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CHANGES IN MICROBIOLOGICAL ACTIVITY
OF SOILS FERTILISED WITH VARIED DOSES OF SLUDGE

FROM A DAIRY SEWAGE TREATMENT PLANT

ZMIANY AKTYWNOŒCI MIKROBIOLOGICZNEJ
GLEB NAWO¯ONYCH ZRÓ¯NICOWANYMI DAWKAMI OSADU

Z OCZYSZCZALNI ŒCIEKÓW MLECZARSKICH

Abstract: The influence of dairy sewage sludge on some microbiological characteristics was studied. The

experiment was carried out in laboratory conditions. Microbiological analyses were following: respiration

activity and numbers of some groups of microorganisms. Different doses of dairy sewage sludge were applied

into brown and grey-brown podzolic soils. The effect of the sludge on the microbial groups under study

depended on the dose of the sludge, on the type of soil, and on the kind of microbiological parameter.
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Soil is a medium in which numerous and diverse biological, chemical and physical

processes take place, the run of which is affected by anthropogenic factors [1].

Microorganisms inhabiting the soil environment play a crucial role in the decomposition

of soil organic matter (SOM) and in the circulation of elements, therefore the

microbiological activity is used for the estimation of the ecological condition of soils [2,

3]. Microorganisms are involved in the main processes taking place in soil, ie

humification, recycling or mineralisation of organic wastes, making the biogens

contained in them available to plants [4–7]. The presence of certain microbial groups

with known ecological requirements, eg nitrifying or cellulolytic bacteria, is considered

to constitute microbiological indicators [8, 9]. Biodiversity of microorganisms in soil is

important for maintaining health of the environment and for improvement of yields of

crop plants [10, 11].
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In recent years a notable increase has been observed in the agricultural utilisation of

sewage sludge, including sludge originating from the agricultural-food industry.

Therefore, monitoring of changes in the microbiological activity of soils fertilised with

such wastes appears to be important, considering the quality and health status of soils as

well as the economic aspects.

Material and methods

The pot experiment was set up on two different types of soil (brown and grey-brown

podzolic). The brown soil, developed from a silty clay formation, was characterised by

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 fine particles (< 0.02 mm). The grey-brown

podzolic soil, developed from strongly loamy sand, had the following grain size

composition: 65 % of sand fraction (1–0.1 mm), 19 % of silt fraction (0.1–0.02 mm)

and 16 % of fine particles (< 0.02 mm). The basic characteristics of the soils and dairy

sewage sludge used in the experiments are given in Table 1. Each pot contained 4 kg of

brown or grey-brown podzolic soil mixed with appropriate dose of dairy sewage sludge.

The experiment comprised the following treatments 1 kg of soil: 1 – control soil,

without fertilisation; 2 – 10 g of dairy sewage sludge; 3 – 20 g of dairy sewage sludge; 4

– 26.7 g of dairy sewage sludge; 5 – 40 g of dairy sewage sludge; 6 – 66.7 g of dairy

sewage sludge; 7 – 100 g kg–1 of dairy sewage sludge and 8 – 200 g of dairy sewage

sludge.

Table 1

Characteristics of soils and dairy sewage sludge

Measurements Unit Brown soil
Grey-brown

podzolic soil

Dairy

sewage sludge

pH [-] 6.4 4.8 8.5

C
[g kg–1 d.m.]

13.5 4.5 400

N 1.6 0.4 33.2

C/N [-] 8.3 12.5 12.0

P
[g kg–1 d.m.]

18.3 5.3 11.5

K 26.8 8.7 2.5

The soil was watered to 60 % of the maximum water capacity. Incubation was

conducted at room temperature, for 8 months, under conditions of controlled moisture.

