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Abstract
Studies were carried out to determine numbers of bacteria indicatory of pollution (TVC 20°C, TVC 37°C)
and sanitary state (TC, FC, FS, Clostridium perfringens), and of potential pathogens (Aeromonas hydrophila,
Staphylococcus sp., Pseudomonas aeruginosa. Salmonella sp.) and fungi in meadow grass subject to 8 different
variants of irrigation and fertilization in the vicinity of a treatment plant in Olsztynek (Masurian Lake District).
Studies were performed in the vegetation season in the course of 2 consecutive annual cycles in 1996 and 1997.
Psychrophilic ammonifiers (TVC 20°C) were the most numerous group of bacteria in all 8 variants of
irrigation and fertilization. They were especially numerous in the grass of the third swath ( i n autumn). As
regards the bacteria indicatory of sanitary state, TC and FS were the most numerous, and from among
pathogens — Aeromonas hydrophila and Staphylococcus sp., Clostridium perfringens, Pseudomonas aeruginosa
and Salmonella sp. were rare. Fungi determined on Trichophyton Agar 1 medium were fairly numerous. TC,
FS, Aeromonas hydrophila, and fungi grown on Trichophyton Agar 1 were usually more numerous in grass
from plots irrigated with biologically-treated sewage and treated sewage from a biological pond. Their maximal
numbers were found in grass of the 2nd and/or 3rd swath.
There were no statistically significant differences (α < 0.05) among amounts of bacteria groups in grass
from the 8 experimental fields.
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Introduction
Use of biologically treated sewage to irrigate arable
lands, meadows and pastures, with their simultaneous utilization as fertilizers, may be treated as a method of thirddegree (chemical) sewage treatment. This method, however,
is restricted by a number of medical conditions [16], which
inhibit the use of sewage to irrigate crops that are to be
consumed fresh and raw [7]. In order to avoid direct
consumption of crops irrigated with sewage it seems more
appropriate to apply this method to irrigate meadows

and pastures. This does not eliminate all problems related
to agricultural use of sewage, mostly due to the susceptibility of domestic animals to many pathogenic microorganisms found in biologically treated sewage, such as Salmonella, Mycobacterium tuberculosis, Mycobacterium bovis [21] or enteric pathogenic viruses [3]. Dangerous levels
of these pathogens necessary to produce clinical symptoms
are high in the case of cattle [28], while their survival on
plants is low [6, 21], it is rather unlikely that cattle grazing
on pastures fertilized with sewage might develop salmonellosis, for example [6]. Strong UV radiation of the sun, high
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air temperature, and low moisture are very effective in
eliminating pathogenic bacteria from the grass. On the
other hand, there may be problems with high numbers of
saprophytic bacteria and filamentous fungi, especially
in older, ober-ripe grass. These micro-organisms not only
lower grass quality (causing its decay), but also produce
toxic metabilites, thereby having a negative effect on
animal health. More and more attention has been devoted
to this problem in recent years [4, 5].
This paper presents the results of studies on the numbers of bacteria indicatory of pollution and sanitary state,
and of potentially pathogenic bacteria, in grass from
a non-irrigated and unfertilized plot (control), and from
plots irrigated and/or fertilized with biologically treated sewage and with mineral fertilizers (NPK) in the vicinity of
the municipal sewage treatment plant in Olsztynek. Studies
were carried out in two consecutive vegatation seasons:
1996 and 1997.

were divided into experimental plots of unit area 15.57 m2,
out of which 12.0 m2 were harvested (Fig. 1). Dominating
plant species were orchard grass (Dactylis glomerata), blue
grass (Poa pratensis), quack grass (Agmpyron repens) and
common dandelion (Taraxacum officinale).
Sewage
Sewage used to irrigate meadow plots consisted of
a mixture of municipal sewage and wastes discharged
by a factory processing fruit and vegetables. They were
subject to biological treatment and then discharged to
ponds. Plots were irrigated with both: biologically treated
sewage directly discharged by the treatment plant and
sewage taken from the retention ponds.
Experiment

