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ORGANIC CARBON CYCLE, INCIDENCE
OF MICROORGANISMS AND RESPIRATION ACTIVITY
IN LONG-TERM FIELD EXPERIMENT

CYKLUS ORGANICKEHO UHLIKU, VYSKYT MIKROORGANISMU
A RESPIRACNI AKTIVITA V DLOUHODOBEM POLNIM POKUSU

J. Kubit, J. Novakova, O. Mikanova, R. Apfelthaler
Research Institute of Crop Production, Praha-Ruzyné, Czech Republic

ABSTRACT: In order to determine long-term effects of organic and mineral fertilisers on soil organic matter, soil micro-
organisms and their activity and further soil properties, Novék has started a small plot field experiment in 1958. To eliminate
the effect of cultivated plants, he decided to carry out this experiment as a bare fallow. The experiment was founded on
Luvi-haplic Chernozem in Prague-Ruzyné. It consists of seven variants. Soil samples have been taken twice a year till 1979
and once a year since that time. Several chemical and microbiological analyses were performed over the whole time of the
experiment. The long-term data basis of this experiment was used to evaluate organic and mineral fertilisation on the total
carbon dynamics in soil, respiration activity, biomass and the incidence of soil microorganisms in soil. High doses of organic
manure increased the soil organic carbon content. The carbon accumulation in these plots proceeded for about 13 years (1958
to 1971, the first time period). During this time period, the effect of organic manure on the carbon content in soil was
approximately additional. Exponential and polynomial regression curves showed, however, a better correlation coefficients.
None of these functions reflected the increasing mineralisation rate of the already present organic matter in soil. Later (1972
to 1989, the second time period), there was no further apparent carbon accumulation. A steady state equilibrium can be
supposed in this time period, which might be characterised by a slightly declining regression line. Accumulated organic matter
decomposition occurred later on, when no further manuring was applied (1990 to 1998, the third time period). Slight decrease
(about 0.1% C,,) of the carbon concentration occurred in control and mineral fertilised variants over the whole time of the
experiment. This decrease was about doubled in the tilled variants. Organic manuring increased basal respiration rate, mainly
in the stationary time period. Average respiration rate was more or less the same in the control and mineral fertilised variants
in the first period. It increased in all these variants during the stationary phase and dropped down in the third period. Potential
respiration (NG - glucose and ammonium sulphate added) has shown similar trends as those for the basal respiration. The
most remarkable result is the drop down of the potential respiration rate in mineral fertilised variants in the second time period,
already. This is an evident change in the soil functionality caused by high doses of mineral fertilisers. Average values of the
biomass carbon in the third period resembles the basal respiration rate and total carbon content in soil. The amount of biomass
carbon per unit of the total carbon was similar in organic and control variants, while it was depressed in mineral fertilised
variants. Organic manuring increased the average number of bacteria about twice, as compared to unfertilised controls, while
mineral fertilisation decreased their number to about a half of that in controls. Number of bacteria dropped down in organic
variants to the values determined in controls in the third period, when no further manuring was applied. Number of micromy-
cetes was much less affected by organic manuring and mineral fertilisation. Their number increased in mineral fertilised
variants in the third period. Incidence of bacteria in soil samples was evidently dependent on the presence of fresh organic
matter rather than on the total carbon content in soil.

Keywords: long-term field experiments; organic carbon cycle; microorganisms; respiration activity

ABSTRAKT: V roce 1958 zaloZil Novak v Praze-Ruzyni dlouhodoby maloparcelkovy polni pokus, jehoZ cilem bylo sledovéni
dlouhodobého vlivu mineralniho a organického hnojeni na pudni organickou hmotu, pidni mikroorganismy a jejich aktivity
a na dalSi padni vlastnosti. Pokus byl zaloZen jako ¢erny thor, aby byl eliminovin vliv péstovanych rostlin. Pidni vzorky
byly odebirany jednou aZ dvakrat ro¢né. Pokus zahrnoval sedm variant. Na parcelkdach hnojenych vysokymi ddvkami orga-
nického hnojeni se zvy3oval obsah pudniho organického uhliku. Akumulace uhliku na téchto parceldch pokradovala asi 13 let.
Bé&hem této doby byl efekt organického hnojeni na obsah uhliku v pidé pfiblizn& aditivni, charakterizovany linedrni regresni
pfimkou. Exponencidlni nebo polynomiilni regresni kfivky viak vykazovaly vy33i korelaéni koeficienty. Zadna z téchto funkci
nevyjadfovala zvySujici se mineralizacni rychlost pidni organické hmoty, ktera souvisela s jeji rostouci koncentraci. Pozdg&ji
k dal3i akumulaci uhliku v pidé nedochdzelo. Pfedpokliadand dynamickd rovnovdha mezi inputem a rozkladem organické
hmoty trvala dalSich 18 let. Toto obdobi charakterizuje mirng klesajici regresni pfimka. Rozklad akumulované ptidni organické
hmoty nésledoval po roce 1989, kdy bylo ukonCeno pravidelné hnojeni. V kontrolni varianté do$lo b&hem celého obdobi
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pokusu k poklesu koncentrace organického uhliku (asi 0,1 %) a podobné tomu bylo také ve variantich mineralné hnojenych.
Tento pokles byl téméf dvojnasobny u piekopdvanych variant v disledku vyssi aerace. Organické hnojeni zvySovalo bazalni
respiralni aktivitu, zvlasté ve stacionarni fazi. Primérnd respiracni aktivita byla vice méné stejna v prvni period€ u kontroly
a u mineraln& hnojenych variant. Jeji hodnoty stoupaly ve viech variantdch béhem stacionarni féze a klesaly ve tieti periodé.
Potenciélni respirace (NG) vykazovala stejny trend jako bazilni respirace. Nejpozoruhodnéj$im vysledkem je pokles aktivity
potencidlni respirace u minerdlné hnojenych variant jiz v druhé &asové periodé. Tato vyraznid zména padni funkce byla
zpusobena vysokymi ddvkami minerdlnich hnojiv. Primérnd hodnota biomasy uhliku ve tfeti periodé se podobd bazilni
respiraéni aktivité a obsahu celkového uhliku v piidé. MnoZstvi uhliku biomasy na jednotku celkového uhliku bylo stejné
u organicky hnojenych variant a u kontroly, zatimco u mineralné hnojenych variant doslo k poklesu. Organické hnojeni
zvy$ovalo praimérny pocet bakterii pfiblizné na dvojnasobek ve srovnidni s nehnojenymi kontrolami. U minerdlné hnojenych
variant klesl pocet bakterii téméf na polovinu oproti kontrole. Ke sniZeni poctu bakterii u organicky hnojenych variant doslo
a7 ve tieti periodg, kdy pfestal byt aplikovan hntj. Pocet mikromycet byl mnohem méné ovliviiovan organickym a mineralnim
hnojenim. Jejich pocet vzrostl v mineralné hnojenych variantich po roce 1989. Je ziejmé, Ze vyskyt bakterii v plidnich vzorcich

zavisi na pfitomnosti Cerstvé organické hmoty vice neZ na obsahu celkového uhliku v pidé.

Kli¢ovi slova: dlouhodobé polni pokusy; cyklus organického uhliku; mikroorganismy; respira¢ni aktivita

INTRODUCTION

Soil organic matter is an important component of
soils on which most of the ecological functions are
closely depending. It is a subject of continuous trans-
formations mediated by edafon, particularly soil mi-
croflora. Soil organic matter is, however, heterogene-
ous. It consists of many different substances having
different chemical structures, that are located in differ-
ent microlocalities in the soil and interact by means of
physico-chemical mechanisms with mineral particles.
Dynamics of soil organic matter is, therefore, an ex-
tremely complex phenomenon. It proceeds by means of
short-term reactions and processes mediated mainly by
soil organisms. As a result, adaptation mechanisms take
place, including changes in number and composition of
soil microflora and its activities. This can be easily
demonstrated in short term laboratory experiments and
in situ measurements, as well.

However, besides of the short term reactions, long-
term processes occur, lasting several years or decades
in natural conditions. Each change in land use, crop-
ping, tillage or fertilisation starts long-term processes
that tend to reach a new equilibrium. Korschens (1994)
reported that it took 28 years to reach a new equilib-
rium of soil organic carbon in individual variants of
organic and mineral fertilisation in the long-term field
experiment in Bad Lauchstddt. As a result of changes
in the long-term soil processes, changes in all ecologi-
cal soil functions took place — production function,
transformation function, regulation function and biotop
function, to mention the most important ones.

Long-term investigations are, therefore, required to
understand adequately the concepts of soil protection
and sustainable agriculture in varying soil and environ-
mental conditions. Long-term field experiments are,
therefore, indispensable means for the study of agro-
ecosystems and their agronomical and ecological func-
tions. It is the only approach using analysis of the long-
term data and to extrapolate small scale sequences of
events to large scale processes.

390

The value of the long-term experiments results from
the accumulation of data acquired over decades. Num-
ber of the long-term field experiments is relatively lim-
ited. The high cost of conducting continuous field trials
was the reason for the fact that a number of long-term
field experiments were discontinued in the past. At the
present time only about 65 field experiments are known
worldwide, duration of which is longer than 50 years
(Korschens, 1997).

The value of the long-term field experiments, their
archive samples and their databases is also in the fact
that they are irreplaceable experimental objects, that
can be used for elucidation of new scientific questions.

There are five long-term experiments in the Czech
Republic lasting more than 40 years, the bare fallow
experiment in Prague-Ruzyné being one of them.
Novak has initiated this small plot field experiment, in
order to determine long-term effects of organic and
mineral fertilisers on soil organic matter, soil micro-
organisms and their activity and further soil properties
(Novék, Apfelthaler, 1971; Novik et al., 1971). To
climinate the effect of cultivated plants, he decided to
carry out this experiment as a bare fallow. The effect of
organic and mineral fertilisers on organic carbon in soil,
soil microorganisms and their respiration activity over
40 years of the experiment is presented in this paper.

