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Introduction

The Lake Balaton in W. Hungary belongs to the type of large shallow
lakes. Its littoral zone has a relatively large surface area, especially con-
sidering all stands of macrophytic vegetation rooting in the bottom sedi-
ment as parts of this region ( Lenz 1928, Ruttner 1940 cit. in
Sebestyén 1943). Reeds (Phragmitetum ) from the largest plant com-
munities in the littoral zone, and at the same time in the whole lake-envi-
ronment, too. Considering their particular physico-chemical parameters
and biological characteristics the reeds as habitats for toher organisms
sharply differ from all other true littoral (in the strict sense of the word:
eulittoral, Sebestyén 1943) and open water milieus.

Investigating the local distribution of aquatic mosses Fontinalis anti-
pyretica and F. hypnoides ( Felfoldy — T 6th 1957) and the pheno-
logy of reeds in the Balaton ( T 6th 1960a) the cited workers stated that
these reeds may be classified into different types or subtypes. The possible
existence of various reeds-tvpes was sujosed earlier also by Meschkat
(1934) furthermore EKntz —Sebestvén (1940). although exact
structural-coenological data were not available for them. Closed reeds of
large extent may show both in structural and functional point of view
pregnant horizontal inhomogenities ( Meschkat 1934). Perhaps the
most important one among them is the interesting distribution pattern
between the clear and the turbid (rich in suspended calcium-carbonate and
partly polluted) water masses within the individual reeds stands. The tur-
bid and polluted water streaming from the open water region into the reeds
passes through the stand in the direction of the coast and becomes clear
(free from CaC0,) and detoxified. It is a very characteristic phenomenon
that within the individual reeds-stands there is a more or less sharp border
line between the turbid and polluted but O,-rich water masses and the CO,-
rich, O,-poor, clear ones. Felfoldy — Téth (1957) stated that Fon-
tinalis spp. are living even in this border region. Besides this T o6 th
(1960h) distinguished individual reeds-types on the basis of the occurence
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of Fontinalis spp. as community members. He studied intensively the eco-
logy of ..Scirpo-Phragmitetwin fontinaloswm™*-type in which F.antipyretica
is a commonly occuring, characteristic Fontinalis species. According to the
data of T 6t h the oxvegen and carbonate content of the lake water gra-
dually decreases as it passes through the reeds. Finally the suspended car-
bonates disappear and the water becomes clear and rich in free C( ),. All
these changes may be attributed to microbial activities. The direct effect
of the open water of the lake cannot be observed already in that inner reeds-
zone where Fontinalis spp. occur.

Otherwise, in the reeds, the phvsical and chemical parameters of the
water are changing not only horizontally but verticallv, too ( En tz 1981).
Studying the h\'(lmlm)lo«r\ of the reeds in the Hungarian part of the Lake
Fertés characterized by another type of hydrochemistry such dynamics of
the water self-purification were not possible to observe (Téth — Szab 6
1962).

In the inner part of reeds-stands where the intensity of the water
movements is relatively low the submerse surface of the individual reeds
is covered by a living crust. The members of this crust population (bac-
teria, algae, nematodes, copepodes. trichoptera. etc.) are connected by a
verv complex web of routes of the community m(-hlxnliim which is, un-
fortunately only little known at present. Meschkat (1934), Entz
—Sebestyén (1942) and Sebestvén (I‘H"’) pul)h\h('(l important
data on this crust-hiota. 1. h.a.r.o.s. (1964) showed that the population
dyvnamies of this crust inhabiting Tardizrada is deeply influenced by lo-
cally acting physical and chemical factors (light intensity. oxvgen-supply,
ete.).

The so called filtration effect of the reeds is of outmost importance.
The polluted water which is streaming through the reeds-stands gradually
hecomes poor in phosphorous and nitrogen futhermore in suspended parti-
culate materials LLesenvei —Szabd 1953, Toth 1972, Olah et
al. 1977, Koviaes etal. 1979, Lakatos 1979. Dobol vi et al
1980) and microorganisms (Lesenvei —Szahbd 1053).

At present there are many data in the literature making undoubtedly
that microorganisms living epiphvtically on the reed-surface are respon-
sible for this filtering effect. In the present study an attempt is made to
analyse bacterial communities living epiphytically in the crust-material of
the reed surface region.