Materials and Methods
Study Area
Studies were carried out on a meadow belonging to the
sewage treatment plant in Olsztynek (Masurian Lake District). The meadow was characterized by low variability of
physical and chemical soil properties [27] of classes IVb
and Va, with fairly uniform distribution of plants. A field
experiment consisting of random blocks began in spring
1996, just prior to the vegetation season. The meadows

Sanitary and bacteriological studies of meadow vegetation were carried out in 8 experimental variants, each repeated 4 times (Table 1). All experiments began after the first
swath on 31 May, 1996.
Sampling Procedure
Samples of grass were collected from 4 plots in each
variant on 31 July and 2 October, 1996, and on 6 June, 31
July and 2 October, 1997. About 100 g of grass were collected each time. It was cut in the laboratory into 1 mm
piecs, 10 g samples were weighed and homogenized in 300
ml of a sterile physiological salt NaCl. The homogenate
was then diluted 1:1, 1:100, 1:1,000 and 1:10,000, and
inoculated into appropriate media.
Samples of treated sewage were collected for microbiological examination at the outflow from the secondary sedimentation tank and from biological pond no. 2 (which received biologically treated sewage) on the same days on
which the experimental plots were irrigated (from June to
August 1996, and from April to August 1997). Samples
were collected to sterile 300 ml bottles with ground-in
stoppers.
Microbiogical Determinations

Fig 1, A. Scheme of ponds in waste treatment plant in Olsztynek
B. Scheme of experimental fields in the waste treatment plant.
For explanation see Table 1.

Microbiological studies of the grass comprised:
1. Total bacteria counts (CFU/1 g of fresh wt.) in broth
agar after 72 h incubation at 20°C (TVC 20°C);
2. Total bacteria counts (CFU/1 g of fresh wt.) in broth
agar after 24 h incubation at 37°C (TVC 37°C);
3. Total counts (MPN/1 g fresh wt.) of coliforms (TC)
in Eijkman medium after 72 h incubation at 37°C;
4. Counts (MPN/1 g fresh wt.) of faecal coliforms (FC)
in Ejkman medium after 24 h incubation at 44.5°C;
5. Counts (MPN/1 g fresh wt.) of faecal streptococci in
Slanetz and Bartley medium after 72 h incubation at 37°C;
6. Counts (MPN/1 g fresh wt.) of anaerobic spore-for
ming bacteria reducing sulphites (Clostridium perfringens
— CP) in pasteurised grass homogenates (80°C/10 min) in
Wilson-Blair medium after 18 h incubation at 37°C;
7. Counts (CFU/1 g fresh wt.) of Aeromonas hydrophila
in Rimler-Shotts medium after 24 h incubation at 37°C;
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Table. 1 Experimental variants of irrigating and fertilizing grass on
plots near the treatment plant in Olsztynek.

