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Abs t1 r act; - During the veget a tion period of 1962, Ul63. 1964 thr> fluctuations in numbers 
of aerobe and anaerobe soil rnicroorganis1m; have boon invest1igat<x l in eighteen localities of eight, 
plant communities differing in so il moisture contents on the alluvial meadows of tho lVIorava 
and Dyjo rivers valley in the n e ighbourhood of the v illage of Lanzhot. Tho amount of soil micro
organisms ch a nges Ap e<'ificalJy during t he vegetation p eriod under individual p lant communities,. 
The changes of the amount of organiAms are closHly bound with floods and soil moisture con tents. 
The absolute numbers of organiAm s aro diffe r en t in the years 1962, 1963, and 1964-, but t.l1e bas;ic 
t endencies of changes under individual plant communities and dur ing v eget ation 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 Slan~-t rivers in South Slovakia. 

These roughly cor respond to the rn.aizo production zones of t h e agricultural la nd classification 
sch eme, to the Ulmo-Prnt·'inetnrn or Qnerco- U lrnetum of t lw pot,en t ia l n a tural vPgetation a rnl to 
the Pannonicum oftlw phytogoographic claAs ification. Manoclimatically, these a reas a r e character 
izcrl by hot dry sum1nerR and mild winters . 

So il s of tho~w meadmvs are alluvial; they arc low lrnrnic glcy a.ml hnmic gley soils . Generally, 
t lie productivity and vory often ttl:.;o the qua lity of h ay orig inat,ing from plant associations of 
inundated m eadows is highor t h a n tlw productivity of plant association s of other t,vpes of mea
dows (BALATOVA Hl66), but owing to r ecent technical projects th e ir future ox ist,ence is uncertain. 

These meadows play an important part from the landscap e organization point of v iew, be
ca use in the p eriods of flood or high water level in t·h e river (during snow m elting and spring, 
summer, or autumn rain periods ) t h e meadows exer cise a flmction of reservoirs of superfluous 
water. 

All this prompted an ecological moclel research progr a mme of the Botanical Institute of the 
Czechoslovak Academy of Sciences. On the inundated m eadows n ear the village of Lanzhot at 
the confluenco of the Morava and the Dyje rivers, the syn ecological studies of a h y droseries of 
plant comm unit ies (BALATOVA 1966, unpublish ed) were conducted and followed b y a comparative 
study concerning the microbiology' of the soil s . 

Similar studies b y other authors in the microbiology of m eadow soil s under differ ent, plant 
communities, were based on the comparison of the numbers of microorganisms found in the soil 
samples collect e d on a single date only (KLINCARE 1961, ZIMNA et ZIMNY 1962, GURFEL 1962, 
.JAGNOW 1961, AMBROZ et BALATOVA 1962). Another t y p e of approach to the study of soil micro
bial processes and their functional significan ce in the flooded m eadows is r epresent ed by labo
ratory model exp eriments of MITCHELTJ et ALEXANDER (1962) . Summarization of microbiological 
processes con cerning N -m etabo1ism in meadow soils was given by HARMSEN et 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 m e thod s 

The situation of the habitats invest igated is shown in tlu-i sturly map I. The climate of the 
region is warm and dry. as shown by tho fifty yoar nveragcs for ternpuratw·e and for total annual 
precipitation. 

l\'Icteorological sttl.tion 

Bfoclav 

Lednice 

Hodonin 

Periods of drought are a r egular foaturo. 

Temperature 
of the air (°C) 

9.0 

9.5 

Total annual 
precipitation (mm.) 

550 

524 

585 

Soils of flooclod areas are generally formed by humic gleys with underlying layers of alluvial 
deposits of Recent Epoch origin.Gleic Jayors in the lower part oft ho 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 r egion (ULEHLA, Z1cRov.A et BA:NocH 1965), mainly depends 
on the duration of the floods and tlrn depth of the impermeable layers. The position of water 
ferrous clay beds differentiates the water regime of the habitat and the vogetation mosaic. The 
soils are heavy, with a high clay content, and aro rich in mineral salts. The humus content varies 
from 4.5 to 11.7 per cent of dry soil; tho pH HiO ranges from 5.5 to 7.2. Deep syneoological 
characterization of the habitat has been carried out by BAr,A.TovA. (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 r egime as well as in the amounts of vegetal 
matter produced p er unit area. 

1. The Serratuleto-Festucelum commutatac assoeiation BALATOVA -TtJLACa<:ov.A 1963 is typical 
for the driest soil conditions in the investigated area. Tho production of hay is 1 to 2 metric tons 
per hectar/year. 