Materials and methods

Reed samples were collected at three areas of different productivity
of the Lake Balaton (1. Balatonkenese. 2. Bay of Bozsa, 3. Bay of Keszt-
hely), on the Ist and the 28th October, 1980. The s(zmple.s were taken in
each case in the border region of the reeds-stands at about 4 —5 m far from
the bordering free water.

At sampling we cut the submerse parts of the single reed to approxi-
mately 10 ¢m pieces using sterile shears and tweezers, than we transported
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them into the laboratory in sterilized test tubes filled with untreated lake-
water. More than one vear old and fresh reeds were collected at each site.
A part of the samples consisted of reed material being cut from about 20 —
30 ¢m below water surface, another part of them was taken from approxi-
matevely 10 —20 em above the mud surface near the bottom. Reed samples
were stored in refrigerator at 4 °C untill processing having taken place in
36 hours. Pieces of reed were washed three times with sterile tap water to
remove organisms adhering loosely. Subsequently scrapes were taken asep-
tically from the reed-surface. Dilution series were made from the suspensi-
on of the homogenized crust material. Plating was carried out on four
kinds of media, as follows: nutrient agar ( Cowan —Ste e 1. 1963).
starch-caseine agar ( Waksman 1961). ISP—9 hasal medium comple-
ted with glucose ( Pri dham — Gottlieb 1948)and a syvnthetic agar
enriched in yveast-extract ( Szabad 1974). Inoculated plates were incu-
bated on 28 °C for six days, then colonies were isolated non-selectively to
slants composed of the same media as plates. 2126 isolates were obtained
this way. They were stored at 4 °C' in refrigerator. After this from among
our igolates true eubacterial ones capable of growing on nutrient agar were
selected and isolates turning out not to be bacteria or not to be maintai-
nable on laboratory media, were neglected. So we obtained 1147 isolates
altogether from the three sampling sites (232 from Balatonkenese. 223 from
Bay of Bozsa and 692 from Bay of Keszthely).

Thereupon a tentative grouping (on the basis of cultural-morphological
features of diagnostic value) and selection was done among our isolates ob-
tained from reedcrust matter taken from the very same sampling site. In
this manner several groups of similar isolates were formed in relation of all
milieus. Finally we compared all of the members of all groups also each
with other. Similar groups were united into larger ones and representative
strains were selected from all of them. Isolates which remained outside the
large clusters and represented only rarely occuring types or species (alto-
gether 13. 24 and 59 ones from the three habitats, respectively) were exc-
cluded from the futher work. At the end 190 isolates, or more exactly rep-
resentative strains belonging to 20 different similarity groups were subjected
to detailed analyses.

Chemical analyses were carriad out in laboratory and at the sampling
sites, on samples collected from the characteristic regions (Hydrocharis-
zone, Fontinalis-zone, open-water side of the reeds’ border) of the reeds-
stands and from the open water of Bay of Bozsa. as well, between Sth and
10 th of July 1981, twice a day (6.30 A.M. and 14 P.M.).

Measurements of water pH, O, saturation and temperature were car-
ried out using Aquachek field-instrument and that of transparency with
Secchi-dises at the site. Quantity of floating material, dissolved reactive b
NH,-N, NO,-N, ('0%~, HCO "~ total dissolved iron and oxygen consump-
tion via permanganete (CODyp) were determinated as by Felfoldy
(1980), quantity of chlorophyll-a and phaeopigment as by Tett et al.
(1977). Dissolved organic carbon content of water samples was investigated
by Beckman organic carbon analysing instrument.
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Results and discussion

In contrast to the composition of bacterial communities of the open
water characterised by the predominance of micrococei (K otsis 1082),
in the crust of the reed gramnegative rood-shaped bacteria are the most
common organisms (Table 1.). This fact clearly shows. that species of high
ecological tolerance and biochemical capacities are the prominente mem-
bers in this community. Table 1. also shows, that more. than 509/ of
strains of all the three milieus are able to degrade ¢lucose fermentatively.
Therefore the epiphytic bacterial communities of the reed posses a poten-
tial capacity to tolerate and remain active at low oxyvgen levels. Presu-
mably the internal layer of reed crust is colonized permanently by facul-
tative anaerobes and microacrophiles and anaerobiosis mav occure ther
frequently. A characteristic interspecies metabolism of this reed-surface
community might be responsible for the fact that a number of isolates can-
not be maintained under laboratory conditions for long time and die out.
They cannot exist without their natural partners.

