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Abstract. Samples for microbiological water analysis of the Mrtva Tisza (the backwater of the
river Tisza) were taken every two months during the period from November 1987 to September
1990.

During these investigations we estimated the total number of bacterioplankton, number of het-
erotrophic and facultatively oligotrophic bacteria, and enzymatic (phosphatase) activity of wa-
ter. The classification of waters was carricd out on the basis of number of heterotrophs, T/H
index and enzyme activity of water. In addition, the morphology of oligotrophic bacteria were
investigated by clectron microscopy.

The obtained results revealed that water quality of the Backwater Tisza ranges from moder-
ately polluted to fully polluted waters (II-IIT class). The dominant part of bacterioflora was the
population of oligotrophic bacteria. Electron microscopy showed that the morphology of bacte-
ria was effected by the concentration of nutrients in the media.
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Introduction

Microbiological investigations of surface wa-
ters are mostly confined to sanitary aspect in the
water state estimation, which are carried out by in-
stitutes of Public Health. Also, the level of the mi-
crobiological parameters are prescribed by law and
regulations. These investigations are, certainly, of
significance, but recent results indicate that the
dominant microflora of surface water is repre-
sented by oligotrophic microorganisms, This group
of microorganisms (which rcpresents 50-90% of
the total bacterioflora in surface waters) is not

included by standard microbiological
investigations,  although, thanks to their
multienzymatic ~ nature, they  participate

significantly in self-purification processes of

surface watcrs.
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The study of ecological conditions in water
habitats has led to the conclusion of irregularity in
access to quantitative studies of water bacterio-
plankton by cultivation methods. Even nowadays,
nutrient agar is used in routine way for cultivation
of heterotrophic bacteria from water, although the
results obtained by many authors: Ishida and Ka-
toda (1977, 1979, 1981), Kuznecov et al. (1979),
Ishida et al. (1980-a, 1980-b, 1982), Olsen and
Bakken (1987), Stilinovic and Futac (1990), Gajin
et al. (1990), and others indicate that at such in-
vestigations it is necessary to apply media poorer
in nutricnts than the nutrient agar.

For these facts, we decided to draw our partic-
ular attention to oligotrophs in these investigations
of autochthonous microflora of surface waters.
The results of classical microbiological
investigations of water have been used in this
paper for standard estimation of water condition.
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Methods

Samples for microbiological water analysis of
the Backwater Tisza were taken every two months
in the period from November 1987 to September
1990, and were analyzed in the Microbiological
Laboratory of the Institute of Biology in Novi Sad.

The total number of bacterioplankton was es-
timated applying the direct method of bacterio-
logical filtration (Razumov, 1932) using bacterio-
logical filters "Sartorius No 2". The number of aer-
obic heterotrophic bacteria was determined by
cultivation on nutrient agar, and the number of
oligotrophic bacteria by the same method on di-
luted nutrient agar ( 1:10, 1:100, 1:1000), as well as
on medium F-35 (Ishida and Katoda, 1977).

Besides, enzyme (phosphatase) activity of wa-
ter was determined on the basis of p-Nitro-
phenylphosphate hydrolysis (Matavulj ct al., 1984).

Estimation of the condition of the investigated
waters and categorization into classes were carried
out according to the number of acrobic het-
crotrophic bacteria (Kohl, 1975), according to the
level of water phosphate activity (Matavulj et al,
1990) and T/H index (ratio of the total number of
bacteria and heterotrophs) values (Matavulj et al,,
1989).

Morphologically different bacterial colonies
grown on nutrient media were isolated and tested
with respect to the requirements concerning the
nutrient quantity, by transferring each isolate on
the nutrient agar, also on the same but diluted
medium (1:10, 1:100, 1:1000), and on the medium
F-5. The capability and intensity of growth were
recorded on these substrata, while the changes of
morphology of bacterial strains in dependence of
quantity of nutrients in media were [ollowed by
transmission electron microscopy.

Results and Discussion

The results of our three-year investigation of
the Backwater Tisza water point to the fluctuation
of the water quality during the year. The average
values of the microbiological parameters indicate
that in the most cases it was a question of the pol-
luted waters. Most of the samples belonged to the
II-1II class, with the tendency of mild improvement
of water quality during the three years of investiga-
tion (that should be confirmed by further investi-
gations). We assume that this mild improvement of
the water quality could be the result of measures
undertaken for the protection of the waters inves-
tigated.

It can be seen from Fig, 1. that number of het-
erotrophic bacteria, taken as an indicator of water

quality, fluctuates to a great extent depending on a
season but remaining within the limits of II-III and
Il classes of water according to Kohl (1975).
However, the percentage of heterotrophs in the
total bacterioplankton, and the ratio of total
bacterioplankton to heterotrophs (T/H) certainly
gives more real picture. These parameters vary in
the summer-autumn period, but on the other hand
we obtained clearly expressed winter minimums in
the percentage of heterotrophs in the total
bacterioplankton, that is maximums in the T/H
ratio in winter period.