8. Counts (CFU/1 g fresh wt.) of Staphylococcus sp. in
Bacto Staphylococcus Medium 110 according to Champan,
after 24 h incubation at 37°C;
9. Presence (or lack) of Pseudomonas aeruginosa in
mPA Agar medium after 48 h incubation at 41.5°;
10. Presence (or lack) of Salmonella sp. in selective
Kauffman's medium with sodium tetrathionate after 24
h incubation at 37°C, and then in differentiating medium
with xylose, lysine and sodium desoxycholate (XLD), con
ditions of the incubation being the same;
11. Numbers (CFU/1 g fresh wt.) of fungi in Tricho
phyton Agar 1 medium after 24 h incubation at 37°C.
TVC 20°C and TVC 37°C were determined using the
usual procedures of microbiological examination of drinking water. The most probable number of TC, FC and FS
was determined according to APHA data [2]. The most
probable number of anaerobic sporeforms reducing sulphites {Clostridium perfingens) were determined using the
dilution method, inoculating 1.0, 0.1 and 0.01 g of the
examined grass suspension in test tubes containing Wil-sonBIair medium. Positive results for the presence of Clostridium perfringens were checked in skimmed milk. Numbers of Aeromonas hydrophila were determined applying
the techniques described by Hazen [15] counting typical
colonies (yellow) on agar plates. Counts of Staphylococcus
sp. and fungi were obtained according to Difco Manual
[13]. Positive results for the presence of coliforms in fermented samples in Eijkman medium were checked in Endo
medium, lauryl-tryptose broth, and in samples stained with
the Gram method. Positive results for the presence of faecal
streptococci in Slanetz and Bartley medium were checked in
m-Enterococcus Agar. Typical colonies of dark red which
had developed in this medium were transferred to broth
medium and their growth rate was determined in 44.5°C,
at pH 9.6, in the presence of 6.5% NaCl, as well as in milk
with an addition of 0.01% methylene blue. In the case of
Aeromonas hydrophila, yellow colonies which had
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developed after incubation were counted, and selectively
confirmed as being Aeromonas hydrophila using API-20E
(Analytab Products, Plainview, New York) test for oxidasis
and a vibiriostatic factor 0/129. As regards Staphylococcus
sp., orange and yellow colonies were counted and there
was no further identification of Staphylococcus aureus.
The presence of Pseudomonas aeruginosa was confirmed
in Pseudomonas P. Agar medium observing pyocyanine
in Wood's light according to Levin and Cabelli [22]. In
determining Salmonella sp., typical red colonies with
black spots in the middle were confirmed in Kligler
medium and broth with urea, and finally during of the slide
agglutination test [30] for flagellate antigen HM according
to the method given by Burbianka and Pliszka [9]. All
quantitative determinations were carried out in 3 parallel
repetitions. The results pertaining to TVC 20°C, TVC
37°C, Aeromonas hydrophila, Staphylococcus sp. and fungi
were obtained based on the colonies which developed
in agar media. Counts of TC, FC, FS, and Clostridium
perfringens were obtained from McCrady's tables; 0,8%
NaCl being the diluent used.
Numbers of TVC 20°C, TVC 37°C, TC, FC and FS in
water of the biological pond of Olsztynek treatment plant,
and in the effluent from the treatment plant were determined using the same media as in the case of grass samples.
Numbers of bacteria indicatory of pollution and sanitary
state were related to the WHO standards [16], and to
regulation by the Council of Ministers on the classification
of waters [25] issued on 14 December 1987. The stated
amounts of bacteria groups in 1 g of grass wet weight were
analyzed statistically using Duncan's Test.

Table 2. Numbers of bacteria and fungi in 1 g of fresh grass
collected from control plots (with no irrigation and fertilization) in
different vegetation periods of 1996 and 1997.
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Results

Numbers of bacteria indicatory of pollution and sanitary
state in the grass of experimental plots.

Table 3. Numbers of bacteria in 1 g of fresh grass collected from
plots irrigated with clean water (basic dose) in different vegetation
periods of 1996 and 1997.

Micro-organisms Indicatory of Pollution
From among the groups of indicatory bacteria (TVC
20°C, TVC 37°C) in the grass of experimental plots, less
pronounced variations were observed for TVC 20°C (from
290 thousand to 269 million cells in 1 g of fresh grass
weight) than for TVC 37°C (from 30 thousand to 256 million cells in 1 g fresh wt.). Psychrophilic bacteria TVC
20°C were equally numerous in grass growing on unfertilized plots and in grass growing on the plots irrigated with
clean water, biologically treated sewage, treated sewage
collected from the biological pond, and on plots fertilized
with mineral fertilizers. They were usually more numerous
in grass of the 3rd swath. Mesophilic bacteria TVC 37°C
were also numerous in grass of the 2nd swath. Differences
in the counts of these two groups of bacteria were usually
very small between the plots irrigated with various doses of
treated sewage from the biological pond. Higher numbers
were observed exceptionally, only in the grass of plots
irrigated with higher amounts of sewage (Tables 2-7).

