change of  physical-chemical properties 
of soil. The sewage sludge application to soil influenced significantly the number of 
proteolytic and Gram-negative bacteria. 
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One way of utilization of municipal sewage 
sludge is to use it for recultivation of low qual-
ity soils and degraded areas [Sanches-Monedero 
2004]. It is justified by the fertilizer properties of 
the sewage sludge, such as high content of nitrogen, 
phosphorus, carbon, macro- and microelements, 
which are necessary to improve soil conditions e.g. 
respiration and enzymatic activity and plant growth 
[Singh, Agrawal 2008, Siuta 2003]. Therefore, a 
very promising future area of application of munic-
ipal sewage sludge is the land adjacent to roads. In 
addition, fertilizer components and organic matter 
from sludge return to the environment.

The rhizosphere zone is an area of intense 
biological activity, characterized by rich bacterial 
and fungal flora, which has a large impact on the 
uptake of nutrients by the roots [Jurkiewicz et al. 
2004]. According to Wolińska [2010], microbial 
activity plays a very important role in the life of 
plants. Plants form soil microflora and the influ-
ence microbial metabolism, constantly take place 
in the environment. 
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The aim of this work is to investigate the im-
pact of sewage sludge fertilization on the number 
of selected microbiological parameters of lawn 
grasses mixtures in the rhizosphere and linking 
these parameters with physico-chemical proper-
ties of the soil.

MATERIAL AND METHODS

Four experiments on the lawns along the main 
roads of Bialystok: Hetmanska Str., Piastowska 
Str., Popieluszki Str. and Raginisa Str. were con-
ducted. The factors of the experiment were: three 
doses of sewage sludge (0.0 – control, 7.5 and 
15.0 kg/m2) and two mixtures of lawn grasses 
(Eko and Roadside).

Stabilized municipal sewage sludge from the 
Municipal Wastewater Treatment Plant in Sokol-
ka was used. In autumn 2010 the test areas were 
fertilized with municipal sludge with two doses: 
7.5 kg×m-2 (14.5 t/ha of dry matter) and 15.0 
kg×m-2 and control plots (without sewage sludge) 
were founded. The doses of sewage sludge were 
established according to Kiryluk [2002], who 
found in several years study that the most effec-
tive doses for turfing of municipal waste disposal 
areas were those above 40 t/ha. 

Before the establishment of the experiment 
both sewage sludge and soil from each combina-
tion were analyzed according to the Regulation of 
Ministry of Environment of July 13th, 2010 con-
cerning municipal sewage sludge (Table 1 and 
2). The obtained values of the studied parameters 
were compared with the values of the Regulation 
concerning non-agricultural land recultivation 
[Directive of… 2010].

In spring 2011, on the prepared plots two 
mixtures of lawn grasses were seeded, Eko from 
Nieznanice Plant Breeding Station which includ-
ed 30% of Lolium perenne cv. Niga, 15% of Poa 

pratensis cv. Amason, 22.6% of Festuca rubra cv. 
Adio and 32.4% of Festuca rubra cv. Nimba, and 
grass mixture Roadside from Barenbrug which 
included 32% of Lolium perenne cv. Barmedia, 
5% of Poa pratensis cv. Baron, 52% of Festuca 
rubra rubra cv. Barustic, 5% of Festuca rubra 
commutata cv. Bardiva (BE) and 6% of Festuca 
rubra commutata cv. Bardiva (NL).

Microbiological analyses

Rhizosphere soil samples for microbiologi-
cal analyses were collected two times, in July and 
October 2011. A fresh sample of 5 g of grass mix-
ture roots with the soil was suspended in 45 ml 
of sterile saline solution and shaken for 10 min 
and then subjected to dispersion. Subsequently, 
another ten-fold dilutions (10-1–10-6) and then the 
soil samples were inoculated on the surface of Pe-
tri dishes in triplicate on:
 • 10% TSA (Tryptic Soy Agar) medium for de-

termining the total number of bacteria [Galim-
ska-Stypa et al. 1999];

 • 10% TSA medium with crystal violet to de-
termine the number of Gram-negative bacteria 
[Galimska-Stypa et al. 1999];

 • King B medium with peptone for determining 
the number of bacteria of the species Pseu-
domonas fluorescent [Galimska-Stypa et al. 
1999].