MATERIAL AND METHODS

The experiment was founded on Luvi-haplic Cher-
nozem in Prague-Ruzyné in 1958. It consists of seven
plots 1.5 x 2 m that have been treated once a year as
follows:

1. control (untreated soil)

II. manured with 80 t of composted manure per ha
and year, mixed within 10 cm layer (FYM)

III. manured with 160 t composted manure per ha and
year, mixed within 20 cm layer (2FYM)

IV. fertilised with mineral fertilisers (ammonium sul-
phate, mono calcium phosphate and potassium
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chloride) in the equivalent doses of N, P, and K as
in II, mixed within 10 cm layer (NPK)
V. the same fertilisers in doses equivalent to III,
mixed within 20 cm layer (2NPK)
VI. no fertilisers tilled to 10 cm (Tilled)
VII. no fertilisers tilled to 20 cm (Tilled)

In 1971, the depth of tillage was changed to 20 cm
in all plots (except plot I) and ammonium sulphate was
substituted by urea. Second change occurred in 1989.
No manure and fertilisers have been applied and the
plots have not been tilled. The plots have been main-
tained bare and weeds have been removed mechanically
over the whole time of the experiment.

Soil samples have been taken twice a year till 1979
and once a year since that time. Depth of sampling was
20 cm in all plots. Immediately after sampling, the soil
samples were sieved through 2 mm sieve and several
analyses were performed, e.g. numbers of microorgan-
isms by the plate dilution method, determination of res-
piration activity (basal and potential) according to
Novak, Apfelthaler (1971). Biomass was determined by
fumigation-extraction method (Vance et al., 1987). The
results were calculated to oven dry matter. Oxidisable
carbon (C,,) was determined in air dried soil samples
by wet combustion according to Alten et al. (1935).

RESULTS AND DISCUSSION

Most of the data are available from 1965 and the
following years. We have, therefore, taken this year as
a starting one for the evaluation. The original organic car-

bon concentration in 1958 was estimated to 1.3% C,.

Soil organic carbon content

The data concerning organic carbon content in indi-
vidual plots over the whole time of the experiment are
shown in Fig. 1.

High doses of organic manure (farm yard manure
compost) increased the soil organic carbon content sub-
stantially. Changes in organic carbon content in the
control, mineral fertilised and tilled variants were rela-
tively low.

Carbon accumulation in organic manured plots pro-
ceeded for about 13 years (first time period of the or-
ganic matter accumulation). During this time period,
the effect of organic manure on the carbon content in
soil seemed to be approximately additional. This can be
demonstrated in Fig. 2, in which linear regression line
was calculated for the data of the plot II (FYM).

Linear regression line represents a simple concept of
an additive effect of organic manuring on the organic
carbon accumulation in soil, supposing a constant hu-
mification coefficient. This could be true for a short
period of time as the experimental values suggest. The
increasing content of the organic matter in soil should
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Years

1. Organic carbon content in soil samples from individual plots

Control
FYM
2FYM
NPK
Tilled

bottt

35 »
5 y = 0,1753x + 0,6656 f“/

R? = 0,6537

Years

2. Organic carbon accumulation in soil in the initial period of the
experiment in plot II

increase its mineralisation rate, in consequence of
which the increments of the net organic matter accumu-
lated should decrease over the years passing. For this
reason, more realistic functions might be a power func-
tion or logarithmic function. To evaluate a similarity of
the experimental values with simple functions, several
regression functions and their correlation coefficients
were calculated. Results are presented in Tab. I.

The correlation coefficients for both power and loga-
rithmic functions are lower than those for the linear
function. The best correlation coefficient was found for
polynomial function, which is demonstrated in Fig. 3.
Correlation coefficient for this function is surprisingly
high, however, the background for this is not clear.

I. Regression functions of the organic carbon accumulation in FYM
plot (II) in the first time period (1958 to 1971)

Function Equation R?
Linear Y = 0.1753x + 0.6656 0.6537
Power Y= 116240313 0.509
Logarithmic Y = 0.658Ln(x) + 1.0042 0.4148
Exponential Y = 1.0303e"793 0.7243
Polynomial Y = 0.0234x% - 0.1699x + 1.4647 0.86
391
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3. Organic carbon accumulation in soil in the initial period of the
experiment in plot IT
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4. Organic carbon content in soil in the second (steady state) period
in plot IT (FYM)

35
3 m———
2 W
5 2
O y = 3,2091e%%9%
o R = 10,7323
1
0.5
0 . . - .
0 2 4 6 8 10

Years

5. Organic carbon content in soil in the third (decline) period in
plot IT (FYM)

After this first period (since about 1972), there was
no further apparent carbon accumulation in this plot.
Taking into account the variability of annual measure-
ments, we can suppose that a steady state had been
reached in this soil (second time period). Steady state
should be characterised by an equilibrium in inputs and
outputs of the organic carbon in the soil and the carbon
content in soil should be constant. Experimental data
for this time period are shown in Fig. 4.

Linear regression line shows a slight decline, while
the experimental values vary substantially.

In 1989 a decision was made to stop the application
of fertilisers and tillage and to look at the accumulated
organic matter decomposition later on (third time pe-
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6. Organic carbon content in soil in the control and tilled variants
over the whole time of the experiment and exponential regression of

the values obtained
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7. Organic carbon content in soil in the control and tilled variants
over the whole time of the experiment and linear regression of the
values obtained

—e— Control
—a— Tilled

riod). The drop down of organic carbon content conse-
quently occurred and can be seen in Fig. 5.

Organic matter decomposition should follow the first
order kinetics which can be expressed by a simple ex-
ponential function. The calculated exponential regres-
sion curve fits quite well to the experimental data, cor-
relation coefficient is relatively high.

Fig. 6 shows the values of the organic carbon in
control and tilled plots over the whole time of the ex-
periment. According to the same concept, exponential
regression curve and appropriate correlation coeffi-
cients were calculated. The correlation coefficient was
higher for the values obtained for the tilled plot, how-
ever, both were rather low. The same values and linear
regression lines and equations are presented in Fig. 7.

Slight decrease (about 0.1% C,,) of the carbon con-
centration occurred in the control and mineral fertilised
variants. This decrease was about doubled in the tilled
variants. There are no distinct differences in the time
periods mentioned above.
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Respiration activity

Respiration activity of the soil samples indicates the
intensity of metabolic processes occurring in situ. It is,
therefore, an important characteristics of the carbon dy-
namics in soil.

The values determined over the whole time of the
experiment showed a high variability. To make the pic-
ture simpler, the results were grouped in three time
periods according to the soil organic carbon accumula-
tion in organic manured variants mentioned above. The
first period of the carbon accumulation was from the
beginning of the experiment till 1971. The second pe-
riod of the steady state equilibrium took place till 1989
and the third period of the carbon decomposition took
the following years till 1997. Average values were cal-
culated for individual time periods. Results for the basal
respiration are presented in Fig. 8.

Basal respiration rate was slightly enhanced in or-
ganic manured variants in the first, accumulation, pe-
riod of the experiment. Average basal respiration in-
creased remarkably in the stationary phase, evidently
due to the increase in organic carbon concentration in
soil, in which the net mineralisation of organic carbon
added reached or surpassed its input. In the third (min-
eralisation) period, the average respiration rate dropped
down due to the change in manuring (no further input
of organic carbon). Besides of this, however, this re-
sult was affected by the change in the method of the
determination of this activity: till 1989, CO, pro-
duced was determined after 24 hours of incubation,
while later it was determined after 72 hours of incu-

1.6

1.4 M
=
‘o W 1.period
g_ 02.period
&
8 B 3.period
o
E

Control FYM 2FYM NPK 2NPK Tilled Tilled
8. Average basal respiration rate in time periods
W 1.period|

O 2.period|
@ 3.period

mg C02.100 g".h~"

Control FYM

2FYM NPK 2NPK Tilled Tilled

9. Average potential (NG — glucose and ammonium sulphate added)
respiration rate in time periods
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bation. Therespiration rate was then calculated per hour
in both cases.

Average respiration rate was more or less the same
in the control and mineral fertilised variants in the first
period. It increased in all these variants during the sta-
tionary phase and dropped down in the third period.
This drop down may be, similarly, explained by the
change in methodology, however, the decrease in aver-
age respiration rate may be noticed in mineral fertilised
and tilled variants, in comparison with the control.

Besides of the basal respiration rate, several poten-
tial respiration rates were determined, as well. Fig. 9
shows the average potential respiration rates in time
periods.

The values obtained in organic manured variants
show similar trends as those for the basal respiration.
The most remarkablc result is the drop down of the
potential respiration rate in mineral fertilised variants in
the second time period, already. This is an evident
change in the soil functionality caused by high doses of
mineral fertilisers. The decrease in this value in control
and tilled variants in the third period is hard to explain
(the method of the determination of this value was the
same during the whole time of the experiment).

Biomass and number of soil microorganisms

Metabolic processes in soil are mainly mediated by
soil microflora. Number of several cultivation groups
has been determined over the whole time of the experi-
ment. During the third period, determination of biomass
by fumigation-extraction method (Vance et al., 1987)
was included, as well.

Average values of the biomass carbon in the third
period are presented in Fig. 10. Biomass carbon content
resembles the basal respiration rate and total carbon
content in soil. Average values of carbon content for
this time period was, therefore, included in this figure,
and the value of biomass carbon related to total carbon
unit, as well. It is interesting to note that the amount of
biomass carbon per unit of the total carbon was similar
in organic and control variants, while it was depressed
in mineral fertilised variants.