The composition of epiphvtic bacterial populations of these three com-
pared reeds proved not to be identical. A differentiation of epinhvtic bac-
terial communities in various bays of Balaton is induced by the local fac-
tors of these distinct trophic environments. Species and varietis adapted
better to these factors are selected by the locallv acting environmental
stresses. Differences were showed among the members (specins) of these
three communities both in taxonomic composition and in biochemical pro-
perties. According to our taxonomical analyses in progress certain types or
species of bacteria occur in all the three reeds. some only in two and others
only in one.

For example we detected considerable differences in the distribution
of strains of the three habitats according to their tolerance to moist heat
treatiment at 80 °C" and growth activities at a temperature of 45 “C'. Bac-
teria being able to tolerate 80 °C heat and to grow at 45 °C' occur in the reeds
of Kenese and the Bay of Bozsa. but not in the Bay of Keszthelv.

denerally. the individual epiphytic bacterial communities are charac-
terised by the predominance of a few species or types and the presence of
many sporadically occuring or less frequent ones. Predominantes oceur
generally in large masses. Probably these are responsible for chemical and
biological self-purification of streaming water above all. We have to con
centrate our attention to these species in the future.

On the basis of the data presented in Table 1. the physiological-hio-
chemical abilities of the strains isolated from the three crust habitats can he
compared. So it is conspicuous that only 219 of the strains of Kenese and
229, of these of Tihany were motile, but 66°, of the Keszthelv-Bay ones
were able to change their positions activelv to chemical stimuli. This may
be connected with the fact that in the highly polluted water of Bay of
Keszthely microbes are more frequently exposed to intensive positively
and negatively acting chemical influences (stimuli) and these force the
selection of flagellated forms.
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A certain correlation can be observed between the bhiochemical alili-
ties  and ecological tolerance of our strains and the characteristics of their
original, natural reedhabitat. The bacterial strains of the reeds of the Bay
of Bozsa are hiochemically more active and withstand wider ranges of eco-
logical stresses than those which were isolated from the Bay of Kenese, and
the strains of the Keszthely-Bay are in this respect the most potent orga-
nisms. This statement is corrohorated by the distribution of positive strains
(¢iven in percent) among the Balatonkenese-, Bozsa- and Keszthely-ones,
rvs'pm-ti\'('l\' regarding the th!l()\\'in«r tests: gelatinase activity: 509, 599,

72Y%,: arginine hvdrolysis: 389, 37%,. 529%,: casease u-ti‘;it_\': 489, 629%,.
649, oxidative (Iunmposltmn of Uluu)w 4490, 56%,, 74%,: fermentative
decomposition of glucose: 589, 599%,. 82%: ph()sph.itdse ac tl\ltv (‘)T"/, 1295
86°: acid production on NH,-salt-glucose medium: 53%,. 66%,. :(3”/{,:
¢growth in the presence of 119 \Tl( I: 279%, 41%,, 449%,; growth at 10eC:
T7%,.88%,. 989 : ete. All these led to the accurate conclusion, that in what
pmp()rti()n the pollution of Balaton water is increwsing inone region, in that
proportion increases the biochemical activity and tolerance of the epiphvtic
bacterial flora of reeds.

It is to be mention that the composition of the epiphytic microbial po-
pulation of the surface of the more than one year old reed differs from
that of the fresh read. It seems that certain types of bacteriu colonize only
reads of definite state and age.

One of the most important tasks of our investigations would bhe to cla-
rify the species structure of these epiphytic communities. This work is in
progress now with help of computer analysis.

On the basis of the results of water analyses (Table 2.) it seems to be ob-
vious. that in the water of reeds the dissolved reactive phosphorous, HCO,
and organic carbon concentration, as well as transparency of the water are
gradually decreasing, approximating the border line between the open wa-
ter and the reeds. This tendency is also shown in changes in the total amo-
unts of NH,;-N, NO,-N and dissolved iron futhermore in permanganate oxy-
gen (onmnnptmn. The measure of oxygen saturation, amount of floating
material, chlorophyll-a content, CO3 "~ concentration and temperature of
water of the reeds increase in the direction from the shore to the open wa-
ter. Such characteristic change in the concentration of phacopigments in a
given direction. cannot be established at all.