Table 4. Numbers of bacteria in 1 g of fresh grass collected from
plots irrigated with biologically treated sewage (discharged by the
treatment plant) in different vegetation periods of 1996 and 1997.

Micro-organisms Indicatory of the Sanitary State
As regards the bacteria which are indicators of the sanitary state (TC, FC, FS, Clostridium perfringens), grass collected from the experimental plots contained the lowest
numbers of FC and Clostridium perfringens, and the highest of TC. Clostridium perfringens were noted rarely, their
numbers being usually below 10 cells in 1 g of fresh grass
weight. TC, FC and FS were usually present in lower numbers in the plots which had neither been irrigated nor fertilized, or those which were irrigated with clean water,
more numerously in plots irrigated with biologically treated
sewage, treated sewage taken from the biological ponds,
and sometimes also in plots fertilized with NPK and irrigated with clean water. Differences in the numbers of
these bacteria in grass collected from plots irrigated with
the basic dose, 150% and 200% of treated sewage from the
biological pond showed no clear trend. Grass collected
from plots with no irrigation and no fertilization, and those
irrigated with clean water or with biologically-treated sewage, usually contained higher numbers of these bacteria
in the 2nd (1997) or 3rd (1996) swath. Grass from plots
irrigated with sewage from the biological pond, plots fertilized with mineral fertilizers (NPK), and those with NPK
fertilization and irrigated with clean water had higher numbers of these bacteria in different grass swaths (Tables 2-7).
There were no statistically significant differences
(a < 0.05) among amounts of bacteria groups in grass from
the 8 experimental fields.
Potentially Pathogenic Micro-organisms
Aeromonas hydrophila, Staphylococcus sp. and fungi
determined in Trichophyton Agar 1 were present in grass
collected from plots in all 8 variants of the experiment.
Other bacteria, such as Pseudomonas aeruginosa and

Salmonella sp. were noted only in rare cases, usually in
grass from the 3rd swath. Aeromonas hydrophila and Staphylococcus sp., and fungi determined in Trichophyton Agar
1 medium were usually more numerous in grass from plots
irrigated with biologically treated sewage, or sewage from
the biological pond. They were also more numerous in
grass from NPK fertilized plots, 3d swath (in 1996 and
1997). Differences in the numbers of these bacteria in grass
from plots irrigated with different doses of sewage from the
biological pond as well as with pure water showed no clear
trend (a < 0.05) (Tables 2-8).

Numbers of Bacteria Indicatory of Pollution and
Sanitary State in Biologically Treated Sewage,
and in Treated Sewage Discharged
to Biological Pond
TVC 20°C, TVC 37°C, TC, FC and FS numbers in
biologically treated sewage and in treated sewage discharged to the biological pond of the treatment plant in Olsz-
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Table 5. Numbers of bacteria in 1 g of fresh grass collected from plots irrigated with treated sewage from the biological pond at a basic dose
(a), 150% of the basic dose (b) and 200% of the basic dose in different vegetation periods of 1996 and 1997.

tynek found from May to August 1996, and from April to
August 1997 (Table 9 and 10) ranged within a few orders
of value. In biologically treated sewage (effluents from the
treatment plant), maximal numbers of indicatory bacteria
were found at the beginning of June 1996 and on different
days of August 1997, and of TVC 20°C and TVC 37°C,
also in April 1997. In treated sewage collected from the
biological pond only TC and FS numbers reached higher
levels in July 1996. All groups of indicatory bacteria were
also a little more numerous at the beginning of August
1997. FC:FS ratio in biologically treated sewage (discharged by the treatment plant) and in sewage from the biological pond ranged from 0.05 to 244.0, being lower than
0.7 in 38-41% of the samples, from 0.7 to 4.0 in 28-47% of
the samples, and higher than 4.0 in 12-24%.
Discussion
The results of sanitary and bacteriological examination
of grass collected from 8 different variants of the experi-