W biomass
O carbon
B ratio

Control  FYM

2FYM NPK 2NPK Tilled Tilled

10. Average biomass carbon content (1g C.g"), total oxidisable car-

bon content (mg C.10 g"') and biomass related to total oxidisable
carbon unit in the third period (mg Cp;..10 g’ Cix)
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Numbers of several groups of microorganisms were
determined by plate dilution technique. That of bacteria
growing on Thornton agar and of micromycetes grow-
ing on Jensen agar are presented in Figs 11 and 12.

In the first time period, organic manuring increased
the average number of bacteria growing on Thornton
agar about twice, as compared to unfertilised controls,
while mineral fertilisation decreased its number to
about a half of that in controls. Tillage slightly de-
creased their number, probably due to the higher min-
eralisation rate in tilled soils.

Number of bacteria did not increase in the second
time period, as did the respiration activity. On the con-
trary, its number dropped down in all variants except
for the 2NPK variant.

Similarly, the drop down of the number of bacteria
in the second period in controls as compared to the first
period may be explained by the decrease in the decom-
posable organic matter in soil. Mineral fertilisation
compared to tilled and control variants depressed the
number of bacteria substantially in all time periods.

Average number of bacteria growing on Thornton
agar in the organic manured variants dropped down to
the level of the control in the third time period, indicat-
ing a direct relationship of this value to the fresh or-
ganic matter input. Unlike bacteria, micromycetes re-
acted another way to the treatments applied in this
experiment. Results are shown in Fig. 12.

Average number of micromycetes was much less af-
fected by organic manuring and mineral fertilisation.
The most remarkable result probably is the increase of
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1. Average number of bacteria determined on Thornton agar in time

periods

160

_ 140

by

e 4 W 1.period
3 0 2.period
= & 3.period
&

Control  FYM

2FYM NPK 2NPK Tilled Tilled

12. Average number of micromycetes determined on Jensen agar in
time periods
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the number of micromycetes in mineral fertilised vari-
ants in the third period. In this period number of mi-
cromycetes doubled in mineral fertilised variants, while
number of bacteria dropped down.

CONCLUSIONS

High doses of organic manure increased the soil or-
ganic carbon content. The carbon accumulation in these
plots proceeded for about 12 years. During this period,
the effect of organic manure on the carbon content in
soil was approximately additional. Exponential and
polynomial regression curves showed, however, better
correlation coefficients. None of these functions re-
flected the increasing mineralisation rate of the already
present organic matter in soil.

Later, there was no further apparent carbon accumu-
lation. A steady state equilibrium can be supposed in
this time period, which might be characterised by
a slightly declining regression line.

Accumulated organic matter decomposition occurred
later on, when no further manuring was applied.

Slight decrease (about 0.1% C,,) of the carbon con-
centration occurred in control and mineral fertilised
variants over the whole time of the experiment. This
decrease was about doubled in the tilled variants.

Organic manuring increased basal respiration rate,
mainly in the stationary time period. Average respira-
tion rate was more or less the same in control and min-
eral fertilised variants in the first period. It increased in
all these variants during the stationary phase and
dropped down in the third period.

Potential respiration (NG) has shown similar trends
as those for the basal respiration. The most remarkable
result is the drop down of the potential respiration rate
in mineral fertilised variants in the second time period,
already. This is an evident change in the soil function-
ality caused by high doses of mineral fertilisers.

Average values of the biomass carbon in the third
period resembles the basal respiration rate and total car-
bon content in soil. The amount of biomass carbon per
unit of the total oxidisable carbon was similar in or-
ganic and control variants, while it was depressed in
mineral fertilised variants.

Organic manuring increased the average number of
bacteria about twice, as compared to unfertilised con-
trols, while mineral fertilisation decreased their number
to about a half of that in controls.

Number of bacteria dropped down in organic vari-
ants to the values determined in controls in the third
period, when no further manuring was applied.

Number of micromycetes was much less affected by
organic manuring and mineral fertilisation. Its number
increased in mineral fertilised variants in the third pe-
riod.

Incidence of bacteria in soil samples was evidently
dependent on the presence of fresh organic matter
rather than on the total carbon content in soil.
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ORGANIC NITROGEN CYCLE, AMMONIFICATION
AND NITRIFICATION ACTIVITY IN LONG-TERM FIELD
EXPERIMENT

CYKLUS ORGANICKEHO DUSIKU, AMONIFIKACNI A NITRIFIKACNI
AKTIVITA V DLOUHODOBEM POLNIM POKUSU

J. Kubat, J. Novakova, D. Cerhanova, R. Apfelthaler

Research Institute of Crop Production, Praha-Ruzyné, Czech Republic

ABSTRACT: Results concerning carbon cycle, incidence of microorganisms and respiration activity of the bare fallow field
experiment in Prague-Ruzyné were presented in our previous paper (Kubdt et al., 1999). This paper summarises results
concerning nitrogen cycle, incidence of microorganisms participating in the nitrogen cycle and ammonification and nitrification
activities. High doses of organic manure increased the soil organic nitrogen content, similarly to the organic carbon content.
Nitrogen accumulation in these plots has shown the same dynamics as the organic carbon accumulation. Similar trends were
also demonstrated for other variants over the whole time of the experiment. The results have shown that nitrogen cannot be
accumulated in soil for a longer time period except in the soil organic matter. All mineral nitrogen applied to the mineral
fertilised plots was lost. The increase of the C/N ratio in control and mineral fertilised variants indicates the fact that
nitrogenous components of the soil organic matter are more vulnerable to decomposition than those not containing nitrogen
in its molecule. This supports the hypothesis concerning the peripheric nitrogenous components of the humic acids molecules.
Organic manuring increased the average number of proteolytic bacteria, while mineral fertilisation decreased their number to
about a half of that in control. Their number dropped down in organic variants in the third period to a level at the control,
while the inhibitory effect of mineral fertilisation on these bacteria was maintained. Average number of the free living N,-fixing
bacteria was lower in tilled variants as compared to non-tilled control and it decreased continuously over the whole time of
the experiment. These bacteria were almost eliminated in mineral fertilised soils. Average ammonia concentrations in organic
manured plots were the highest during the second (steady state) period in which the net nitrogen mineralisation increased.
Proteolytic activity correlated quite well with the number of proteolytic bacteria in soil samples. Mineral fertilisation decreased
proteolytic activity in soil samples to less than a half of that in controls. Nitrate nitrogen content in soil samples has shown
basically the same trends as those of the ammonia nitrogen. Nitrification activity has shown a positive effect of organic
manuring and inhibitory effect of extremely high doses of mineral fertilisation on this activity.

Keywords: long-term field experiments; organic nitrogen cycle; proteolytic bacteria; ammonification activity; nitrification
activity

ABSTRAKT: Vysledky dlouhodobého pokusu, tykajici se kolob&hu uhliku, vyskytu mikroorganismi a respira¢ni aktivity,
byly popsédny v piedchozim sdéleni (Kubat et al., 1999). Tento pfispévek sumarizuje vysledky tykajici se kolob&hu dusiku,
vyskytu mikroorganismii Géastnicich se kolob&hu dusiku, amonifika¢ni a nitrifikadni aktivity. Vysoké davky organického
hnojeni zvy3ily obsah organického dusiku v pudg&, podobné jako organického uhliku. Akumulace organického dusiku v t&chto
variantich vykazovala stejnou dynamiku jako v pfipadé organického uhliku. Podobné trendy se projevily také v ostatnich
variantdch b&hem celé doby trvéni pokusu. Vysledky ukézaly, Ze dusik nemiZe byt dlouhodobg v pid& akumulovan jinak neZ
v pldni organické hmot&. Veskery mineralni dusik, ktery byl aplikovan v prab&hu pokusu na minerdln& hnojenych parcelach,
byl z pidy ztracen (v procesech nitrifikace, vyplavovani, denitrifikace apod.). Zvyseni poméru C/N v kontrole, prekopdvanych
variantich a ve variantich mineralné hnojenych ukazuje, Ze dusikaté soudasti pudni organické hmoty jsou nachyln&jsi k roz-
kladu a mineralizaci neZ sousti bez dusiku. To potvrzuje hypotézu, Ze dusikaté slouceniny tvofi periferni sou&4sti molekul
huminovych kyselin. Organické hnojeni zvysilo prim&ré potty proteolytickych bakterii v piidg, zatimco minerélni hnojeni
je sniZilo pfiblizné na polovinu oproti kontrole. Prim&rné poéty proteolytickych bakterii v organicky hnojenych variantach
poklesly ve tieti ¢asové periodé (po ukondeni organického hnojeni) na troveii kontroly, zatimco inhibi&ni vliv miner4lniho
hnojeni na tuto skupinu bakterii pretrval ve variantich dfive minerdlng hnojenych. Primérné pocty volng Zijicich diazotrofnich
bakterii byly niZ$i v pfekopavanych variantich neZ na kontrole b&hem celé doby trvani pokusu. Tyto bakterie byly témé&F
eliminovany v minerdln& hnojenych variantach. Primé&mé hodnoty koncentrace amonného iontu v organicky hnojenych va-
riantdch byly nejvyssi v obdobi dynamické rovnovahy (druhd asova perioda), kdy ¢istd mineralizace dusiku byla nejvy$si.
Proteolytickd aktivita korelovala s vyskytem proteolytickych bakterii. Mineralni hnojeni sniZilo tuto aktivitu na mén& neZ
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polovinu oproti kontrole. Obsah nitritového dusiku v pidnich vzorcich vykazoval v podstaté stejné trendy jako obsah amon-
ného dusiku. Vysledky stanoveni nitrifika¢ni aktivity potvrdily pozitivni vliv organického hnojeni a inhibi¢ni vliv vysokych

davek minerdlniho hnojeni na tuto aktivitu.

Kli¢ov4 slova: dlouhodobé polni pokusy; cyklus organického dusiku; proteolytické bakterie; amonifikadni aktivita; nitrifikacni

aktivita

INTRODUCTION

Organic carbon cycle, incidence of microorganisms
and their respiration activity in the long-term bare fal-
low field experiment were described in our previous
paper (Kubat et al., 1999). Organic nitrogen cycle, am-
monification and nitrification activity and the incidence
of bacteria participating at the organic nitrogen trans-
formations in soil are presented in this paper.