Microbiological and biochemical analyses were made after 14, 30, 60, 90, 120 and 240

days of the experiment. Microbiological analyses of the soil material included the

following determinations: respiration activity, with the method of Rühling and Tyler

[12], so-called total number of bacteria with low nutritional requirements (oligotrophic

bacteria), on substrate with soil extract and K2HPO4 [13], so-called total number of

filamenous fungi, on Martin substrate [14], number of cellulolytic bacteria, on liquid

substrate [13], number of “proteolytic” bacteria and fungi, on Frazier substrate with

gelatine [13], number of ammonising bacteria, on liquid substrate with peptone [13],

number of nitrifying bacteria, on liquid mineral substrate [13].
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To determine the effect of the experimental treatments, duration of the experiment,

and types of soils used in the pot experiment on the values of the microbiological

features under study, three-factor analyses of variance were performed. Mean values of

the studied features for the treatments, times of incubation and soil types were

compared using Tukey 95 % intervals of confidence at the level of significance

= 0.05. Statistical processing of the results was performed by means of the Statistica

7.1 software. No analysis of variance was performed for the umbers of cellulolytic,

ammonising and nitrifying bacteria, as calculation of the numbers of those microbial

groups was made with the use of McCrady’s Tables based on the principles of

mathematical statistics.

Results

The total periodic respiratory activity in the studied soils, measured by the amount of

emitted carbon dioxide, is illustrated in Fig. 1. The performed analysis of variance

showed that the application of varied doses of dairy sewage sludge in the experiment

had a significant effect on the average level of carbon dioxide emission from both soils;

an increase in CO2 emission was noted with increasing doses of sludge introduced in the

soil. A significant decrease was observed in carbon dioxide emission from both soils

with the duration of the experiment. Statistical analysis did not reveal any significant

differences in carbon dioxide emission between the two soils under study.

The study showed notable periodic variation in the number of oligotrophic bacteria

(Fig. 1). Analysis of variance revealed growth of the studied microorganisms that

intensified with increase in the doses of sludge introduced in the soil. The number of

bacteria decreased significantly with the time of the experiment. Greater numbers of the

studied microbial groups were characteristic of the brown soil.

The periodic numbers of fungi in the brown and grey-brown podzolic soils with

different doses of dairy sewage sludge are presented in Fig. 2. Analysis of variance

showed that the highest numbers of the studied fungi were characteristic of treatments

3, 4 and 5, ie those with sludge doses of 20, 26.7 and 40 g kg–1 of soil, respectively. As

in the case of bacteria, a significant decrease in the numbers of fungi was observed with

the duration of the experiment. A higher number of fungi was found in the grey-brown

podzolic soil compared with the brown soil.

As a result of the performed analyses it was found that the applied doses of dairy

sewage sludge had differing effect on the numbers of cellulolytic bacteria, depending on

the type of soil and on the period of the experiment (Fig. 2). All the doses of the sludge,

with the exception of the highest (100 and 200 g kg–1), caused stimulation of the

growth of the microbial group under study.

The number of bacteria mineralising cellulose under aerobic conditions decreased

during the period of the experiment. In the grey-brown podzolic soil a greater number of

those bacteria was observed than in the brown soil.

The results presented in Fig. 3 indicate that the applied doses of the sludge had a

significant effect on the numbers of proteolytic bacteria in both studied soils. As in the

case of the total number of bacteria, the number of proteolytic bacteria increased
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significantly with increasing doses of sludge introduced in the soil. Beginning from the

30th day of incubation there occurred a rapid decrease in the numbers of the studied

microorganisms, attaining the minimum level on 90ties day of the experiment, after

which the numbers of that group of bacteria increased again.

Significantly higher numbers of proteolytic bacteria were found in the grey-brown

podzolic soil than of the brown soil. The numbers of fungi with proteolytic capabilities
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Fig. 1. Respiration activity and numbers of bacteria depending on dairy sewage sludge addition

Explanations: Treatments per 1 kg of soil: 1 – control soil, without fertilisation; 2 – 10 g of dairy

sewage sludge; 3 – 20 g of dairy sewage sludge; 4 – 26.7 g of dairy sewage sludge; 5 – 40 g of dairy

sewage sludge; 6 – 66.7 g of dairy sewage sludge; 7 – 100 g kg–1 of dairy sewage sludge; 8 – 200 g

of dairy sewage sludge



in the soils amended with varied doses of dairy sewage sludge were subjected to

periodic variation (Fig. 3). All of the applied sludge doses caused stimulation of the

growth of the studied group of fungi and the highest numbers being characteristic of

treatments with the highest dose of the sludge, ie 200 g kg–1. A significantly greater

number of proteolytic fungi was found in the grey-brown podzolic soil compared with

the brown soil.