ment suggest that even the control plots (without irrigation
and fertilization) were sometimes characterized by high
numbers of heterotrophic ammonifiers (TVC 20°C and TVC
37°C), and of bacteria indicatory of the sanitary state (TC,
FC, FS) and potentially pathogenic (Aeromonas hydrophiIα, Staphylococcus sp. and fungi determined in Trichophyton Agar 1 medium). Exceptionally, also Pseudomonas
aeruginosa and Salmonella sp. attained high numbers in
these plots. Numbers of TVC 20°C in the control plots, as
well as in plots irrigated with clean water, and with biologically treated sewage and sewage from the biological
pond, and fertilized with mineral fertilizers (NPK) were
always, however, within the range given by Kaszubiak and
Muszynska [20] for grass fertilized with liquid manure.
There are no data in available literature on the recommended or maximal permissible numbers of these micro-organisms in cattle pasture lands, so it is very difficult to discuss the results of this study. Schmidt [26] mentioned that
numbers of heterotrophic bacteria 1 x 106 cells per 1 g of
fresh weight represented the upper limit for cattle feeds.
This value is lower than the values usually obtained in our
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Table 6. Numbers of bacteria in 1 g of fresh grass collected from
plots fertilized with mineral fertilizers in different vegetation periods of 1996 and 1997.

Table 7. Numbers of bacteria in 1 g of fresh grass collected from
plots fertilized with mineral fertilizers and irrigated with clean
water (basic dose) in different vegetation periods of 1996 and
1997.

study. Grass contamination ith TC, FC, FS and sometimes
also Clostridium perfringens in all 8 variants of the experiment might have been connected with deposition of
pollutants by birds and small rodents in grass grown on
plots irrigated with biologically treated sewage, and in the
case of sewage collected from the biological ponds - also
of micro-organisms contained in this sewage. Also storm
water could have been a source of grass contamination with
potentially pathogenic bacteria {Aeromonas hydrophila,
Staphylococcus sp., Pseudomonas aeruginosa, Salmonella
sp.) and fungi determined in Trichophyton Agar 1 medium.
Aeromonas hydrophila and Pseudomonas aeruginosa are
always present in sewage and polluted water, but their
numbers are much lower than total coliforms (Niewolak
and Opieka - in prep.) The two species are regarded
as aquatic organisms because they can be isolated from
water even when there are no sources of faecal pollution.
Numbers of indicatory bacteria could have been also
modified by their content in biologically treated sewage,
which frequently exceeded standards adopted for water
quality of the 3rd class [25].
Usually lower numbers of the investigated groups of
indicatory bacteria (especially TVC 20°C) in grass from