MATERIAL AND METHODS

The bare fallow field experiment was described in
our previous paper (Kubat et al., 1999). Soil samples
have been taken twice a year till 1979 and once a year
since that time. Depth of sampling was 20 cm in all
plots. Immediately after sampling, the soil samples
were sieved through 2 mm sieve and several analyses
were performed, e.g. numbers of microorganisms by the
plate dilution method, determination of ammonia nitro-
gen, proteolytic activity and nitrate nitrogen according
to Pokorna et al. (1964). Nitrification activity was de-
termined according to Apfelthaler (1992). The results
were calculated to oven dry matter. Organic carbon was
determined in air dried soil samples by Kjeldahl method
and with Leco analyser since 1995.

RESULTS AND DISCUSSION
Total and organic nitrogen content in soil

Nitrogen cycle was similar to that of the organic
carbon cycle. There was a higher total mineral nitrogen
content in fertilised plots till 1989 due to the annual
input of mineral nitrogen fertilisation (Fig. 1).

We have, therefore, subtracted mineral nitrogen con-
tent to get the values of the organic nitrogen, results are
presented in Fig. 2.

Organic manured variants have shown an organic
nitrogen accumulation period during the first 13 years
of the experiment similar to the organic carbon accu-
mulation. These accumulation processes were the best
characterised by polynomial function, as well (Fig. 3).
Similarity to the organic carbon accumulation exists in
correlation coefficients for other functions that are pre-
sented in Tab. I, as well.

Organic nitrogen content in soil in the second period
that was supposed to be a steady state period is pre-
sented in Fig. 4. Regression line is slightly declining,
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Years

Years

2. Organic nitrogen content in soil samples from individual plots

Control
FYM
2FYM
NPK
2NPK
Tilled
Tilled

Fedkttt

similarly to that for organic carbon. The same was true
for the third (decline) period, in which the drop down
of the organic nitrogen content was similar to that of
the organic carbon. Results are shown in Fig. 5. Corre-
lation coefficient for the exponential regression curve
is, however, lower than that for the organic carbon val-
ues.

Organic nitrogen content in soil in the control plot
over the whole time of the experiment is shown in
Fig. 6. Exponential regression curve and an appropriate
correlation coefficient were calculated of the experi-
mental data. The value of the correlation coefficient is
higher than that for the organic carbon content in this
plot, so the fit was better.

Organic C/N ratio varied over the time, however,
linear regression shows an increase in the control and
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4. Organic nitrogen content in soil in the second (steady state) period
in plot IT (FYM)

mineral fertilised plots, while the C/N ratio was slightly
decreasing in organic manured plot. This was probably
due to the fact that the humification processes in the
organic manured plot were not yet completed at the
time of sampling. In the third time period, when no
further manure was applied, C/N ratio dropped down in
this plot. As calculated from the regression lines, C/N
ratio varied between 8.5 and 12.5 in the control plot and
in a narrower range in the other plots. Results are pre-
sented in Fig. 7 and Tab. II
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6. Organic nitrogen content in soil in the control variant over the
whole time of the experiment and exponential regression of the
values obtained

The results presented show that nitrogen cannot be
accumulated in soil for a longer time period except in
the soil organic matter. All mineral nitrogen applied to
the mineral fertilised plots was lost via nitrification and
following leaching or denitrification or, perhaps, via
other processes of nitrogen transformation and trans-
port.

I. Regression functions of the organic carbon accumulation in FYM plot (1I) in the first time period (1958 to 1971)

Function Equation (nitrogen) R? nitrogen R? carbon
Linear Y = 13.925x + 62.803 0.6997 0.6537
Power Y = 105.54;"-2788 0.4915 0.509
Logarithmic Y = 50.558Ln(x) + 93.247 0.4142 0.4148
Exponential Y = 91.89¢"0738x 0.764 0.7243
Polynomial Y = 2.1048x% - 17.072x + 134.56 0.979 0.86

II. Linear regression of the C/N ratio in four selected variants of the long-term bare fallow field experiment over the whole time of the experiment

Variant Equation R? C/N range
Control Y = 0.0961x + 8.4555 0.2766 8.45 - 124
FYM Y =-0.0012x + 11.708 0.0007 11.66 - 11.71
NPK Y = 0.0524x + 8.9402 0.0981 '8.94 - 11.09
Tilled Y = 0.0727x + 8.6046 0.2533 8.60 - 11.58
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7. Organic C/N ratio in four selected variants of the long-term bare
fallow field experiment over the whole time of the experiment

Control
- FYM
—— NPK
—— Tilled

i

The increase of the C/N ratio in control and mineral
fertilised variants indicates the fact that nitrogenous
components of the soil organic matter are more vulner-
able to decomposition than those not containing nitro-
gen in its molecule. This supports the hypothesis con-
cerning the nitrogenous peripheric components of the
humic acids molecules.

Number and composition of soil microorganisms

Numbers of several groups of microorganisms were
determined by plate dilution technique. Those directly
contributing to the nitrogen cycle are mentioned it this
paper: proteolytic bacteria growing on meat-peptone
agar, spore-forming bacteria on meat peptone agar and
free-living N,-fixing bacteria on Ashby agar.

The values determined over the whole time of the
experiment were grouped in three time periods accord-
ing to the soil organic carbon and nitrogen accumula-
tion in organic manured variants mentioned above.
Fig. 8 shows the average number of proteolytic bacte-
ria. This group was not determined after 1989, so the
average number for the first two periods only are pre-
sented in Fig. 8.

Organic manuring increased the average number of
proteolytic bacteria about twice, as compared to unfer-
tilised controls, while mineral fertilisation decreased its
number to about a half of that in control. Tillage
slightly decreased their number, probably due to
a higher mineralisation rate in tilled soils.

The next group were spore-forming bacteria, average
number of which is presented in Fig. 9. This group of
bacteria has been determined over the whole time of the
experiment. Effect of organic manuring and mineral
fertilisation on this group of bacteria was similar to that
on the total proteolytic bacteria mentioned above. The
most remarkable result probably is the drop down of
these bacteria number in organic variants in the third
period. The values are approximately the same as in the
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10. Average number of the free-living N,-fixing bacteria (azotobac-
ters) growing on Ashby agar in time periods

controls in this period. Number of spore-forming bac-
teria dropped down in controls in the second and third
period, maybe due to the diminishing content of the
easily decomposable organic substances. Number of
spore forming bacteria in mineral fertilised variants is
about five times lower, compared to controls, indicating
a detrimental effect of high doses of mineral fertilisers
on this group of soil bacteria.

The last group of bacteria determined over the whole
experiment was so-called azotobacters cultivated on
Ashby agar. The values are presented in Fig. 10.

Average number of azotobacters was lower in tilled
variants as compared to not tilled control and it de-
creased continuously over the whole time of the experi-
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ment. The reason may be the diminuation of the easily
decomposable organic matter that is a source of energy
for elemental nitrogen fixation by these bacteria. These
bacteria were almost eliminated in mineral fertilised
soils.

In organic manured variants the azotobacters number
was similar to that in not tilled control in first and
second period, however, it doubled in the third period,
in which no further manure was added. This is a sur-
prising result regarding the changes in number of the
other bacteria. Soil organic matter mineralisation
should release enough mineral nitrogen (C/N ratio be-
ing close to 10), however, enough organic substrate
(source of energy) a very good soil structure in these
plots, aeration and drenage may have created suitable
conditions for this group of bacteria. The drop down of
azotobacters number in control plots in the third period
is, no doubt, connected with the lack of organic sub-
strate and thus source of energy.

Ammonification and nitrification activity

Two important processes of the nitrogen cycle were
measured over the whole time of the experiment: am-
monification and nitrification. Average ammonia nitro-
gen content in soil samples in time periods is presented
in Fig. 11. Its average concentration was almost the
same in the control and tilled variants in the first and
second time period and dropped down in the third pe-
riod more deeply in the tilled variants than in the con-
trol. This corresponds with the mineralisation of the
decomposable organic matter and limiting the turnover
rate in the tilled variants.

Average ammonia concentration in mineral fertilised
variants was the highest due to the annual application
of ammonia sulphate (till 1971) and urea (till 1989). It
dropped down at the level of the control in the third
time period, confirming the above-mentioned statement
that mineral nitrogen cannot be accumulated in soil for
a longer time period.

Nevertheless, it is worth of mentioning that the basic
dose of mineral fertilisers caused about the same level
of ammonia concentration in the first and second time
period, while this was not true for the double dose
(2NPK). The explanation might be in an enhanced in-
hibition of nitrification in the second time period in this
variant.

Average ammonia concentrations in organic manur-
ed plots are, however, the most interesting. They are
approximately the same at the first and the third time
period, in the double dose variant (2FYM) being, of
course, higher (Fig. 11). In both variants, the average
ammonia concentrations are the highest in the second
time period. This result corresponds very well with the
concept of the three time periods: accumulation, steady
state and mineralisation ones. Part of the organic nitro-
gen applied during the accumulation period was accu-
mulated and a part of it was subject of the net mineral-
isation. Under the conditions of steady state, gross
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mineralisation increased, while the input remained the
same. That is why the net nitrogen mineralisation in-
creased and ammonia concentration was elevated in this
time period.

Ammonification (proteolytic) activity was measured
by means of the ammonium determination in soil sam-
ples amended with peptone after 20 hours incubation at
28 °C. Average values in individual time periods are
presented in Fig. 12.

Proteolytic activity is mediated mainly by pro-
teolytic bacteria. It correlates quite well with the num-
ber of proteolytic bacteria in soil samples. Organic
manuring increased the average values of proteolytic
activity, as compared to unfertilised controls in the first
and the second time period, similarly to the number of
the proteolytic or sporeforming bacteria. Proteolytic ac-
tivity dropped down in the third time period in the or-
ganic manured variants, similarly to number of the
same bacteria. Mineral fertilisation decreased pro-
teolytic activity in soil samples to less than a half of
that in controls.