2. The Galium boreale subassociation of the Gratiola ojficinalis-Carex praecox-suzae association 
BAr,_(Tov.A-T u r,A.cKovA. 1963 has been found in places moist er 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 m etric tons p er h ectar/year. 

3. The association of Gratiola ofjicinalis and Carex praecox-sttzae, subassociation with Ron.ppa 
silvestri.<J BALATOVA.-Tu LA.cKovA. 1963 is the final m ember in this series typical for the more or less 
dry soil conditions. It produces 3 to 5 metric tons of high quality hay per h ectar/year. 

4. The Lathyrus paluster-Gratiola officinalis a ssociation BALATovA.-Tur.,A.cKovA. 1963 repre 
sentR a. transitional typo b etween the dry and the wet habitats. The production of good quality 
hay ran ges from 3 to 5 m etric tons p er h ectar/ye ar. 

0. The Oaricetum vulpinae association NovrNSKI 1927 is characterizo<l by hig h soil moiRture 
arnl hy the productivity of about 5 metric tons p er hodar/year. 

6. The Caricet1lm yracili.<r association (GitAEBN. et H uECK 1931), T OXEN 1937 also represents 
a plant communit.y typical of bogs, with corrosponclingly high soil moisture . The prodw~tion of 
b r•dding straw amounts to 5 metric tons per hoctar/yoa,r . 

7. The Phalaridetum arundinaceae association LnmERT 1931/32 can also be found in places 
with a high wator table. The upper parts of the soil profile contain great amounts of urulC'com 
poscd organic material. Meadows of this type, when mown at early stages of plant development, 
yield about 7 m etri c tons of good quality hay per h octar/yoar. 

8 . Th0 a ssociation with Glyceria maxima - Glyceriet11m maximae GrtAEBN. et H UECK 1931 -
occurs regularly in d epressions wit h a high water table for a greater part of the growing season. 
The gleic horizon is situated high in the soil profile . Tho decomposition of organic materials 
proceeds for a considerable tirn <) under anacrohic conditions. Th e production of <lry organic 
matter is high , a.bout 9 metric tons per hcctar/year . 

Soil samples were collect ed on 5 occasions in 1962, 1964 and on 4 occasions in 1963. Somo of 
the samplin g s ites wero inaccesRihlA during tho floods in 1962. 
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a) The first collection of soil samples was offect ecl a fter the flood, 
b) the second one during the most product.ivc phase of the plant communities, 
c) the third one <luring the dry period in t lte smnmor, 
d) the fourth one in the autumn period when the soil moisture waF> higher. 
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Fig. I. - Averages of dry matter content - , of the moisture content D and of the numbers 
of all soil microorganisrns filI[i] fowul in so il samples collected on 14 to 16 occasions during the 
years 1962 to 1964 in e ight plant communities : I. Serratuleto-Festucetum commutatae, 2. Gratiola 
officinalis-Carex praecox-suzae subas. with Galium boreale, 3. Gratiola officinalis -Carex praecox
imzae subas. with Rorippa silvestris, 4. Lathyrus paluster-Gratiola officinalis, 5. Caricetum vulpinae, 
6. Caricetum gracili~, 7. Phalaridetum arundinaceae, 8. Glycerietnm maximae. 

The numbers of microorganisms present in the samples were estimated from fres)l soils by 
standard dilution techniques, u sing Taylor's agar for aerobic and anaerobic bacteria, Thornton's 
11,gar for the a ctinomycetes and Czapek's agar for the lower fungi. The microbiological analysis 
u•as carried out in 24 hours after soil sampling. 

Res ult s 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-F estucetum comm1ttatae, Gratiola officinalis-Carex praecox-suzae, 
subassoc. with Gal1:um 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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Fig. 2. - AvoragoR of dry matter content of the soils in the eight plant communities studied for 
the years 1962 iifiliII, 1963 - and 1964 c:J. The numbering of plant communitica as in Fig. 1. 
I soil moisture. 
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Fig. 3. - Averages of the numhers of a ll microorganiHmR in the so ils undf-' r the plunt co rnrnunitieH 
studied in the years 1962 illIIITl, l963 - &ml 1964 CJ . Tho numbering of the plant commu
nities a s in Fig. 1. 



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 tho soil and in the total munbors of all soil micro
organisms in tho plant community Gratiola ofjicinalis-Oarcx praecox-suzae subassociation with 
Galium bOJ·eale 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 flood s 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 number s of all soil micro
organisms in the plant community Gratiola ofjicinalis-Carex praecox 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 
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Fig. 7. - Changes in dry matter content of the soil and in the total numbers of all soil miero
organisms in the plant community Lathyrus paluster-Gratiola officinalis during the years H~62 
to 1964. 

water table, i.e. Caricetum vulpinae, Caricetum gracilis, Glycerietum maximae, 
P halaridetum 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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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 ancl in the total numbers of all soil micro
organisms in the plant community Oaricetum 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. 