Niewolak S. and Tucholski S.
the 1st swath (spring) in 1997 might have been related to
higher physiologic activity of plants in spring [20]. From
a microbiological point of view, lower numbers of heterotrophic bacteria in this grass may suggest its higher quality
as animal food [4] compared to grass from the 2nd and/or
3rd swath, which usually contained higher numbers of
these bacteria. Higher numbers of these bacteria, as well as of
Enterobacteriaceae (TC, FC, FS) in grass from the 2nd and
3rd swath may be explained by nutrient (carbohydrates,
amino acids) leaking and their washing out from the old,
over-ripe grass [8,11]. In addition to this, higher grass densities at the end of the vegetation season may create better
thermal conditions for the micro-organisms and improve
their survival in lower parts of grass stems [10]. Contrary
to this, upper parts of grasses, and even the whole leaf area,
can be subject to extremal changes of environmental conditions, especially humidity, temperature, and UV radiation
[8,12]. The observed differences in the numbers of bacteria
indicatory of pollution and sanitary state in grass from different plots and in different vegetation seasons might also
have been caused by mutual relations between the plant
and the micro-organism [24]. This can lead not only to
seasonal chages of the numbers of bacteria and fungi, but
also to diurnal chages [17, 18]. It has been shown [14] that
not only the numbers of bacteria and fungi, but also qualitative composition of the microflora which colonises particular grass species can differ depending on environmental
conditions, and is often dominated by a limited number of
taxons which udergo seasonal succession. Numbers and
qualitative composition of bacteria and fungi may significantly effect grass quality. Numbers of these micro-organisms, increasing with grass age [1, 29], and especially of
heterotrophic ammonifying bacteria (TVC 20°C) may in
turn affect the health of domestic animal fed this grass [4].
Threats to animals health are connected most of all with
toxic metabolic products of bacteria (endogenic proteins)
and fungi (aflatoxins).
Data on the occurrence of Salmonella sp. in grass from
the 3rd swath of 1996 do not seem to be alarming, also in
view of FC numbers found at the same time. Relatively low
numbers of faecal bacteria and coliforms in grass of the
control plots (without irrigation and fertilization), as also of
the plots irrigated with biologically treated sewage from
the treatment plant and biological pond in Olsztynek suggest that if Salmonella sp. were present in the grass, their
numbers were minimal, not threatening animal health.
Table 8. Numbers of fungi determined in Trichophyton Agar 1 medium in 1 g of fresh grass collected from different experimental
plots in autumn 1996 and spring and summer 1997.
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Table 9. Numbers of bacteria indicatory of pollution (TVC 20°C and TVC 37°C) and sanitary state (TC, FC, FS) in the effluent of the
treatment plant in Olsztynek in 1996 and 1997.

Table 10. Numbers of bacteria indicatory of pollution (TVC 20°C and TVC 37°C) and sanitary state (TC, FC, FS) in water of the biological
pond of the treatment plant in Olsztynek in 1996 and 1997.

Taylor and Burrows [28] stated that calves grazing on pastures fertilized with liquid manure containing 106 cells ofSalmonella dublin/ml, were infected by this pathogen.
They did not observe, however, any cases of salmonellosis
in calves grazing on pastures fertilized with manure containig 1000-times fewer Salmonella cells. According to Feachem's data of 1978 cited by Kowal [21], there is no proof
that cattle grazing on pastures irrigated with sewage were
more exposed to salmonellosis than "other cattle", this being so because dangerous Salmonella numbers are rather
high (10 5 - 10 8 cells). Salmonella can pass to cattle in a
number of other ways. Based on Salmonella sp. counts in
sewage and sludge in England, Jones et al. [19] concluded

that a 4-week waiting period will prevent salmonellosis in
grazing cattle.

Conclusions
1. The results of microbiological examination of grass
grown on control plots with no irrigation and fertilization,
plots irrigated with clean water, and plots irrigated with
biologically treated sewage (effluent from the treatment
plant), treated sewage collected from a biological pond, or
fertilized with mineral fertilizers showed that it contained
different groups of bacteria indicatory of pollution and sanitary state, or even potentially pathogenic.
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2. Grass from plots irrigated with biologically treated
sewage and treated sewage collected from the biological
pond had higher numbers of bacteria indicatory of sanitary
state (TC, FC, FS), potentially pathogenic (Aeromonas hydrophila, Staphylococcus sp.) and fungi determined in Tri
chophyton 1 medium compared to the control. However,
ther amounts were not statistically significant (a < 0.05).
The amount of treated sewage collected from the biological
pond and used to irrigate the plots had no significant effect
on the numbers of these micro-organisms in grass, or its
effect was not clear.
3. Numbers of heterotrophic bacteria (TVC 20°C, TVC
37°C) as well as of some others (TC, FS, Aeromonas hydrophila, Staphylococcus sp.) increased with grass age. The
ir maximal numbers found in grass from the 2nd or 3rd
swath suggest worse bacteriological quality of grass collec
ted later in the season.
4. Sporadic occurrence of Pseudomonas aeruginosa and
Salmonella sp. in all 8 experimental variants may have
been caused by their inflow with storm sewage, or else they
might have been brought in by birds and small rodents. In
view of low FC numbers in the grass, the possible role of
these micro-organisms should not be over-rated, as they
were not likely to become pathogenic to cattle consuming
proper feeds containing these grasses (hay).
This paper was financially supported by the research
project KBN No. 5PO6H 001 09.

