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Abstract — During the vegetation period of 1962, 1963, 1964 the fluctuations in numbers
of acrobe and anacrobe soil microorganisms have been investigated in eighteen localities of eight
plant comynunities differing in soil moisture contents on the alluvial meadows of the Morava
and Dyje rivers valley in the neighbourhood of the village of Lanzhot. The amount of soil micro-
organisms changes specifically during the vegetation period under individual plant communities.
The changes of the amount of organisms are closely bound with floods and soil moisture contents.
The absolute numbers of organisms are different in the years 1962, 1963, and 1964, but the basic
tendencies of changes under individual plant communities and during vegetation period are
the same.

The natural meadows of temporarily inundated areas of the lower river
courses in the southern parts of Czechoslovakia are now situated mainly
in the regions of the Morava and the Dyje rivers in South Moravia and the
Ipel and the Sland rivers in South Slovakia.

These roughly correspond to the maize production zones of the agricultural land classification
scheme, to the Ulmo-Fravinetum or Querco-Ulmetum of the potential natural vegetation and to
the Pannonicum of the phytogeographic classification. Macroclimatically, these arcas are character-
ized by hot dry summers and mild winters.

Soils of these meadows are alluvial: they are low humic gley and humie gley soils. Generally,
the productivity and very often also the quality of hay originating from plant associations of
inundated meadows is higher than the productivity of plant associations of other tvpes of mea-
dows (BavATovA 1966), but owing to recent technical projects their future existence is uncertain.

These meadows play an important part from the landscape organization point of view, be-
cause in the periods of flood or high water level in the river (during snow melting and spring,
summer, or autumn rain periods) the meadows exercise a function of reservoirs of superfluous
water.

All this prumptod an ecological model research programme of the Botanical Institute of the
Czechoslovak Academy of Sciences. On the inundated meadows near the village of Lan?hot at
the confluence of the Morava and the Dyje rivers, the synecological studies of a hydroseries of
plant communities (BALATOVA 1966, unpublished) were conducted and followed by a comparative
study concerning the microbiology of the soils.

Similar studies by other authors in the mierobiology of meadow soils under different plant
communities, were based on the comparison of the numbers of microorganisms found in the soil
samples collected on a single date only (KLINCARE 1961, ZIMNA et Zmmny 1962, GUurreL 1962,
JaeNow 1961, AMBrOZ et BALATOVA 1962). Another type of approach to the study of soil micro-
bial processes and their functional significance in the flooded meadows is represented by labo-
ratory model experiments of MITCHELL et ALEXANDER (1962). Summarization of microbiological
processes concerning N-metabolism in meadow soils was given by HARMSEN ct SCHREVEN
(1955).

It was considered useful to compare the microbial populations existing
under characteristic plant communities of the meadows by analysing samples
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collected periodically during several years in order to etablish the relations-
hips between the water regime, the plant production and the soil microbio-
logical populations.

Materials and methods

The situation of the habitats investigated is shown in the study map I. The climate of the
region is warm and dry, as shown by the fifty year averages for temperature and for total annual
precipitation.

Temperature Total annual
Meteorological station of the air (°C) precipitation (mm.)
Bfeclav 550
Lednice 9.0 524
Hodonin 9.5 585

Periods of drought are a regular feature.

Soils of flooded areas are generally formed by humic gleys with underlying layers of alluvial
deposits of Recent Epoch origin.Gleic layers in the lower part of the soil profile are very compact and
impermeable both to air and water. The total water supply, important for the growth of plants
during the rainless periods in this region (ULERLA, ZIcHOVA et BaXocH 1965), mainly depends
on the duration of the floods and the depth of the impermeable layers. The position of water
ferrous clay beds differentiates the water regime of the habitat and the vegetation mosaic. The
soils are heavy, with a high clay content. and are rich in mineral salts. The humus content varies
from 4.5 to 11.7 per cent of dry soil; the pH H,0O ranges from 5.5 to 7.2. Deep synecological
characterization of the habitat has been carried out by BanAtovA (1966, unpublished).

During the years 1962 to 1964 conditions at 18 sites under 8 characteristic plant communities
were studied, showing differences in the soil water regime as well as in the amounts of vegetal
matter produced per unit area.

1. The Serratuleto-Festucetum commutatae association BALATOVA-TULACKOVA 1963 is typical
for the driest soil conditions in the investigated area. The production of hay is 1 to 2 metric tons
per hectar/year.

2. The Galtum boreale subassociation of the Gratiola officinalis-Carex praecor-suzae association
BavATovA-TuLACkovA 1963 has been found in places moister than those mentioned above.
There is a lower content of soil organic matter in the upper part of the soil profile than in the
soils under the wet-type plant associations. The production of high quality hay varies from
3 to 5 metric tons per hectar/year.