Phosphatase activity of water, representing the
enzyme activity of all microorganisms present in
the water, point to summer or spring-summer
maximums, that is to the waters which are the
most loaded in spring-summer period during a
year, but all values are within the limits of IIT-A
category of water (Matavulj et al., 1988).

Values of determination of heterotrophic and
oligotrophic bacteria number indicate that bacteri-
oplankton of the Backwater Tisza water had far
better conditions for growth on the substrata
poorer in quantity of nutricnts than on the stan-
dard nutrient agar. So, viable bacteria count on
nutrient agar diluted ten times was up to 5.1 times
greater than on the standard media (yearly aver-
ages: 3.2 in 1988, 2.5 in 1989, 3.4 in 1990); (Gajin et
al., 1990). It should also be emphasized that from
all media applicd, in all cases of investigation, the
highest number of colonies has been found on the
nutrient agar diluted ten times.

The dominance of (facultative) oligotrophic
bacteria over the heterotrophic ones, found also in
the Backwater Tisza water, point to the incom-
pletencss of such investigation of water quality
when only classical methods of determination of
number of (heterotrophic) bacteria, corresponding
only to one level of trophy are applied, that is,
when only standard nutrient agar is being used.

At the investigation of bacterioplankton of
waters by cultivation method, the usual period of
incubation is 5-7 days. By prolongation of this pe-
riod, we noticed that at the incubation temperature
of 26°C period of 5 days was enough for full
growth of heterotrophs, but bacterial colonics on
the media poorer in nutrients grew slower. On the
basis of these obscrvations we concluded that one
of the reasons of exclusion of autochthonous olig-
otrophic microflora of waters at routine investiga-
tions is certainly the insufficient routine period of
incubation as well,

From the total number of 412 tested bacteria,
isolated from the Backwater Tisza water during
three-year investigation, 80.1% of isolates were
capable to grow on diluted nutrient agar and
74.5% on the standard nutrient agar (Fig. 2.).
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Fig. 1. The water quality of Backwater Tisza according to microbiological and enzymological indicators

These results also point to the abundance of
autochthonous oligotrophic microflora in the
investigated waters, as well as to a possible
methodological error at routine investigation of
microflora of surface waters carried out only on
one level of trophy, and only on the standard
nutrient agar respectively.

Examination of microflora of the investigated
water by an electron microscopy revealed, besides
the usual bacterioflora, the abundance of forms
with noticeable numerous pili. However, by exami-
nation of isolates taken from the investigated water
such forms could not be noticed. For this reason
we assume that the forms observed in the intact
sample were strict oligotrophs, or oligonitrophiles.
Oligotrophic strains grown on nutrient agar were
polymorphic, or with a great number of lysing
cells, and typical morphology of cclls was noticed
only when grown on the medium with reduced
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quantity of nutrients (Fig, 3.). Morphological
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ambiguity was the most expressive in the isolates
of stalked bacteria grown on the nutrient agar,
whose typical morphology was noticed only when
grown on the media with reduced quantity of
nutrients (Fig. 4.).

Conclusion

The results obtained during the three years of
investigation of microbiological indicators of water
quality allow the categorization of the Backwater
Tisza water into II-IIT and II classes (according to
the number of heterotrophs). This is the water
most loaded in spring-summer period during a
year, but within the limits of III-A category
(according to the enzyme activity of water).

The numbers of bacteria obtained by cultiva-
tion methods, as well as the capability of growth of
bacteria isolated from the Backwater Tisza water
on media with different concentrations of nutri-
ents, point to the dominance of oligotrophic mi-
croflora in investigated waters. With this respect
we point to the incomplete investigation when this
important part of microflora is neglected and to
the possible methodological error at routine inves-
tigation of microflora of surface waters carried out
only on one level of trophy, that is on the standard
nutrient agar only.

Morphological investigations of oligotrophic
bacteria cultivated on standard nutrient agar also
point to the fact that the media with reduced con-
centrations of nutrient are more suitable for inves-
tigation of microflora of surface waters .

Fig. 3. Electron micrographs of bacterial cells showing morphological changes as affected by different nutrient coneentrations.
a - standard nutrient agar; b - nutrient agar diluted 1:10; ¢ - nutrient agar diluted 1:100; d - nutrient agar diluted 1:1000.;

(index = 1gm)
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Fig. 4. Electron micrographs of stalked bacteria showing morphological changes as affected by different nutrient concentrations.
a - standard nutrient agar; b - nutrient agar diluted 1:10; ¢ - nutrient agar diluted 1:100; (index = 1pm)
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