References
1. ADLER A., LEW H. Dynamik der epiphytischen Mikroflora
auf Griinlandpflanzen. Bodenkultur, 46, 223, 1995.
2. A.P.H.A. (American Public Health Association), Standard
Methods for the Examination of Water and Wastewater, 18th
ed., Eds.: C.E. Grccnberg, L.S. Clcsccri, A.D. Eaton. Publ.
Office American Public Health Association. Washington,
D.C., 9-1-9-147, 1992.
3. BADWAY A. S., ROSE J. B., GERBA CH.P. Comparative
survival of enteric viruses and coliphage on sewage irrigated
grass. J. Environ. Sci. Health, A25 (8), 937, 1990.
4. BEHRENDT U.. MULLER T., SEYFARTH W. The influence
of extensification in grassland management on the populations
of micro-organisms in the phyllosphcrc of grasses. Microbiol.
Res., 152, 75, 1997.
5. BEHRENDT U. SEYFARTH W. Untersuchung des mikrobiellen Epiphytenbesatzes der Phyllosphaie extensiv genutztcr
Futtergra'ser. Proc. 37 Jahrestag. der AG Griinland und Futterbau, Husum, 243, 1993.
6. BELL R.G. Persistence of fecal coliform indicator bacteria on
alfalfa irrigated with municipal sewage lagoon effluent. J. En
viron. Qual. 5, 139, 1976.
7. BELL R.G., BOLE J.B. Elimination of fecal coliform bacteria
irrigated with municipal sewage lagoon effluent. J. Environ.
Qual. 5, 417, 1976.
8. BLAKEMAN J.P. Ecological succession of leaf surface micro
organisms in relation to biological control (W): Biological cont
rol on the phylloplane (Eds.: Windel C.E., Lindow S.E.). The
Phytopathological Society, St. Paul, Minnesota, 6-30, 1985.
9. BURBIANKA M., PLISZKA A. Mikrobiologia zywnosci. Mikrobiologiczne metody badania produktow zywnosciowych.
PZWL, Warszawa. 1977.
10. BURRAGE S.W. Aerial microclimate around plant surfaces.
(In:) Microbiology of aerial plant surfaces. (Eds.: Dickinson
C.H., Preece T.F.). Academic Press, London, 173, 1976.
11. COLLINS M.A. Colonisation of leaves by phylloplane sap
rophytes and their interactions in this environment (In:) Mic
robiology of aerial plant surfaces (Eds.: Dickinson C.H., Pre
ece T.F.). Academic Press. London, 401-418, 1976.