The drop down of the values of the proteolytic ac-
tivity of control and tilled variants in the third period,
may be due to the diminishing content of the easily
decomposable organic substances and lower number of
the proteolytic bacteria.

Nitrate nitrogen content in soil samples is presented in
Fig. 13. Its average concentration has shown basically the
same trends as those of the ammonia nitrogen. All that has
been told about ammonia nitrogen dynamics over the
whole time of the experiment can be almost at the same
way repeated about the nitrate nitrogen dynamics.

Nitrification activity was measured in the third time
period only, either with the addition of calcium carbon-
ate or without its addition. The average values are pre-
sented in Fig. 14. Nitrification activity reflected very
well the soil biological activity and the soil quality. The
distinct differences between organic manured variants
and control, as well as between control and mineral
fertilised variants are a remarkable indication of the
beneficial organic manuring effect on the nitrification
activity in soil and inhibitory effect of extremely high
doses of mineral fertilisation on this.

CONCLUSIONS

High doses of organic manure increased the soil or-
ganic nitrogen content, similarly to the organic carbon
content. Nitrogen accumulation in these plots has
shown the same dynamics as the organic carbon accu-
mulation.

Similar trends were also demonstrated for other vari-
ants over the whole time of the experiment.

The results have shown that nitrogen cannot be ac-
cumulated in soil for a longer time period except in the
soil organic matter. All mineral nitrogen applied to the
mineral fertilised plots was lost.

The increase of the C/N ratio in control and mineral
fertilised variants indicates the fact that nitrogenous
components of the soil organic matter are more vulner-
able to decomposition than those not containing nitro-
gen in its molecule. This supports the hypothesis con-
cerning the peripheric nitrogenous components of the
humic acids molecules.

Organic manuring increased the average number of
proteolytic bacteria, while mineral fertilisation decreased
their number to about a half of that in control. Their num-
ber dropped down in organic variants in the third period
to a level at the control, while the inhibitory effect of
mineral fertilisation on these bacteria was maintained.

Average number of the free living N,-fixing bacteria
was lower in tilled variants as compared to not tilled
control and it decreased continuously over the whole
time of the experiment. These bacteria were almost
eliminated in mineral fertilised soils.

Average ammonia concentrations in organic
manured plots were the highest during the second
(steady state) period in which the net nitrogen mineral-
isation increased.

Proteolytic activity correlated quite well with the
number of proteolytic bacteria in soil samples. Mineral
fertilisation decreased proteolytic activity in soil sam-
ples to less than a half of that in controls.

Nitrate nitrogen content in soil samples has shown ba-
sically the same trends as those of the ammonia nitrogen.

Nitrification activity has shown a positive effect of
organic manuring and inhibitory effect of extremely
high doses of mineral fertilisation on this activity.
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P-SOLUBILIZACNI AKTIVITA KMENU RODU RHIZOBIUM

P-SOLUBILIZATION ACTIVITY OF RHIZOBIUM SPECIES STRAINS

G. Storkanova', K. VoriSek', 0. Mikanov4®, D. Randova'

Czech University of Agriculture, Praha, Czech Republic
2Research Institute of Crop Production, Praha-Ruzyné, Czech Republic

ABSTRACT: An occurrence of soil microorganisms, which are able to solubilize hard-soluble inorganic P-compounds, is
known for a long time from works of many authors (Sperber, 1958; Barea et al., 1976; Illmer, Schinner, 1992). An attention
was given also to bacteria species Rhizobium and Bradyrhizobium, which are used in agriculture as N,-fixators (Halder et al.,
1991; Mikanova, Kubat, 1994; Mikanova et al., 1995). Phosphorus is an essential macrobiogenic element for plant growth
and development, it has an important effect on photosynthesis, nitrogen fixation, crop maturation, root development and
improvement of crop quality. The total amount of phosphorus in soil ranges from 0.01 to 0.5%, but only a small part (0.05 to 0.07%)
from this total content is available to plants (Goldstein, 1986). One of the possibilities for the enhancement of available supply
of phosphorus in soil is the inoculation of legumes with P-solubilizing strains Rhizobium or Bradyrhizobium. In the present
work, 12 strains of Rhizobium have been tested for their ability to solubilize hardly soluble inorganic phosphate as affected
by the different level of water-soluble phosphate in the liquid submersed stationary cultures. The strains D1, D17, D27, D39,
D47, D55, D57, D559, D560, D562, D564 and D656 originated from the collection of rhizobia at the Research Institute of
Crop Production, Praha-Ruzyng&. 1 ml of inoculum was pipetted into 30 ml sterile nutrient solution (glucose 10 g, asparagin
1g,K,8040.2 g, MgS0,4.7 H,0 0.4 g, yeast extract 0.2 g to 1 | of distilled water) supplemented with 20 mg Ca3(PO,), and
such amount of KH,PO, that final concentration of the solution was 0, 5, 10 and 30 mmol.I”! and by the more detailed
evaluation 0, 2.5, 5, 7.5, 10, 15 and 20 mmol.I”}, The pH value of medium was adjusted by 5% KOH to 6.8. Erlenmayer
flasks were cultivated for seven days at the temperature 28 + 1 °C. After the incubation, the pH value in medium was
determined, as well as the content of soluble phosphorus (Murphy, Riley, 1962; Machacek, Kotek, 1987). Seven strains did
not solubilize mineral tricalcium phosphate. The strains D560, D562 and D656 were able to solubilize tricalcium phosphate
only without presence of the soluble source of phosphorus. Two strains D559 and D564, having ability to solubilize Ca;(POy),
also by the 5 mmol.I"! concentration of soluble phosphate in medium, were investigated in more details. Strain D559 showed
the statistically significant ability of P-solubilization at following levels of KH,PO, concentrations: 0, 2.5, 5, 7.5 mmol.I™},
strain D564 by 0, 2.5, 5 mmol.I™!. P-solubilization was linked with the statistically significant decrease of pH value.

Keywords: phosphate solubilization; influence of soluble phosphate; Rhizobium

ABSTRAKT: V tekutych submerznich kulturich s pfidavkem Ca3(PO,), a o rlizné koncentraci rozpustného fosfatu (0, 5, 10,
30 mmol.I”! KH,PQ,) byla sledovina P-solubilizaéni schopnost 12 kmeni rodu Rhizobium. Po tydenni kultivaci byl v médiu
stanoven obsah rozpuiténého fosfitu a zméfeno pH a vysledek porovnan s kontrolou. U sedmi testovanych kmeni nedo$lo ke
zvy3eni hladiny pfistupného fosfitu. Kmeny D560, D562 a D656 byly schopné solubilizovat trikalciumfosfat pouze za nepfitomnosti
snadno pfistupného zdroje fosforu v médiu. Dva kmeny D559 a D564, které byly P-solubilizadn& aktivni i pfi S mmol.1I”!, byly
testovany podrobnéji. Kmen D559 projevil statisticky vyznamnou schopnost P-solubilizace pii koncentracich 0, 2,5,5 a 7,5 mmol.I™!
KH,PO,, kmen D564 pouze pii 0, 2,5 a 5 mmol.I™!. P-solubilizace byla spojena se statisticky vyznamnym sniZenim hodnoty pH.

Klicova slova: solubilizace fosfatu; vliv rozpustnych fosforegnant; Rhizobium

UvoD sky vyuZivany pro jejich N,-fixacni aktivitu a u nichZ

by schopnost P-solubilizace byla dalSim pfinosem (Hal-

Vyskyt padnich mikroorganismi, schopnych rozpous-
t&t t&7ko rozpustné minerélni sloudeniny fosforu, je zndm
jiz dlouhou dobu z praci mnoha autorti (Sperber, 1958;
Barea et al., 1976; Illmer, Schinner, 1992). Tato schop-
nost byla zji§téna napf. u rodu Flavobacterium, Arthro-
bacter, Pseudomonas, Chromobacterium, Bacillus nebo
Penicillium. Pozornost byla vénovana i testaci bakterii
rodu Rhizobium a Bradyrhizobium, které jsou zem&dé&l-
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der et al., 1991; Mikanova, Kubat, 1994; Mikanové et
al., 1995).

Fosfor patfi mezi nezastupitelné makrobiogenni prv-
ky, nezbytné pro rist a vyvin rostlin; ovliviiuje fotosyn-
tézu, fixaci N,, vyvin kofenu, kveteni, tvorbu plodi
i kvalitu plodin. I kdyZ rostliny mohou fosfor snadno
reutilizovat, neexistuje u nich moZnost (s vyjimkou plo-
di) vytvareni vétSich rezerv pro nasledné vyuZiti, z Ce-

403



hoZ vyplyvé nutnost stalého pfijmu fosforu v priabéhu
celé ontogeneze. Celkové mnoZstvi fosforu v pidé ko-
lisd od 0,01 do 0,5 %, pfiCemzZ pouze mald Cast (0,05 aZ
0,07 %) z tohoto celkového obsahu je rostlinami pfija-
telna (Goldstein, 1986).

Alternativou ke hnojeni fosfore¢nymi hnojivy (které
ma ekologicka i ekonomicka tskali) pro zajisténi dos-
tate¢ného mnoZstvi fosforu v padnim roztoku je snaha
o ziskani a aplikaci takovych kmenid mikroorganismi,
které by zpfistupiiovaly fosfor rostlindm a udrZely si
tuto schopnost i pfi vys§ich hladinich rozpustného fos-
foru v pudé, a to v del§im ¢asovém horizontu.