3. The association of Gratiola officinalis and Carex praecox-suzae, subassociation with Rorippa
silvestris BALATOVA-TULA¢ROVA 1963 is the final member in this series typical for the more or less
dry soil conditions. It produces 3 to 5 metric tons of high quality hay per hectar/year.

4. The Lathyrus paluster-Gratiola officinalis association BALATovA-TurLAdkovA 1963 repre-
sents a transitional type between the dry and the wet habitats. The production of good quality
hay ranges from 3 to 5 metrie tons per heciar/year.

5. The Caricetum vulpinae association NoviNskr 1927 is characterized by high soil moisture
and by the productivity of about 5 metric tons per hectar/year.

6. The Caricetum gracilis association (GRAEBN. et Hurck 1931), TUxeN 1937 also represents
a plant community typiecal of bogs, with correspondingly high soil moisture. The production of
bedding straw amounts to 5 metric tons per hectar[year.

7. The Phalaridetum arundinaceae association LiBperT 1931/32 can also be found in places
with a high water table. The upper parts of the soil profile contain great amounts of undecom-
posed organic material. Meadows of this type, when mown at early stages of plant development,
yield about 7 metrie tons of good quality hay per hectar/ycar.

8. The association with Glyceria marima — Glycerictum maximae GRAEBN. et Hupck 1931 —
occurs regularly in depressions with a high water table for a greater part of the growing season.
The gleic horizon is situated high in the soil profile. The decomposition of organic materials
proceeds for a considerable time under anacrobic conditions. The production of dry organic
matter is high, about 9 metric tons per hectar/ycar.

Soil samples were collected on 5 occasions in 1962, 1964 and on 4 ocecasions in 1963. Somoe of
the sampling sites were inaccessible during the floods in 1962.
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a) The first collection of soil samples was effected after the flood,

b) the second one during the most productive phase of the plant communities,
¢) the third one during the dry period in the summer,

d) the fourth one in the autumn period when the soil moisture was higher.

Soi moss: - 100 %

_ﬂmrr—rr_ 0t w0

Nof org sol
0° 20+ 8oy matt.

I 0+ 70

bp+ 60

50+ 50

60+ 40

0+ 30

20

1 2 3 4 § 6 7 8

Fig. 1. — Averages of dry matter content IR, of the moisture content [__] and of the numbers
of all soil microorganisms [T found in soil samples collected on 14 to 16 occasions during the
years 1962 to 1964 in eight plant communities: 1. Serratuleto-Festucetum commutatae, 2. Gratiola
offictnalis-Carex praecox-suzae subas. with Galtum boreale, 3. Gratiola officinalis-Carex praecox-
suzae subas. with Rorippa silvestris, 4. Lathyrus paluster-Gratiola officinalis, 5. Caricetum vulpinae,
6. Caricetum gracilis, 7. Phalaridetum arundinaceae, 8. Glycerietum maximae.

The numbers of microorganisms present in the samples were estimated from fresh soils by
standard dilution techniques, using Taylor’s agar for acrobic and anaerobic bacteria, Thornton’s
ngar for the actinomyecetes and Czapek’s agar for the lower fungi. The microbiological analysis
was carried out in 24 hours after soil sampling.

Results and discussion

The average counts of all microorganisms found in the soils under the
individual plant communities on all sampling occasions are shown in Fig. 1.
As expected, it can be seen from this figure that the lowest values of the
average dry matter content of the soils characterize the plant communities
as typical for wet habitats. It is in these plant communities where the highest
average counts of all soil microorganisms were found. Low average number
of all microorganisms and high average dry matter contents are characteristic
of dry-type plant communities. The plant communities studied in the present
work form the following series according to the increasing average counts
of all microorganisms:

Serratuleto-Festucetum commutatae, Gratiola officinalis-Carex praecox-suzae,
subassoc. with Galium boreale, Gratiola officinalis-Carex praecox-suzae, sub-
ass. with Rorippa silvestris, Lathyrus paluster-Gratiola officinalis, Caricetum
vulpinae, Caricetum gracilis, Phalaridetum arundinaceae, Glycerietum maximae.
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the years 1962 1T, 1963 M and 1964 . The numbering of plant communitics as in Fig. 1.
I s0il moisture.

Nofoy 10°
160 J
0l
l

0 11962 196311964 19621196.3\1964

4 |1962)1963\19641962\196 31196 4

festcomm'  Grat off - Garpr  Llathyrpal ' Carvup ' Cargr  Phalar arund Gycer mex’
Gal bor Ror.sily.
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studied in the years 1962 [T, 1963 Hll® and 1964 [ ]. The numbering of the plant commu-
nities as in Fig. 1.
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The relationship as shown in Fig. 1 should thus make it possible to classify
the plant communities with respect to the water regime of the soils by consi-
dering average counts of all soil microorganisms.
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Fig. 4. — Changes in dry matter content of the soil and in the total numbers of all soil micro-

organisms in the plant community Serratuleto-Festucetum commutatae during the years 1962
to 1964.