Important diurnal changes were measured in many water chemical
characteristics, as e.g. in pH. oxygen saturation, transparency, dissolved
reactive phosphorous, (O3, HC 0,7, NO,-N, NH,-N and also regarding
the water temperature. Besides th(xse. the diurnal amplitudo of these para-
meters is rapidly decreasing from the shore to the open water. This diurnal
rhytm may be caused by organic matter production and decomposition
processes. In daytime HCO; concentration of water decreases, its oxygen
saturation, pH and C (O ~0n(-entr wtion increases due to the intensive pho-
tosynthesis. At the same time vigorous biogen calcification reduces the
transparency of the water. At night organic material decomposing pro-
cesses dominate, oxygen saturation decreases, (0, arises and after this pH



10 FARKAS, 1.~ SZILAGYL F. TOTH, I .

Table I1.

Results of chemical analyses of water samples obtained from different zones of reeds in the
Bay of Bozsa

| Bordertine |
. Zone of Zone of | , Borderline |
Time Hydrocharis Fontinalis between open ‘ Open water

water and reeds

Water depth (em)

OBl |0T:-81:: BW-imermvwaasms 20 60 120 250
1A%, i sataeaa 20 60 120 250
09. 07. B8 o eremmmeie e 20 60 120 1 250
T4 . ooansasns wasmy 20 60 120 ‘; 250
10. 07. B30 TR | 20 60 | 120 ‘ 250

Floating material (g-m~3%)

08. 07. 81. 63 .. ........... 6.4 s 2.1 8.6
LA oo smameasammaie 151.0 4.1 5.4 6.6

09. 07, (o N R e 3.6 2.7 4.3 19.2
) L R 2.0 5.8 6.8 7.9

10. 07. e ‘ 3.3 | 43 | 5.2 15.2

Water temperature (°C)

08.:07::81s 8V ysapiarvena | 15.3 19.4 | 19.4 19.4
s 1 L 20.5 21.4 21.7 21.%

09. 07. 089 & smmrmaevasee } 16.9 21.0 21.2 21.6
149 casaueniazss \’ 20.5 23.4 23.4 23.5

10. 07. 630 18.3 21.5 | 21.9 22.2

YH

0850081 B Lvvoovsvmena 7.70 ! 7.83 i 8.24
LA swmasamsmesssas S.08 8.66 8.66

09. 07. BY ciasevraiRES 7.60 8.36 8.35
15— 9.00 8.71 8.71

10. 07. B30, nvenmanes s 7.58 8.00 8.17

Secchi transparency (em)

08..07..:8Y.. B . covenssnms: tan.* t.m. t.m. 74
L R — t.m. tan. S0 30
09. 07. B39, o t.m. tan. t.m. 60
L4999 it s o t.m. t.m. 98 30
10. 07. s S t.m. t.m. tamn. 72

Oxygen saturation (%)

0810728 B8 nawrmaeamas | 1] 4 74 | 126
1499 ciamvenhnins 65 130 110 115
09. 07. (S e LR 0 82 83 107
Y&Y ovmaameaans 65 128 130 120
10. 07. 630 innaiieeies , 0 | 35 | 52 104

Dissolved organie carbon ( ug-m—3%)

08. 07. 81. 6% ... ........ ' 11.0 10.0 9.3 9.3
1A% o snosmmns ‘ 9.3 8.3 9.0 | 8.3
09. 07. T 11.0 9.0 | 9.3 | 8.3