 • Frazier medium for determining the number of 
proteolytic bacteria [Rodina 1968];

 • Starch agar to determine the number of amylo-
lytic bacteria [Rodina 1968].

The mean number of colonie was expressed 
as CFU·g-1 d.m. soil.

Physico-chemical analysis

pH in soil samples taken from a depth of 
0–20 cm was determined by the potentiometric 

Table 1. Selected physic-chemical properties of soils in research plots at Popieluszki, Hetmanska, Piastowska 
and Raginisa Streets, taken before the foundation of experience in autumn 2010 (the analyses were done by the 
Regional Chemical and Agricultural Station in Białystok)

Soil samples pH
P2O5

[mg /100g 
d.m.]

Heavy metals content in mg/kg of DM of soil

Cd Cu Ni Pb Zn Hg Cr

Popiełuszki Street 7.6 22.0 1.7 17.9 5.9 26.5 82.4 0.14 13.1

Hetmanska Street 7.9 7.3 <0.5 9.5 4.5 12.4 40.9 0.06 10.9

Piastowska Street 7.7 18.4 <0.5 16.8 10.8 23.9 195 0.02 13.6

Raginisa Street 7.4 10.0 <0.5 8.8 4.6 12.1 36.6 0.05 8.3
Limited concentration for land reclamation for 
non-agricultural [Directive of …2010] 3 50 30 50 150 1 100
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Table 2. Characteristics of municipal sewage sludge from sewage treatment plants in Sokolka used in experiments 
(the analyses were done by the Regional Chemical and Agricultural Station in Białystok)

The indicators determined in sludge

pH 6.7 ammonium nitrogen (% DM) 0.1

Dry matter (%) 19.3 calcium (% DM) 5.5

Total nitrogen (% DM) 4.0 magnesium  (% DM) 0.7

Heavy metals content in mg/kg of DM of sewage sludge

Cd Cu Ni Pb Zn Hg Cr

Metal content in sludge <0.5 194 22,0 23.5 1459 1.0 58
Limit value in the application of sludge to land reclamation 
for non-agricultural purposes [Directive of …2010] 25 1200 400 1000 3500 20 1000

Viable helminth ova of Ascaris sp., Trichris sp., Toxocara sp. not detected

Bacteria of the genus Salmonella in 100 g of sludge not detected

method in distilled water. The total nitrogen was 
measured with the Kjeldahl method based on 
wet oxidation of organic matter using H2SO4 and 
conversion of organic nitrogen to the ammonium 
form. The available phosphorus (expressed as 
P2O5) was determinated by Egner-Riehm method 
in 0.04 solution of calcium lactate. Nitrogen and 
phosphorus were determined by UV-vis spectro-
photometry. The organic carbon was measured 
by Tiurin method which is based on the oxida-
tion of organic carbon by potassium dichromate 
in an acid medium and measurement of the ex-
cess dichromate using Mohr’s salt [Ostrowska et 
al. 1991].

Statistical analysis

To test for the effects of the experimental fac-
tors (dose of sewage sludge, sampling time, grass 
mixture) in the variables analyzed, the tree-way 
analysis of variance ANOVA with interaction term 
was performed. In the case of significant F-tests, 
differences between group means were assessed 
by the Tukey post hoc test at significance level at 
p < 0.05. The correlation between characteristics 
was calculated using Spearman’s rank correlation 
(for n<50) with the level of significance estab-
lished at p < 0.05 by using Statistica 10.0.

RESULT AND DISCUSSION

The pH values for all samples tested ranged 
from 7.2 to 8.0, which means that at each point 
alkalinity of the soil occurred (Table 3). 

The soil fertilization of sewage sludge caused 
an increase the content of organic carbon, total 
nitrogen and available phosphorus in urban soils 
(Table 3). The average content of organic carbon 

was smallest in soil without application of sew-
age sludge with Eko grass mixture (1.3% d.m.) 
and largest in the soil samples with double dose 
of sewage sludge and Eko grass mixture (2.2% 
d.m.). The average total content of total nitrogen 
ranged from 0.30% d.m. for the control plots with 
Eko grass mixture to 0.42% d.m. for the double 
dose of biosolids and Eko grass mixture. The av-
erage smallest content of available phosphorus 
was observed for soil samples for control plots 
with Eko mixture (13.3 mg/100 g d.m.) and larg-
est for soil with sludge dose 15.0 kg/m2 and Road-
side grass mixture (36.5 mg/100 g d.m.).