Figs. 2 and 3 show averages of the dry matter percentage of fresh soil and
of the numbers of all microorganisms characterizing the respective plant
communities for three consecutive years, 1962 to 1964.
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Fig. 5. — Changes in dry matter content of the soil and in the total numbers of all soil micro-

organisms in the plant community Gratiola officinalis-Carex praecox-suzae subassociation with
Galium boreale during the yoars 1962 to 1964.

Differences in the values given for the three years, in particular with
respect to the dry-type plant communities, mirror the different meteorological
conditions. Flooding occured twice between March and June in 1962 and the
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soil moisture remained relatively high throughout the year. In 1963 the dura-
tion of the floods was about normal (10 to 20 days) and the average soil
moisture was generally lower than in 1962. In 1964 the floods lasted only
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Fig. 6. — Changes in dry matter content of the soil and in the total numbers of all soil micro-
organisms in the plant community Gratiola officinalis-Carex praecor suzae subassociation with
Rorippa silvestris during the years 1962 to 1964.

a few days and the average soil moisture was considerably lower than in the
two preceding years. Differences for the respective years, dependent on weather,
were not observed in plant communities of habitats with a lasting high

Noforg 70°
| %
3o -1~ | sol drymalt
1 - 100
9
200 /-
-1
. L 60
=50
100 — 40
4 -30
= ~-20
™ )
0

L e o s e T R B S LR T 1777¥!|‘|'L kT Vi T
KX NNV IIXXXXD 0V VX X XX 00 Y Vv X X Xi i
1962 1963 1964

Fig. 7. — Changes in dry matter content of the soil and in the total numbers of all soil micro-

organisms in the plant community Lathyrus paluster-Gratiola officinalis during the years 1962
to 1964,

water table, i.e. Caricetum vulpinae, Caricetum gracilis, Glycerietum maximae,
Phalaridetum arrundinaceae.

The highest average numbers of all soil microorganisms were found in the
year 1963, when the productivity of the plant stands also at its maximum.
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Map I. — Places of investigation (@)






It is very important for the respective control exploitation of these meadows.
Although the three year averages showed an increase in numbers of soil
microorganisms with increasing soil moisture, their average numbers were
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Fig. 8. — Changes in dry matter content of the soil and in the total numbers of all soil micro-
organisms in the plant community Caricetum vulpinae during the years 1962 to 1964.

lower in 1962 than in 1963 in spite of the higher average soil moisture in 1962.
This shows that in 1962 the average soil moisture was higher than the optimal
one for both the growth of plants and the reproduction of soil microorga-
nisms.
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Fig. 3. — Changes in dry matter content of the soil and in the total numbers of all soil miecro-
organisms in the plant community Caricetum gracilis during the years 1962 to 1964,

In Figs. 4 to 11 the data for the dry matter contents of the soils and for
the totals of all microorganisms (bacteria and actinomycetes) found on the
individual sampling occasions during the three years, are presented sepa-
rately for various plant communities. The data show a great variation in the
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characteristics studied. A considerable part of these variations is caused by
the differences in the average soil humidity under the different plant com-
munities. The prevailing conditions on the day of sampling or on the preced-
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Fig. 10. — Changes in dry matter content of the soil and in the total numbers of all soil miecro-

organisms in the plant community Phalaridetum arundinaceae during the years 1962 to 1964.

ing days appear to be even more important; these cause great differences
in results obtained on the consecutive sampling ocecasions.

Particularly after floods it was observed that an explosion-like increase
in the numbers of soil microorganisms took place under the plant commu-
nities of both the dry and the wet habitats during all the three years.
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Fig. 11. — Changes in dry matter content of the soil and in the total numbers of all soil micro-

organisms in the plant community Glycerictum maximae during the years 1962 to 1964.

The data for dry matter contents on the 19th and 29th of June 1962
demostrate how quickly the soil moisture conditions are restored after the
flooding has receded. On the 19th of June the plant communities 2, 3, 4,
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and 5 were flooded and the dry matter content of the respective soil samples
was therefore low. Ten days later the dry matter content of the soil samples
had increased by about 10 per cent. The change in the soil moisture was
accompanied by a pronounced increase in the numbers of soil microorganisms
and was closely followed by a rapid regeneration of the plant stands.
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Fig. 12. — Changes in the numbers of aerobi¢ —————— and anaerobic -~ — — — microorga-
nisms in the soils during 1962. The numbering of plant communities as in Fig. 1.