Periodic changes in the numbers of ammonising bacteria in the individual ex-

perimental treatments for both soils studied are presented in Fig. 4. The results of the
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Fig. 2. Numbers of fungi and celulolytic bacteria depending on dairy sewage sludge addition

Explanations: See Fig. 1



analyses indicate that the growth of that microbial group was related to the applied dose

of the sludge and increased with increasing amounts of sludge introduced into the soil.

The numbers of ammonisers, as those of most of the studied microbial groups,

tended to decrease with the progressing duration of the experiment. A higher mean

number of ammonising bacteria was observed in the grey-brown podzolic soil than in

the brown soil. Notable periodic variation was observed in the numbers of nitrifying

bacteria, as presented in Fig. 4. Analysis of results revealed an increase in the numbers

of those bacteria with increasing doses of the sludge introduced in the soil, the highest
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Fig. 3. Numbers of proteolytic bacteria and fungi depending on dairy sewage sludge addition

Explanations: See Fig. 1



number of nitrifying bacteria being characteristic of the treatments with the highest dose

of the sludge, ie 200 g kg–1. A higher number of nitrifying bacteria was found in the

brown soil.

Discussion

The numbers of the particular physiological groups are employed as a micro-

biological parameter permitting the estimation of the quantitative composition of
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Fig. 4. Numbers of amonifying bacteria and nitryfying bacteria depending on dairy sewage sludge addition

Explanations: See Fig. 1



microorganisms participating in the decomposition of specific organic compounds [15].

For this reason determination of the number of various microbial groups is frequently

used for the determination of the biological condition of the soil environment, especially

in soils subjected to the effect of anthropogenic factors [16–19].

The study reported herein showed that the numbers of microorganisms in the studied

soils were significantly dependent on the experimental factors applied, ie the fertiliser

introduced in the soil, time of its action, as well as the type of soil. The results of the

study showed a stimulating effect of the dairy sewage sludge with relation to the studied

microbial groups. The effect is probably related with the introduction of organic matter

and mineral components into the soil, those being nutritional substrates for the

particular groups of soil microorganisms. Stimulation of microbial growth in soils

fertilised with sewage sludge was also observed by other authors [16, 19–21]. This

study showed that the number of bacteria and fungi increased significantly with

increasing doses of the sludge introduced in the soil, which should be attributed to the

accumulation of nutrients introduced into the soil with the higher doses of the waste.

Lima et al [22] also observed stimulation of the growth of bacteria and fungi under the

effect of fertilisation with municipal sewage sludge, which was intensified with

increasing doses of sludge introduced in the soil. Stimulation of the growth of fungi

should be attributed to increase in the content of organic carbon after the introduction of

the sludge, and to low pH value of the grey-brown podzolic soil. Hence in this study

greater number of fungi was characteristic of the grey-brown podzolic soil amended

with the sludge than the brown soil. Bacterial growth became more noticeable in the

brown soil, with reaction close to the neutral, as those microorganisms prefer such

environments. The significantly higher numbers of bacteria and fungi at the initial stage

of the experiment could have been related with the growth of microbial groups

mineralising easily available organic mater. In the study the so-called total number of

bacteria, and the number of “proteolytic”, ammonising and nitrifying bacteria and fungi

were the highest in the treatments with the sludge dose of 200 g kg–1. A positive effect

of fertilisation with dairy sewage sludge on the numbers of soil bacteria and fungi was

also demonstrated in an earlier study by Jezierska-Tys and Fr¹c [23]. Culturing of both

microbial groups under study usually involved an increase in the respiratory activity

which, according to some authors [3, 15, 24], is a measure of the overall micro-

biological activity of soils. The study showed also stimulation of the growth of

cellulolytic bacteria in soils fertilised with dairy sewage sludge. Particularly intensive

growth of that microbial group was observed in the grey-brown podzolic soil. A study

by Furczak and Joniec [25] also showed an increase in the number of cellulolytic

bacteria in a soil fertilised with municipal sewage sludge.