11 O 10.5 8.3 8.0 8.0
10. 07. 6 cowsmmamsens | 10.5 | 9.0 10.5 8.3
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Table 2. (Continued):
- Zone of Zone of Border line |
Time Hydrocharis Fontinalis between open
- | | water and reeds |
Dissolved reactive P (g-m~%)
08: 0781 0 woswmsnmsmns 0.043 0.014 | 0.004
1499, i 0.030 0.000 | 0.003
09. 07 (o3 R 0.091 0.009 0.005
AW . o v 0.030 0.008 ! 0.002
10. 07. 0% sy 0.052 | 0.009 0.004
NH;—N (g-m~%)
08; 0%:.:8%.. B2 . s 0.037 0.032 0.051
1499 s msmmvans 0.052 0.047 0.027
09. 07 68 o g 0.077 0.013 0.015
VAW = - 55 ioimmhieitin 0.024 0.017 0.017
10. 07 O oo e nmimme 0.037 0.014 0.037
NO,—N (g-m~3)
08. 07. 81 o SR g 0.009 0.022 0.018 |
{17 Lo S 0.000 0.000 0.000 *
09. 07 B8 o 0.017 | 0.007 0.018 |
B cnsssisnginis e 0.000 | 0.000 | 0.000 |
10. 07 L P I 0.022 0.018 | 0.023 |
COZ~ (g-m—3)
08: 07. 8L B¥ cevamavmuia 0.0 0.0 | 0.0
VAR o 0.0 9.0 15.0
09. 07. ) 0.0 12.0 15.0
149 oo srommasovmns 21.0 12.0 12.0
10. 07 Bt s 0.0 1.8 3.0
HCO7 (g-m~—3)
08. 07 8L. @3 wvaweumne v 259.3 244.0 231.8
|17 L L PR 256.2 210.5 192.2
09. 07 630, o e ame 253.2 204.4 170.8
1499 osriaavasiacsiaan 192.2 210.5 | 213.5
10. 07 B30 o G s e 244.0 222.0 I 213.5 !
Chlorophyll —a (mg-m—3%)
0807, 81s 8™ e cmeommanecs 3.6 1.7 1.3
1499 o vvmmsmonss 3.9 4.4 6.5
09. 07. B30 s e 0.0 1.3 0.6
L4 s s s 0.0 0.2 0.8
10. 07 O memimiossreremsiove 0.4 0.9 0.0
Phaeopigment (mg-m=—3)
08./07. 81, BB, . e ememmots 9.1 4.7 4.6
YAW o oaesisamaens 25.2 4.3 2.4
09. 07. 080 isvasasaaiay 4.9 3.7 4.4
L 5.7 6.2 5.1
10. 07. O s e 3.3 3.4 3.6

111

Open water

0.002
0.004
0.002
0.000
0.005

0.003
0.000
0.027
0.000
0.032

0.012
0.000
0.000
0.000
0.014

18.0
15.0
30.0
15.0
18.0

195.2
192.2
146.4
207.4
180.0

B e ol
O~ St o

10.0

10.0
3.2
3.8
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Table 2. (Continued):

= Zone of Zone of Border line
Fime Hydrocharis Fontinalis between open Open water
water and reeds

COD yq,, (g-m—?)

O8: 07 B, 6% .. ceoinnas | 10.2 5.2 6.0 6.4
1499 . s capwmemiszs 20.2 3.0 6.6 | 6.7
09, 07, i R R S 7.0 3] 5.6 6.0
T4 o it e 6.8 6.4 6.0 62

10. 07. B39 s i e maoies 9.9 6.1 7.4 7.0

Total dissolved iron (g-m~%)

O8: 07::8): B9 suusiaseaive 0,030 0.000 0.004 0.004
149 ... 0.032 0.000 0.005 0.008
09, 07. 030 . eimeesee 0.042 0.014 0.006 0.003
Y 20 0.021 0.004 0.009 0.010

10, 07. 039 oS ianng 0.034 0.008 0.012. | 0.005

* L ttansparencey to the mud-surface

of the water decreases as well. Biogen lime partly dissolves again. concent-
ration of HC'O; increases and transparency of water rises.

Reeds are very complex biological systems showing rapid changes in
biochemical activities both in time and space. It is interesting, that the reac-
tive phosphorous does not emerge in measurable quantities from the reeds
to the open water (Figure 1.). Streaming of ammonia and nitrit into the

pace-time dist tian of P €

0 ¢
e
-0.03

|

|

|

|

I

I

|

J—f————— T [ -Zone of Hydrocharis

7
/ Zone of Fontinats
7/
v 4
/] ~ Border line between open water
7 and reeds
7
T T T 1~ Oper water
Time: 839 1,00 3¢ 1400 ¢

8 6
Daote. 0807 0807. 1007
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direction of open water is possible only at night. The streaming of dissolved
phosphorous is limited by the reactive phosphorous uptake of living orga-
nisms and by the phosphate binding activity of CaC'O); precipitate arising
by (O, uptake during photosynthesis. The biological and chemical self-
purification mechanisms of Balaton-water in reeds-filter must be studied
in more detail in the future.

Fig. 1 Diagrammatic representation of the results of chemical ana-
Ivses of water samples obtained along a cross-section of reeds in the Bay of
Bozsa.
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