MATERIAL A METODA

Pro testovani P-solubilizaéni aktivity v tekutych sub-
merznich stacionérnich kulturdch byly pouZity kmeny

rodu Rhizobium (D1, D17, D27, D39, D47, D55, D57,
D559, D560, D562, D564, D656), které pochazeji ze
sbirky Vyzkumného tstavu rostlinné vyroby v Praze-
-Ruzyni. 1 ml inokula daného kmenu byl zaockovan do
30 ml sterilniho Zivného roztoku (P-bujon: glukoza 10 g,
asparagin 1 g, K,50,4 0,2 g, MgS0O,4.7 H,0 0,4 g, kvas-
ni¢ny autolyzit 0,2 g na 1 I destilované vody) s pfidavkem
20 mg Ca3(POy), a s takovym mnoZstvim KH,POy,
aby vyslednd koncentrace roztoku byla 0, 5, 10, resp.
30 mmol.I™}, pfipadné pfi podrobné&j§im hodnoceni
0, 2,5, 5, 7,5, 10, 15, resp. 20 mmol.I"!. Hodnota pH
byla upravena 5% KOH na 6,8 (méfeno pH-metrem).
Kazda varianta méla tfi opakovani. Erlenmayerovy baii-
ky byly kultivovany sedm dni pfi teploté 28 + 1 °C za
obcasného promichani. Po skoneni kultivace bylo u kultur
stanoveno pH a mnoZstvi rozpusténého fosforu postupem
s molybdenanem amonnym a kyselinou askorbovou

I. Schopnost solubilizace Cas(PO,), v tekuté kultuie s pfidavkem KH,PO, u kment rodu Rhizobium — Rhizobium tricalciumphosphate

solubilization in liquid culture with KH,PO, addition

Zména koncentrace rozpu§téného P v médiu piisobenim kmenu? (ug.ml=') Zména pH média plisobenim kmenu?

Kmen' koncentrace KH,PO, v médiu pied inkubaci® (mmol.I"!)

0 5 10 30 0 5 10 30
DI -7,92° -35,00" -38,33" —46,67 0,92° -0,25° -0,20° 0,03
D17 -6,83" -32,50 -1,67 -33,33 0,92° -0,21° -0,13" 0,05
D27 -6,00" -31,67° -30,00" 0,00 0,11 -0,27" -0,14" 0,02
D39 -7,00° -34,17° ~46,67° -713,33° 0,46 -0,22" -0,15° 0,01
D47 -6,67" 37,50 136,67 ~250,00 0,35 -0,22° -0,09 0,06
D55 -5,67 -28,33" —40,00" -20,00 0,57 -0,31° -0,36 0,42
D57 -9,17° 34,17 -48,33° -126,67° 1,047 -0,13" 0,06 0,16
D559 42,75" 22,92" 20,00 -26,67 -1,78" -1,68 -171° 0,07
D560 24,25 2,50 -38,33 0,00 -1,78" 2,08 -1,41° -0,09
D562 47,00 15,00 -10,83 0,00 -191" -1,72° ~1,80° -0,02
D564 37,17 23,33 6,67 -53,33 -1,90" -1,65" -1,712" 0,14
D656 29,25 4,17 —40,00 0,00 -1,78" -2,05" -177° ~0,44

g statisticky vyznamnd zména (o < 0,05) v porovnani s neinokulovanou kontrolou ~ statistically significant change (o € 0.05) compared with

non-inoculated control

'strain, %solved P changes after Rhizobium strains incubation, 3pH changes after Rhizobium strains incubation, "KHZPO., concentration in

liquid medium before incubation

7.0

+ 6.00

o 2. |

0 25 5 15

B2222222 konc.P kontrola - conc. P control
—&— pH kontrola - pH control
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pH

1. P-solubiliza&ni aktivita rodu Rhizobium
(kmen D559) - Tricalciumphosphate solubi-
lization activity of Rhizobium (strain D559)

EZZZ3kone. P kmen D S58 - conc. P strain D S50
- - & - -pH kmen D 559 - pH strain D 559

20 osa x: koncentrace KH,PO, — x axis: concen-
tration of KH,PO,

osa y vlevo: koncentrace rozpustného P -
y axis left: concentration of soluble P
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(Murphy, Riley, 1962; Machacek, Kotek, 1987) v su-
pernatantu po desetiminutové centrifugaci pifi 5 000 otac-
kach. Intenzita zabarveni byla zméfena na spektrofoto-
metru ULTROSPEC III pfi vinové délce 710 nm, pH
kultur pomoci pH-metru (ATC pH meter PICCOLO 2).
Statistické vyhodnoceni bylo provedeno analyzou roz-
ptylu jednoduchého tfidéni, k podrobnéj§imu vyhodno-
ceni byl pouzit Scheffeho test (PC program SYSTAT).

VYSLEDKY A DISKUSE

Pro zhodnoceni P-solubiliza¢ni aktivity kazdého testo-
vaného kmenu bylo smérodatné jeho porovnani s kon-
trolou. Pozornost byla vénovéna pfipadné schopnosti
daného kmenu udrZet si tuto aktivitu i za podminek
zvySujici se koncentrace pfistupného fosforu v médiu.
Z 12 testovanych kmenu nedo$lo u kterékoli varianty
oproti kontrole ke zvySeni hladiny pristupného fosforu,
které by bylo staticky vyznamné, u téchto sedmi kme-
ni: D1, D17, D27, D39, D47, D55 a D57. Naopak u né-
kterych variant u téchto kmenu doslo ke statisticky vy-
znamnému sniZeni hladiny fosforu v prostiedi (tab. I).

Kmeny D560, D562 a D656 byly schopné solubili-
zovat Ca3(POy), v médiu ve statisticky vyznamné mife
za nepfitomnosti KH,POy, u variant s koncentraci 5, 10
a 30 mmol.I™! rozpustného fosfore¢nanu jiz nevykazo-
valy P-solubiliza¢ni aktivitu (tab. I).

Dva kmeny D559 a D564, které solubilizovaly fosfat
jak pfi koncentraci 0 mmol.I™!, tak 5 mmol.I™* KH,PO,
v médiu (tab. I), byly déle podrobnéji testovany. Kmen
D559 projevil statisticky vyznamnou schopnost P-solubi-
lizace pfi koncentracich KH,PO, 0, 2,5, 5 a 7,5 mmol.I™!
(tab. II, obr. 1), kmen D564 pouze pfi 0,2,5a 5 mmol.I™!
(tab. II, obr. 2). Vy$8i hladiny pfistupného fosforu
v médiu vedly k zastaveni P-solubilizaéni ¢innosti.

Ve vSech uvedenych pripadech byla P-solubilizace
spojena se statisticky vyznamnym poklesem hodnoty
pH. SniZeni této hodnoty se ale objevilo i u nékterych
kmenu, u nichZ nebylo zjiSt€éno P-solubilizaCni pusobeni.
I kdyZ byl né€kdy tento pokles pH statisticky vyznamny,
nedoslo k tak vyraznému sniZeni pH jako u kmeni vy-
kazujicich P-solubilizaci.

Souvislost mezi mirou P-solubilizace a poklesem pH
u rodd Rhizobium a Bradyrhizobium publikovali Mika-
novd, Kubdt (1994). Jak uvadéji Halder et al. (1991),

II. Schopnost solubilizace Cay(PO,), v tekuté kultufe s pfidavkem KH,PO, u detailné testovanych kmenu rodu Rhizobium - Rhizobium
tricalciumphosphate solubilization in liquid culture with KH,PO, addition in detail

,,K.ﬁgﬁf.?t;?:ﬁ KH,PO, Zmeay ‘;g's‘gg’e‘;‘i‘;f“’k‘;:ﬁ:i‘fgg_‘xlf.)V mediu Zména pH média pasobenim kmenu3

(mmol.I™!) D559 D364 D559 D564

0 40,08° 36,50" -1,96" -1,86"

25 33,33" 21,67° -1,91° -1,70

5 18,33 333" -1,90° -1,85°

7.5 21,257 -21,55" -1,90 ~1,80"

10 3,33 -15,00" -1,83" -191"

15 4,17 -41,67" -1,73° -1,74"

20 -30,00 -80,00" -1,23* -1,34"

’ statisticky vyznamnd zména (0. < 0,05) v porovnini s neinokulovanou kontrolou - statistically significant change (& < 0.05) compared with

non-inoculated control

'KH2P04 concentration in liquid medium before incubation, Zsolved P changes after Rhizobium strains incubation, "pH changes after

Rhizobium strains incubation

800.00
H_.,_—
700.00
600.00
A-vof--k--
—I_E_ 500.00
g 400.00
300.00
200,00
100.00 -
N
000 L | A
o] 25 {3 10 15

mmol.I"
2222272 konc.P kontrola - conc. P control
—#—pH kontrola - pH control
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EZ—TIkonc. P kmen D 564 - conc. P strain D 564
- - 4 - -pH kmen D564 - pH strain D 564

pH

2. P-solubiliza¢ni aktivita rodu Rhizobium (kmen
D564) - Tricalciumphosphate solubilization activ-
ity of Rhizobium (strain D564)

osa x: koncentrace KH,PO, - x axis: concentra-
tion of KH,PO,

osa y vlevo: koncentrace rozpustného P — y axis
left: concentration of soluble P
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P-solubilizace u bakterii rodu Bradyrhizobium se ptimo
vztahovala k poklesu pH média b&hem kultivace a zis-
tala neovlivnéna zvysujici se koncentraci rozpustného
fosforu v médiu. Tato skuteCnost ale neodpovida zjiste-
ni autord, vénujicich pozornost genetickym aspektim
P-solubilizace. Goldstein (1986) piedpoklada u bakterii
existenci gent pro solubilizaci mineralnich fosfata, pfi-
gemZ nizka hladina rozpustného fosfatu indukuje a vy-
soké4 potladuje tuto P-solubilizaéni schopnost. Vliv
vnéj8i hladiny rozpustného fosfitu na aktivitu P-solubi-
lizujicich kmeni rodu Rhizobium prokazuji i naSe vy-
sledky.
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PRACTICAL USE OF P-SOLUBILIZATION ACTIVITY
OF RHIZOBIUM SPECIES STRAINS

PRAKTICKE VYUZITI P-SOLUBILIZACNI AKTIVITY KMENU
RODU RHIZOBIUM

0. Mikanova, J. Kubat

Research Institute of Crop Production, Praha-Ruzyné, Czech Republic

ABSTRACT: Besides the nitrogen fixation, some of the Rhizobium and Bradyrhizobium strains have shown the ability to
release soluble phosphates from hardly soluble mineral P compounds. Seven R. japonicum and B. japonicum strains from the
Czech Rhizobia Collection possessing a similar nitrogenase activity and the effectivity of nitrogen fixation were tested for
their P-solubilization activity in liquid shaken cultures. Four of them, which had shown a high P-solubilization activity were
used for the production of an innovated Rizobin preparation. This preparation was then tested in non-sterile soil in a pot
experiment, in comparison with strains without P-solubilization activity and non inoculated control. It was shown that the
inoculation of soybean with Rizobin significantly increased the grain yield in all variants of P fertilization, in comparison with
non inoculated control. The same was true when Rizobin inoculation was compared with that inoculated by P-minus strains,
except for the variant fertilized by superphosphate. The inoculation with Rizobin also increased the content of labile P in soil
at the end of the experiment in variants fertilized by rock phosphate and in non fertilized variant.