N.ofor;. 10 1 

300 

zw 

% 
soil dry matt. 

100 
JO 
80 
v--

60 
50 
w 
JO 
20-
10 

0 ,.....,._.,-,-,__,...,_'+-r'~-rr--.-.-,-,r-r>-.--+-.,.-L,--~-....~-.--1r---1-T_._,__,~~,._,_,...--J 0 
XI Xi I I ii IV V VIV//Vll/IX X XJ XII I /I I// IV V VI Vl/Vlfl/XXJJX/l I I/ Ill IV V VI VII VllX X XI XII 

!962 1963 1964-

Fig. :). - Changes in dry matter content of the soil and in the total numbers of all soil micro
organisms in the plant community Oaricetum 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 pla.nt 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 -

Notorg 10' 

300 

200 

100 

0 
XJ XJI I II Ill IV V VI VII/IX IX XXI XII I II Ill IV V VI VllVllX X XI XIII II Ill IV V YI VHVH//XXXJXll 

1962 1963 1961/ 

% 
soil dry matt 

100 
!JO 
~o 

10-
60 
50 

30 
20 
10 
0 

Fig. 10. - Changes in dry matter content of the soil and in the total numbers of all so il micro 
organisms in the plant community Phalaridetum arundinaceae during the years 1962 to 1964. 

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

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 so il and in the t otal numbf'r s of a ll so il rnicro 
organisms in tho p lant community Glycerietum rnaxirnae during the years 1!)62 to HW4. 

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 sample~ 
had increased by about 10 per cent. The change in the soil moisture was 
accompanied by a pronounced increase in the numbers of soi l microorganisms 
and was closely followed by a rapid regeneration of the plant stands. 
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Fig. 12. - Changes in the numbers of aerobic and anaerobic - - - - microorga -
nisms in the soi ls during 1962. The numbering of plo.nt 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 ( 1062). 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 biogeocycleH . 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 19()2 (Fig. 12) . The experimental area was Hooded 
in March and April , and then again during the end of May and the beginning 
of J·une. In the case of three plant communities of the driest habitats, i .e . 
Festucetum commutatae and both subassociations with Gratiola officinalis 
and Carex praecox -suzae the numbers of anaerobic bact eria in the soils were 
lower than those of the aerobic 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 aerobic 
ones. 

The microbial processes in flooded soils may be influenced by other factors 
besides the cha.nged aeration. MrrCHELL 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 prubehu let 1962, 1963 a 1964 v lufoi nive feky Moravy a Dyje v katastru obce Lanz.hot byla. 
studovana pudni mikroflora na osmnacti lokalitach u osmi r11znych lucmich rostlinnych spole
c·enstev. ktere se m ezi sAbou liSi predevsim vlhkostnimi podminkami stanoviste. Fytoccnologicke 
zpracovani a synekologicky vyzkum techto stanovisf, provedla BALATOV.A-TULACKOVA (1966). 
Pudni mikrofl6ra by la studovana u techto spolecenstcv: 
I. Serratuleto-Festucetum commutatae BAL.· TuL. 1963 
2. Gratiola ofjicinalis-Carex praecox-snzae subas. s Galium boreale BAL. -TuL. 196.3 
3. Gratiola ojficinalis-Carex praecox-snzae subas. s Rorippa silve.stris BAL.· TuL. 1963 
4. Lathyrus paluster-Gratiola ofjicinalis BAL.-TuL. 1963 
5. Caricetttm vulpinae NOWINSKI 1927 
6. Caricetum gracili~ (GRAEBN. et HuECK 1931) Tx. 1937 
7. Phalaridetum arundinaceae LrnBERT 1931 
8. Glyceriet"m maximae GRAEBN. et HuEcK 1931 

Bylo zjisteno, fo mnofatvi i kvalita mikroorganismu se liSi pod jednotlivymi rostlinnymi spo
lecenstvy. N ejpronikavejsi zmeny v poctech pudni mikrofl.6ry nastavaji b ehem zaplavy a po 
zaplav{). Po opadnuti zaplavove vody nastava u vsech spolecenstev populacni vybuch aerobni 
mikrofl6ry. 

Pocct organisrnu i prodnkce jednotlivych spolecenstev se znacne lisi v jednotlivych letcch a je 
~ase silne ovlivnen delkou a cetnosti zaplavy. Celkova tendence zmcn pudni mikrofl6ry br~hem 
vegetaeniho obdobi u jednotlivych rostlinnych spolecenstev zustava v jcdnotlivych let ech 
obdobna, ackoliv pocet organismu je ruzny. 
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