12. DICKINSON C.H. Adaptation of micro-organisms to climate
condition affecting aerial plant surfaces. (In:) Microbiology of
the phyllosphere. (Eds.: Fokkema M.J., van den Heuvel J.).
Cambridge University Press. Cambridge, 77-100, 1986.
13. Difco Manual, Dehydrated culture media and reagents for mic
robiology. Difco, 10 Ed., Difco Laboratories, Detroit, Michigan,
U.S.A. 1985.
14. ERCOLANI G.L. Distribution of epiphytic bacteria on olive
leaves and the influence of leaf age and sampling time. Microb.
Ecol. 21, 35, 1991.
15. HAZEN T.C. A model for the density of Aeromonas hydrophila
in Albemarle Sound, North Carolina. Microb. Ecol. 9, 137,
1983.
16. HESPANOL I., PROST A.M.E. WHO Guidelines and National
Standards for Reuse and Water Quality. Water Res. 28(1), 119,
1994.
17. HIRANO S.S., ROUSE D.I., CLAYTON M.K., UPPER CD.
Pseudomonas syringae pv. syringae and bacterial brown spot of
snap bean. A study of epiphytic phytopathogenic bacteria and
associated disease. Plant Disease, 79, 1085, 1985.
18. JACQUES M.A., MORRIS C.E. A review of issues related to
the quantification of bacteria from the phyllosphere. FEMS Mi
crobiology Ecology, 18, 1, 1995.
19. JONES P.W., RENNISON L.M., LEWIN V.H., REDHEAD
D.L. The occurrence and significance to animal health of salmonellas in sewage and sewage sludges. J. Hyg. 84, 47, 1980.
20. KASZUBIAK H., MUSZYNSKA M. Bacteria of meadow
sward and effect of slurry-dressing on their community. Zentralbl. Mikrobiol., 142, 13, 1987.
21. KOWAL N. Health effect of land application of municipal slud
ge. US EPA. Research and Development, EPA/600/1-85-015
September,
1985. US Government Printing Office,
1985/559/20689, 1985.
22. LEVIN M.A., CABELLI V.J. Membrane filter technique for
enumeration of Pseudomonas aeruginosa. Appl, Microbiol. 24,
864, 1972.
23. McCORMACK P.J., WILDMAN H.G., JEFFRIES P. Produc
tion of antibacterial compounds by phylloplanc-inhabiting ye
asts and ycastlikc fungi. Appl. Environ. Microbiol. 60, 927,
1994.
24. PHILIPP W.D. Biologische Bckamplung von Pnanzcnkrankheiten. Umler, Stuttgart, 1988.
25. Rozporzadzenie Rady Ministrow z dnia 14 grudnia 1987 r.
w sprawie klasyfikacji wod, warunkow jakim powinny odpowiadac scieki oraz kar pienieznych za naruszenie tych warun
kow. Dziennik Ustaw Polskiej Rzeczpospolitej Ludowej. War
szawa, dnia 31 grudnia 1987 r., N Γ. 42, poz. 248. ss. 581-584.
Zalacz.nik Nr. 1, 1987.
26. SCHMIDT H.L. Mikrobiologische Richtwerte fur die Futtermittelbereitstellung. VII Internationaler Kongrcss fur Tierhygicne.
Bd. 3, Leipzig, 923, 1991.
27. SZELAGIEWICZ M., TUCHOLSKI S. Wplyw nawadniania
la.k biologicznie oczyszczonymi sciekami na wystepowanic
w runi form inwazyjnych pasozytow zwierzaj. Zeszyty Problemowe Postepow Nauk Roln. (in press). 1998.
28. TAYLOR T.J., BURROWS M.R. The survival of Escherichia
coli and Salmonella typhi dublin in slurry on pasture and the
infectivity of S. dublin for grazing calves. Brit. Vet. J. 127, 536,
1971.
29. THOMPSON I.P., BAILEY M.J., FENLON J.S., FERMOR
T.R., LILEY A.K., LYNCH J.M., McCORMACK P.J., McQUILKEN M.P., PURDY K.J., RAINEY P.W., WHIPPS J.M. Qu
antitative and qualiative seasonal changes in the microbial com
munity from the phyllosphere of sugar beet (Beta vulgaris).
Plant and Soil, 150, 177, 1993.
30. US Environmental Protection Agency, Microbiological Met
hods for Monitoring the Environment. EPA-600/8-78-017
(W:R. Bordner, J. Winter ed.). US Environmental Protection
Agency, Cincinnati, Ohio, USA, 1978.