Keywords: microbial P-solubilization; Rhizobium japonicum; Bradyrhizobium japonicum; P fertilization

ABSTRAKT: Nékteré kmeny rodu Rhizobium a Bradyrhizobium maji kromé& schopnosti poutat vzdu$ny dusik také schopnost
uvoliiovat fosfor z t&Zko rozpustnych mineralnich fosfatd. V tekutych tfepanych kulturdch bylo testovdno na P-solubilizadni
aktivitu sedm kmenu R. japonicum a B. japonicum (sbirka rhizobii Vyzkumného tstavu rostlinné vyroby, Praha-Ruzyné) se
srovnatelnou nitrogenazovou aktivitou. Ctyfi z kmeni, které vykazovaly vysokou P-solubilizaéni aktivitu, byly vybriny pro
vyrobu inovovaného inokulantu Rizobin. Tento inokulant byl testovan v naidobovém pokusu ve srovnéni s variantou inokulo-
vanou kmeny bez P-solubiliza¢ni aktivity a s neinokulovanou kontrolou. Vysledky ukazaly, Ze inokulace sdji preparitem
Rizobin (vyrobenym z kment s P-solubilizaéni aktivitou) zvyS$ila vynos semen, a to u viech variant hnojeni, ve srovnani
s neinokulovanou kontrolou. Pokud porovndme varianty inokulované Rizobinem a varianty inokulované kmeny bez P-solubi-
liza¢ni aktivity, také u nich inokulace Rizobinem zvysila vynos semen u vSech variant, kromé varianty hnojené superfosfatem.
Inokulace preparatem Rizobin také zvysila obsah labilniho P v piidé na konci pokusu u varianty hnojené Gafsa fosfatem a u varianty
nehnojené.

Kli¢ova slova: mikrobiélni solubilizace P; Rhizobium japonicum; Bradyrhizobium japonicum; hnojeni fosforem

INTRODUCTION organisms in natural environments. The most of the

cultivated crops thus require additional soluble P re-

Phosphorus is one of the essential nutrients for the
growth and development of plants. Its total content is
0.03 to 0.13% in arable layers in middle European soils
which is 1000 to 4000 kg P.ha~!. However, plants and
microorganisms must obtain P in a soluble ionic form
(Goldstein, 1986). Forster (1983) reported that about
1600 to 2000 kg P.ha™' is unavailable for plants, 400 to
800 kg P.ha™! may be available after desorption and
only about 0.5 to 1 kg P.ha™! is in the soil solution.
Similar data were mentioned by Goldstein, Liu (1987):
only 171500 to 1/2000 of the total P present in soil is
in solution at any given time and P is almost immobile
in the soil. These conditions often make P an important
limiting factor for the growth of plants and micro-
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sources to achieve high yields.

The most common practice in supplying crops with
P is extensive fertilization by mineral P fertilizers.
Problems with this technology include energy-intensive
processes and the need for large scale mechanical ap-
plication. Efficiency of mineral P fertilization is rather
low. In the Middle European soils it has been estimated
to be 10 to 30%. In fact, 70 to 90% of the added P is
transformed into hardly soluble forms, which are prac-
tically not available for plants. Besides of the cost of
mineral P-fertilizers, the possibility to input higher
amounts of toxic elements to soils should be mentioned,
in particular, Cd and As. Last but not least, the re-
sources of rock phosphates are limited, and their cost
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will grow up when easily available resources will be
exhausted.

Both plants and microorganisms evolved highly ef-
ficient mechanisms for absorbing mineral phosphates
from very dilute solutions. Many plants can achieve
maximum growth rates with soil solution P levels of
2 umol or less (Goldstein, Liu, 1987). In bacteria, there
is evidence for inducible phosphate uptake systems and,
in addition, some bacteria have evolved an enhanced
capability to solubilize exogenous organic and mineral
P substances.

It is known, that soil microflora is able to release P
from hardly soluble organic and mineral P-substances
by several direct and indirect mechanisms (Dommer-
gues, Mangenot, 1970). Besides of the associative micro-
flora, the ability to release P from hardly soluble com-
pounds was found also in bacteria of the Rhizobium and
Bradyrhizobium genera (Halder, Chakrabartty, 1993;
Abd-Alla, 1994; Mikanova, Kubat, 1994). These bacte-
ria are commonly used for the inoculation of the legume
crops cultivated in the Czech Republic. A commercial
preparation Rizobin has been produced for more than
40 years and it is commonly used by farmers. There was
an easy possibility to improve this commercial prepara-
tion and to introduce the effective P-solubilizing bacte-
ria in the practical use.

MATERIAL AND METHODS

Seven Rhizobium and Bradyrhizobium japonicum
strains from Czech Rhizobia Collection that had shown
a high nitrogenase activity were tested in submersion
shaken cultures. Inoculum was prepared from the collec-
tion strains destined for testing in liquid culture. 1 ml of
the inoculum was put into 100 ml of sterile nutrient
solution (Domey, 1987), in which 50 mg of non soluble
Ca,(POy), was added. Cultivation went on in flasks for
7 days at 28 °C by constant shaking. Each variant had
three replications. The content of soluble P was deter-
mined (Murphy, Riley, 1962; Machacek, Kotek, 1987)
at the end of experiment. The pH value of the medium
was determined by glass electrode.

Four of the strains tested (D563, D504, D538 and
D574) that have shown a high nitrogenase activity and
also a high P-solubilization activity were used for the
production of an innovated preparation for soybean. The
effectivity of this preparation was tested with soybean
in a pot experiment in non sterile soil.

Soybean (Glycine max L.), variety Marple Arrow,
was used as an experimental plant. Soybean was planted
into plastic pots filled with 6 kg of sieved soil from the
zero plot of the long term field experiment in the Re-
search Institute of Crop Production, Prague-Ruzyné.

Three variants of fertilization and three variants of
inoculation were included: 1. Fertilizing with Gafsa rock
phosphate in quantity corresponding to 40 kg P.ha™!,
2. Fertilizing with superg)hosphate in a quantity corre-
sponding to 40 kg P.ha™". 3. No fertilizing. In each of
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these variants the soybean seeds were alternatively in-
oculated: 1. Inoculated by innovated Rizobin (produced
from the strains possessing P-solubilization activity).
2. Inoculated by the mixture of the Rhizobium and
Bradyrhizobium japonicum strains showing low or zero
P-solubilization activity, however, a similar nitrogenase
activity (P-minus). 3. Not inoculated. Each treatment
had six replications. At the end of the experiment, grain
yield of soybean and available P in soil were determi-
ned (Bray, Kurtz, 1945). Statistic evaluation was done
by multiple way variance analysis and consecutive
comparison of mean levels by Tukey’s method.

RESULTS AND DISCUSSION

Liquid culture. The content of solubilized P in the
culture medium after 7 days of incubation is shown in
Tab. L.

The strains D563, D504, D538 and D574 have shown
a high P-solubilization activity comparable to the most
effective associative microorganisms (Mikanové, Kubit,
1994). There was approximately indirect relationship
between the content of solubilized P and pH of the
medium, after the incubation, indicating, that the drop
down of pH was the main P-solubilization mechanisms.
The strains D576, D344 and D216 have shown little or
no P-solubilization activity, however, a similar nitro-
genase activity as the previous ones.

Effectivity of the inoculation by innovated Rizo-
bin. The strains D563, D504, D538 and D574 that have
shown both high nitrogenase and P-solubilization ac-
tivities were used for the production of the commercial
preparation Rizobin for soybean. This preparation has
been produced for more than 40 years to all legume
crops cultivated in the Czech Republic. Until recently,
the strains were selected according to the crop yield,
number of nodules and the nitrogenase activity. For the
innovated Rizobin, the P-solubilization activity of the
strains was included.