Introducing into soil dairy sewage sludge which is a source of various nitrogen

complexes, beginning with organic nitrogen compounds through a series of mineral

forms [8], had a significant effect on the population size of microorganisms involved in

nitrogen transformations in the soil. The study reported herein demonstrated a stimulat-

ing effect of the sludge on the growth of “proteolytic” bacteria and fungi. That effect

was caused by organic compounds introduced in the soil with the sludge, those

compounds being a substrate for those microbial groups. Another factor conducive to
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the growth of proteolytic bacteria in particular could have been increase in the soil

reaction. Noteworthy is the fact that the numbers of the microorganisms under study

increased in the soil together with increasing doses of the sludge applied. Determina-

tions of the numbers of proteolytic bacteria and fungi show that their growth was related

both to the dose of the diary sewage sludge and to the soil type. Greater numbers of

proteolytic bacteria were observed in the brown soil compared with the grey-brown

podzolic soil, while in the case of fungi with the capability of decomposing organic

nitrogen complexes an inverse tendency was noted. The population sizes of the studied

microbial groups increased with increasing doses of the sludge introduced in the soil,

the effect – in the case of bacteria – being more pronounced in the brown soil, and in the

case of fungi – in the grey-brown podzolic soil. This phenomenon may be attributed to

the introduction in the soil of a substrate necessary for the growth of those

microorganisms, in the form of organic nitrogen compounds present in the dairy sewage

sludge. As reported by Fidecki [26], nitrogen occurs in such wastes mainly in the

organic form, and its mineralisation takes place with participation of proteolytic

microorganisms. A stimulating effect of municipal sewage sludge on the growth of

proteolytic bacteria was also observed in their studies by Joniec and Furczak [27] and

by Jezierska-Tys and Frac [23]. The study reported herein also demonstrated a

stimulating effect of dairy sewage sludge on the number of ammonising and nitrifying

bacteria, intensifying with increase in the dosage of the sludge introduced in the soil.

That effect may indicate soil properties favourable for plants, as those microbial groups,

especially nitrifiers, are sensitive to soil acidification and insufficient aeration [28]. The

presence of those microbial groups is of key importance in making nitrogen available to

plants. The decrease in the numbers of the studied microorganisms in the course of the

experiment indicates depletion of the nutritional substrates for those microbial groups.

Conclusions

1. The study demonstrated that soil amendment with diary sewage sludge had

a significant effect on the populations of soil microorganisms.

2. The effect of the sludge on the microbial groups under study depended on the dose

of the sludge, on the type of soil, and on the kind of microbiological parameter.

3. It was demonstrated that the dairy sewage sludge stimulated the growth of

microorganisms in the soil environment. The effect intensified with increasing dosage

of the sludge introduced in the soil.

4. A significant relationship was demonstrated between the respiratory activity and

the growth of microorganisms in soil fertilised with dairy sewage sludge.

Acknowledgments

The presented studies were conducted in frame of the own research project Nr 2P06S 042 30 supported by

the Polish Ministry of Science and Higher Education.

Changes in Microbiological Activity of Soils Fertilised with Varied Doses of Sludge... 1281



References

[1] Alef K. and Nannipieri P.: Methods in applied soil microbiology and biochemistry, Academic press,

London 1998.

[2] Beyer Y., Wachendorf C., Balzer F.M. and Balzer-Graf U.R.: Biol. Fertil. Soils 1992, 13, 242–247.

[3] Myœków W.: Post. Mikrob. 1981, 20(3/4), 173–192.

[4] Corstanje R. and Reddy K.R.: Soil Soc. Am. J. 2006, 70, 1652–1661.

[5] Emmerling C., Schloter M., Hartmann A. and Kandeler E.: J. Plant Nutr. Soil Sci. 2002, 165, 408–420.

[6] Paul E.A. and Clark F.E.: Mikrobiologia i biochemia gleb. Ed. UMCS, Lublin 2000.

[7] Zahir Z.A., Atteequr Rehman Malik M. and Arshad M.: J. Biol. Sci. 2001, 1(5), 299–307.