A transient high increase in the numbers of soil microorganisms is inevi-
tably accompanied by a corresponding increase in the rate of metabolic
transformations of the organic matter present in the soil. The influence of
floods on the soil microbial populations was studied under laboratory condi-
tions by MiTcHELL et ALEXANDER (1962). These authors arrived at the
conclusion that flooding of meadow soil results in pronounced changes in the
numbers of the microbial populations. The floods exert a profound influence
on the microbial populations of the soils by changing their aeration and
their biogeocycles. In flooded soils the relative numbers of anaerobic bacteria
increase and those of the aerobic bacteria decrease. This is illustrated by the
field data obtained in 1962 (Fig. 12). The experimental area was flooded
in March and April, and then again during the end of May and the beginning
of June. In the case of three plant communities of the driest habitats, i.c.
Festucetum commutatae and both subassociations with Gratiola officinalis
and Carex praecox-suzae the numbers of anaerobic bacteria in the soils were
lower than those of the acrobic ones during the whole year. But during the
period of floods the anaerobic bacteria in the soils under the remaining five
communities were present in considerably higher numbers than the aerobie
ones.

The microbial processes in flooded soils may be influenced by other factors
besides the changed aeration. MITCHELL et ALEXANDER (1962) have shown
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that application of sulphur-containing compounds to the flooded soils
increases the utilization of soil organic matter. The decomposition of organic
matter is in this case related to the metabolic transformations of the sulphur-
containing compounds. According to MITCHELL et ALEXANDER, in flooded
meadow soils, substances with antifungal activity are produced which have
beneficial effects on the health status of the soil microbial population.

Figs. 4 to 11 illustrate the differences between various plant communities
encountered in the range of variation (ecological amplitude). Whilst the data
for the plant communities of the dry habitats show a relatively narrow
range of variation, the data for the plant communities of boggy habitats
show a much wider scattering. This is true for the variation in the numbers
of soil microorganisms. The rates of microbial processes taking part in the
soils of dry habitats are thus characterized by a greater stability than those
in the soils of habitats with a higher average soil moisture.

The degree of variation of the data obtained on different sampling occasions
clearly demonstrates the profound changes in the microbial populations.
Single samples are therefore likely to be unreliable as general indicators of
overall processes. Attempts to compare microbial populations in soils under
different plant communities, based on an analysis of samples collected on
a single occasion, appear to be unjustified. Regular sampling extended over
several years should provide not only sufficient data for a more relevant
classification of plant communities, with respect to microbial data, but
should also provide additional information about the range of variation to be
expected for the respective habitats and the particular conditions of the
water regime.

Souhrn

V prube&hu let 1962, 1963 a 1964 v luzni niveé feky Moravy a Dyje v katastru obce LanZhot byla
studovédna pidni mikrofléra na osmnécti lokalitdch u osmi riznych luénich rostlinnych spole-
¢enstev, které se mezi sebou lidi pfedeviim vlihkostnimi podminkami stanovisté. Fytocenologické
zpracovani a synekologicky vyzkum téchto stanovist provedla BavATovA-TurLA¢xovA (1966).
Pudni mikrofléra byla studovana u téchto spole¢enstev:

. Serratuleto-Festucetum commutatae Bav.-Tur. 1963

. Gratiola officinalis-Carex praecox-suzae subas, s Galium boreale Bav.-Tur. 1963

. Gratiola officinalis-Carex praecox-suzae subas. s Rorippa silvestris Bar.-Tur. 1963
. Lathyrus paluster-Gratiola officinalis Bar.-Turn. 1963

. Caricetum vulpinae NowIiNskrt 1927

. Caricetum gracilis (GRAEBN. et Hurck 1931) Tx. 1937

. Phalaridetum arundinaceae LIBBERT 1931

. Qlycerietum maximae GRAEBN. et Hurck 1931

W ~I DB N~

Bylo zjidténo, Ze mnozstvi 1 kvalita mikroorganismi se 1isi pod jednotlivymi rostlinnymi spo-
leCenstvy. Nejpronikavéjdf zmény v poétech pudni mikroflory nastavaji béhem zéplavy a po
zaplavé, Po opadnuti zdplavové vody nastdavé u viech spole¢enstev populaéni vybuch aerobni
mikroflory.

Pocet organismu 1 produkee jednotlivych spoleéenstev se znaéné 1isi v jednotlivych letech a je
zase silné ovlivnén délkou a éetnosti zaplavy. Celkova tendence zmén pudni mikrofléry béhem
vegetacniho obdobi u jednotlivych rostlinnych spoletenstev zustavd v jednotlivych letech
obdobné, a¢koliv poéet organismi je ruzny.
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