The results of this study have shown that the 
fertilization with sewage sludge evoked changes 
in rhizosphere of microbiological activity of grass 
mixture (Figure 1). 

The experimental factors did not have a sig-
nificant effect on this parameter (Figure 1). The 
average total number of bacteria was the smallest 
in the soil without application of sewage sludge 
(13.0 CFU×107 g-1 DM of soil) with the mixture 
Eko in samples taken in July, while the largest 
average total number of bacteria was observed 
in the samples collected in October with the Eko 
mixture and the highest dose of biosolids (15 
kg/m2) (41.2 CFU×107 g-1 DM of soil). Gener-
ally, with increasing doses of sludge an increase 
in the total number of microorganisms was ob-
served. However, soil samples taken in October 
where Roadside mixture was grown showed an 
increased number of microorganisms at a dose of 
7.5 kg/m2 (Figure 1).

Studies on the impact of different doses of 
sewage sludge on the number of Gram-negative 
bacteria revealed an increase in the number of 
these microorganisms in rhizosphere with an in-
crease in the biosolids dose (Figure 1). The av-
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Table 3. Selected physico-chemical parameters of soil after application different doses of sewage sludge (0, 7.5, 15 
kg/m2) and two lawn grass mixtures (Eko and Roadside) measured in October 2011 (average±standard deviation)

Sewage sludge 
dose [kg/m²]

pHH2O Corg [% d.m.] N [% d.m.] P2O5
[mg/100 g]

eko roadside eko roadside eko roadside eko roadside

0.0 (n=8) 7.7±0.2 7.6±0.0 1.3±0.2 1.4±0.7 0.30±0.02 0.33±0.06 13.3±6.7 13.3±8.3

7.5 (n=8) 7.6±0.2 7.5±0.1 1.8±0.5 1.8±0.3 0.31±0.06 0.33±0.05 25.1±13.0 23.3±11.2

15.0 (n=8) 7,4±0.1 7.4±0.1 2.2±0.8 2.0±0.3 0.42±0.14 0.36±0.06 32.6±10.6 36.5±9.8

MIN (n=24) 7.3 7.2 0.6 0.5 0.23 0.28 4.9 4.3

MAX (n=24) 8.0 7.7 3.3 2.5 0.58 0.42 45.1 47.1

Figure 1. The number of selected bacteria in grass mixtures rhizosphere in samples collected in July and October 
2011 after application of different doses of sewage sludge (0, 7.5, 15 kg/m2) and two lawn grass mixtures 
(Eko and Roadside) (A: mixture of grass, B: sampling time, C: dose of sewage sludge, ns – not significant 

differences, ** significant differences for p<0,01; * for p<0,05)
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erage largest number of this microbial parameter 
was found in samples where Roadside grass mix-
ture was grown. The average number of Gram-
negative bacteria was largest in the soil samples 
collected in July with the dose of 15.0 kg/m2 and 
Roadside mixture (33.7 CFU×106 g-1 DM of soil), 
while the lowest results were obtained for the 
samples taken in July on the control plots with 
Eko mixture (6.9 CFU×106 g-1 d.m. of soil).

The genus Pseudomonas is an important 
component of the rhizosphere, which developed 
mechanisms that restrict pathogenic effect of fun-
gi and bacteria. Species from genus of Pseudo-
monas are know as Plant Growth Promoting Rhi-
zobacteria (PGPR). In addition to the protective 
function, Pseudomonas can also enrich soil with 
nutrients, plant hormones and vitamins synthe-
sized and enhance their bioavailability for plants 
[Jankiewicz 2010].

We found that the number of P. fluorescens in 
soil varied (Figure 1). The experimental factors 
did not influence the studied parameter. The larg-
est average number of P. fluorescens (6.4 CFU×106 
g-1 d.m. of soil) was observed in the samples taken 
in October on plots with double dose of sewage 
sludge and Roadside grass mixture. The smallest 
number of these microorganisms were obtained in 
October for the control plots with Eko grass mix-
ture (0.9 CFU×106 g-1 d.m. of soil). 