[8] Balicka N.: Post. Mikrob. 1986, 25(3/4), 289–292.

[9] Kucharski J., Niklewska-Larska T. and Niewolak T.: Zesz. Nauk. Akad. Rol.-Tech. Olsztyn, Agricult.

1992, 54, 23–41.

[10] Janvier C., Villeneuve F., Alabouvette C., Edel-Hermann V., Mateille T. and Steinberg C.: Soil Biol.

Biochem. 2007, 39, 1–23.

[11] Topp E.: Can. J. Soil Sci. 2003, 83, 303–309.

[12] Rühling A. and Tyler G.: Oikos 1973, 24, 402–415.

[13] Rodina A.: Mikrobiologiczne metody badania wód. PWRiL, Warszawa 1968.

[14] Martin J.P.: Soil. Sci. 1950, 69, 215–233.

[15] Kobus J.: Zesz. Probl. Post. Nauk Rol. 1995, 421, 209–219.

[16] Kucharski J.: [in:] Mat. Ogólnopol. Symp. Mikrobiol. “Drobnoustroje w œrodowisku wystêpowanie,

aktywnoœæ i znaczenie”, 1997, 327–347.

[17] Loc N.T.B. and Greinert H.: Fol. Univ. Agric. Stetin. Agricult. 2000, 83, 119–124.

[18] Loc N.T.B. and Obertyñska E.: Zesz. Probl. Post. Nauk Rol. 2003, 494, 305–314.

[19] Blechschmidt R., Schaaf W. and Hüttl R.F.: Plant Soil 1999, 213, 23–30.

[20] Dar H.G.: Bull. Environ. Contam. Toxicol. 1997, 58, 234–240.

[21] Nowak A., Przybulewska K. and Szopa E.: Post. Nauk Rol. 2001, 477, 443–449.

[22] Lima J.A., Nahas E. and Gomes A.C.: Appl. Soil Ecol. 1996, 4, 75–82.

[23] Jezierska-Tys S. and Fr¹c M.: Polish J. Soil Sci. 2005, 38(2), 145–151.

[24] Januszek K.: Zesz. Nauk. AR Kraków, ser. Rozprawy, nr 250, 1999.

[25] Furczak J. and Joniec J.: In¿. Ekol. 2005, 11, 136–137.

[26] Fidecki M.: Wartoœæ nawozowa osadu œciekowego z mleczarni. Wyd. AR Lublin 2002.

[27] Joniec J. and Furczak J.: In¿. Ekol. 2005, 11, 151–152.

[28] Mazur T.: Azot w glebach uprawnych. PWN, Warszawa 1981.

ZMIANY AKTYWNOŒCI MIKROBIOLOGICZNEJ GLEB
NAWO¯ONYCH ZRÓ¯NICOWANYMI DAWKAMI OSADU

Z OCZYSZCZALNI ŒCIEKÓW MLECZARSKICH

1 Zak³ad Badañ Systemu Gleba–Roœlina

Instytut Agrofizyki im. B. Dobrzañskiego Polskiej Akademii Nauk w Lublinie

Katedra Mikrobiologii Rolniczej
2 Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Celem przeprowadzonych badañ by³a ocena wp³ywu zró¿nicowanych dawek osadu œcieków

mleczarskich na kszta³towanie siê liczebnoœci wybranych grup drobnoustrojów i aktywnoœci respiracyjnej

w glebie brunatnej i p³owej. Modelowe badania laboratoryjne przeprowadzono na dwóch ró¿nych typach gleb

(brunatnej i p³owej). Analizy mikrobiologiczne wykonywane okresowo w czasie trwania doœwiadczenia

obejmowa³y oznaczenie aktywnoœci respiracyjnej i liczebnoœci wybranych grup mikroorganizmów glebo-

wych. Oddzia³ywanie osadu z oczyszczalni œcieków mleczarskich na badane grupy drobnoustrojów zale¿a³o

od iloœci dawki odpadu, typu gleby oraz rodzaju parametru mikrobiologicznego.

S³owa kluczowe: aktywnoœæ respiracyjna, gleba, mikroorganizmy, osad œcieków mleczarskich
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