Joniec et al. [2012], suggest that sewage 
sludge represents a rich source of proteins. The 
obtained results for the number of proteolytic 
bacteria in grass mixtures rhizosphere shows sig-
nificant effect of the sewage sludge dose on this 
parameter (Figure 1). The average largest number 
of proteolytic bacteria was obtained in October 
on the plots with 7.5 kg/m2 biosolids with Eko 
mixture, while the smallest were in July on the 
plots with 7.5 kg/m2 with Roadside mixture (2.5 
CFU×106 g-1 d.m. of soil). 

The research study of Joniec and Furczak 
[2007], presented positive effects of sewage 

sludge on the number of proteolytic bacteria in 
the second year of the study. Smaller number of 
proteolytic bacteria in the soil amended with sew-
age sludge in the first research time was probably 
caused by the fact that bacteria brought with bio-
solids into the soil did not find suitable growth 
conditions in the soil and gradually decayed 
[Joniec et al. 2012].

The results obtained for the number of amy-
lolytic bacteria show that the sewage sludge dose 
did not influence this microbial parameter (Figure 
1). The largest number of amylolytic microbes 
was observed in July for the plots with double 
dose of sludge with Roadside grass mixture (11.6 
CFU×106 g-1 d.m. of soil), while the lowest re-
sults were obtained in October for the plots with a 
single dose of sludge and Eko grass mixture (1.9 
CFU×106 g-1 d.m. of soil). 

Literature reports that climatic conditions, 
such as precipitation and temperature, can affect 
the microbial activity of soil. The amount of soil 
microorganisms may also have seasonal changes 
in vegetation period. Increased microbial growth 
occurs in spring when temperatures rise and in 
autumn after delivery of soil organic matter in a 
form of plant residues, which are food for micro-
organisms. 

Rousk et al. [2009] and Su et al. [2004], sug-
gest that soil pH is a very important parameter 
which directly determines the possibility of the 
development of microorganisms, plant growth, 
bioavailability of nutrients and heavy metals, the 
biological processes and creating other forms of 
acidity. 

The correlation analysis showed a significant 
relationships between pH and the total number of 
bacteria and the number of Gram-negative bac-
teria in samples of soil (Table 4). It was found 
that the increase pH in soil caused decrease the 
number of these bacteria.

The preferred conditions for proliferation of 
bacteria in the soil could be close to neutral pH, 

Table 4. The correlation coefficients between selected physic-chemical properties of soil and microbiological 
parameters (n=48)

The physic-chemical 
properties of soil

The total number of 
bacteria

The number of 
Gram-negative 

bacteria

The number of 
P. fluorescens

The number of 
proteolytic bacteria

The number of 
amylolytic bacteria

pHH2O -0.31* -0.33* -0.14 0.10 -0.08

Corg 0.09 0.18 -0.18 -0.12 0.01

Total N -0.27 0.11 -0.08 -0.08 0.08

Available P 0.18 0.18 0.28 -0.03 0.28

* significant correlation coefficients for p<0.05.
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providing large amounts of organic matter and 
minerals as well as small amounts of heavy met-
als, which do not affect the growth and develop-
ment of bacteria. Biological properties have been 
suggested as indicators of the response of soil to 
a specific contaminants [Jorge-Mardomingo et al. 
2013]. Ros et al. [2003] suggest that the micro-
bial parameters are sensitive indicators of stress 
suffered by soil and its recovery after application 
on not composed sewage sludge, since microbial 
activity has a direct influence on the stability and 
fertility of ecosystem. 

CONCLUSIONS

1. Application of sewage sludge to the soil 
caused changes in physic-chemical properties 
of urban soils. The content of organic carbon, 
available phosphorus and total nitrogen in the 
soils increased with the dose of sludge, but 
there was no significant correlation between 
the number of different groups of microorgan-
isms in the rhizosphere zone.

2. The changes in the levels of the number of 
proteolytic and Gram-negative microorgan-
isms in the rhizosphere depended on the dose 
of sludge and mixtures of grasses.

3. With increasing pH a decrease in of the total 
number of bacteria and the number of Gram-
negative bacteria was observed.
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