The innovated Rizobin was tested in pot experiment
in comparison to the inoculation by P-minus strains,
e.g. strains D576, D344 and D216, that have shown

I. The content of the solubilized P in the culture medium after seven
days of incubation

Strain Sc()l:lg)ilpii??)l’ pH
D563 Rhizobium japonicum 64.7 5.1
D504 Bradyrhizobium japonicum 58.3 4.6
D538 Bradyrhizobium juponicum 56.4 4.8
D574 Rhizobium japonicum 437 7.6
D576 Rhizobium japonicum 1.8 8.6
D344 Bradyrhizobium japonicum 0.0 77
D216 Bradyrhizobium japonicum 0.0 8.2
No inoculation 6.1 Tl
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II. The average grain yield of soybean and labile P content in soil at
the end of the experiment

Inoculation Fertilizer Graingyield Labile l:
(g per pot) (mg P.kg™")

Gafsa rock P 422 BCD’ 15.0
Rizobin superphosphate 502D 33.0
0 48.7 D 21.0
) Gafsa rock P 33.6 ABC 03
:t:ilnnsus superphosphate 448 CD 413
0 33.2 AB 43
Gafsa rock P 256 A 4.7
i?l?)?::loz:ti(;‘:) superphosphate 225 A 723
0 239 A 113

* levels in the column designed by the same letter do not differ in
a statistically significant way (P = 0.05)

a similar nitrogenase activity and small or no P-solubi-
lization activity. The results are shown in Tab. II. The
average grain yield increased by 31.3%, 99.5% and 38.9%
in variants fertilized by Gafsa rock phosphate, super-
phosphate and zero fertilization, respectively, after the
inoculation by P-minus strains in comparison to non
inoculated control. The yield increase is due to the ni-
trogen fixation, which was the highest in the variant
fertilized by superphosphate (the growth was not limi-
ted by the lack of P).

The inoculation by innovated Rizobin, however, fur-
ther increased the grain yields, in comparison, to the
inoculation with P-minus strains. The average grain yield
was 25.6%, 12.1% and 31.6% higher in variants fertil-
ized by Gafsa rock phosphate, superphosphate and zero
fertilization, respectively. This yield increase can be
attributed to the P-solubilization activity of the inoculant.

Besides of the yield increase, the inoculation by the
innovated Rizobin increased the labile P content in soil,
at the end of the experiment in zero variant and in the
variant fertilized by Gafsa rock phosphate. This was not
true in the variant fertilized by superphosphate, in
which a lot of labile P remained by the end of experi-
ment in the variants inoculated by P-minus strains or in

the non inoculated control. There was also lower grain
yield and P-uptake in these variants.
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THE FIXATION OF ATMOSPHERIC NITROGEN IN SOME
FABACEAE SPECIES

FIXACE VZDUSNEHO DUSIKU U NEKTERYCH DRUHU BOBOVITYCH
ROSTLIN

J. Pelikan, J. Hofbauer

Research Institute for Fodder Plants, Ltd., Troubsko, Czech Republic

ABSTRACT: In two replications performed on different dates the fixation of atmospheric nitrogen was measured in some
species of the family Fabaceae. The first replication involved 48 species and the second 49 species. On the basis of the results
obtained the species were divided into four groups. Besides Lathyrus sativus the best nitrogen fixers were Trifolium incarna-
tum, Lotus corniculatus, Trifolium hybridum, Trifolium pratense, Trifolium repens, Trifolium ambiguum and annual species
of Trifolium resupinatum and Trifolium alexandrinum. In the first replication the tested species of the genus Lupinus were
very good nitrogen fixers. However, in the second replication these species formed no nodules on the roots. To make the
comparison of the species tested more effective it is recommended to calculate nitrogenase activity per | g of root dry matter.
On the basis of the calculations Lathyrus sativus, Trifolium pratense 4 n, Trifolium repens and Vicia cracca were good nitrogen
fixers in both replications.

Keywords: Fabaceae; nitrogenase activity; atmospheric nitrogen fixation

ABSTRAKT: Ve dvou &asovych opakovénich byla méfena fixace vzduiného dusiku u né€kterych druhi &eledi Fabaceae.
V prvém Casovém opakovani $lo 0 48 druhti a ve druhém o 49 druhi. Na zdklad€ dosaZenych vysledki byly druhy rozdéleny
do &ty skupin. Jako nejlépe fixujici se vedle Lathyrus sativus ukazaly druhy Trifolium incarnatum, Lotus corniculatus,
Trifolium hybridum, Trifolium pratense, Trifolium repens, Trifolium ambiguum a jednoleté druhy Trifolium resupinatum
a Trifolium alexandrinum. V prvnim Casovém opakovéni velice dobfe fixovaly zkouSené druhy rodu Lupinus. Ve druhém
Casovém opakovani v§ak u téchto druhi nebyly na kofenech zjistény hlizky. Pro lepsi srovnani jednotlivych zkouSenych druhi
je vhodné piepoditat aktivitu nitrogendzy na 1 g sudiny kofeni. Po tomto pfepotu se v obou ¢asovych opakovénich ukézaly

jako dobfe fixujici Lathyrus sativus, Trifolium pratense 4 n, Trifolium repens a Vicia cracca.

Kli¢ova slova: Fabaceae; aktivita nitrogenédzy; fixace vzdu§ného dusiku

INTRODUCTION

Fixation of atmospheric nitrogen by symbiotically
living microorganisms on the roots of plants is an im-
portant element in nitrogen cycle in the ecosystem.

The ability to fix atmospheric nitrogen and to enrich
a soil with the nutrient for successive crops is very impor-
tant. Nitrogen fixation has received great attention world-
wide. In clover the average N fixation is about 150 kg.ha‘l
(Mareckova, 1983). According to some authors the avera-
ge N fixation is estimated to be from 100 to 200 kg.ha_l.
Nitrogen obtained in this way is very cheap and therefore
there is an effort to exploit this character. In introducing
new species into cultivation under the conditions of the
Czech Republic it is essential to know the situation of
fixation at the time of introduction of the species.

MATERIAL AND METHODS

To study the activity of nitrogenase under natural
conditions the seeds of the species tested were sown in
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the open ground in Troubsko (mean year temperature
8.56 °C, total annual precipitation 547 mm). For the first
measurement the seeds were sown on April 16 and for the
second measurement on June 25. As the plants were an-
nual, biennial and perennial species with different rates of
growth and development the measurements could not be
made at the same stage of development.

Nitrogenase activity was measured by indirect method
utilizing acetylene reduction to ethylene (Skrdleta et al.,
1976; Simek et al., 1987). Prior to the measurement, the
plants were removed from the soil and placed into air-
tight containers and acetylene was added to individual
samples. The measurement itself was always made on
the roots of three plants. After | hour incubation nitro-
genase activity was measured by determining ethylene
quantity by gas chromatography (gas chromatograph
Chrom 5, flame ionization detection, glass column with
Porapak N filling). Each measurement was compared
with standard ethylene manufactured by the Supelco
company. For better comparison dry matter of the roots
was measured and calculation per 1 g of dry matter was
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. Values of nitrogenase activity in individual species and conversion to | g of root dry matter and the ranking of species

Species Measurement 1 Measurement 2

A B {54 D E F A B (& D E F
Phaseolus coccineus 10 26 639.10 7 1354.00| 26
Phaseolus vulgaris var. nanus 10 26 |1133.20 5 | 622050 9
Phaseolus vulgaris var. communis | 10 26 107.80 | 21 492.10| 30
Pisum sativum (semi-leafless) 18 46 41.20 | 33 309.30| 35
Pisum sativum (green seeds) 18 46 4460 | 32 262.35| 36
Pisum sativum (yellow seeds) 18 46 | 1 464.00 4 | 795290| 3
Lathyrus sativus 11 39 [2539.60 1 |11435.80 1 18 64 |(731.90 1 5996.08| 3
Cicer arietinum (brown seeds) 1 39 0.00 0.00 8 74 0.00 0.00
Cicer arietinum (yellow seeds) 11 39 0.00 0.00 8 74 0.00 0.00
Lupinus nanus ' 11 39 776.00 6 | 4084.20| 11 14 68 0.00 0.00
Lupinus affinis 8 42 0.00 0.00 14 68 0.00 0.00
Lupinus albus 11 39 | 1739.40 2 | 7906.40| 4 8 74 0.00 0.00
Lupinus pubescens 8 42 | 1 680.00 3 | 8000.00f 2 14 68 0.00 0.00
Lupinus mutabilis 8 42 0.00 0.00 14 68 0.00 0.00
Lupinus luteus 13 37 0.00 0.00
Tetragonolobus purpureus 11 39 0.00 0.00 18 64 0.00 0.00
Galega officinalis 13 50 0.00 0.00 12 61 0.00 0.00
Lotus ornithopodioides 13 50 0.00 0.00 14 68 0.00 0.00
Medicago litoralis 13 50 89.20 | 25 985.00| 28 14 68 |[513.47 2 |12 086.01 2
Vicia angustifolia 21 42 133.80 | 18 194190 21
Vicia tetrasperma 39 24 40.10 | 34 1 560.30| 24 29 53 89.20 | 15 294.78 | 34
Trigonela coerulea 11 52 0.00 0.00 12 71 | 167.25 8 231008 11
Trigonella foenum graecum 11 52 47.60 | 30 443.70| 32 12 97 |466.27 3 |189338 1
Medicago lupulina 11 52 12640 | 19 | 2744.60( 17 14 69 6399 | 23 1257.45| 19
Melilotus albus (biennial) 11 52 44,60 | 31 330.70| 34 12 71 3878 | 26 324.07| 33
Trifolium campestre 11 52 3570 | 35 144130 25 14 68 0.00 0.00
Medicago sativa 11 52 105.60 | 22 463.70| 31 12 71 9695 | 14 538.89| 27
Onobrychis viciifolia 11 52 303.30 | 13 239170 20 14 69 37.80 | 27 155.05| 35
Trifolium incarnatum 11 52 19030 [ 15 | 2966.00| 16 12 83 [223.01 6 | 441472 5
Trifolium resupinatum 13 50 518.90 8 4 405.00| 10
Trifolium alexandrinum 11 52 35230 12 | 351090( 14
Medicago truncatula 8 60 118.40 | 20 1 560.90| 23 14 68 33.16 | 28 557.74| 26
Vicia hirsuta 24 39 13.90 | 36 400.40| 33 36 73 | 14698 | 10 1739.87| 13
Anthilis vulneraria 13 55 9.20 | 37 132.40( 37 46 49 27.88 | 29 34335 31
Trifolium hybridum 11 57 449.10 | 10 | 347190 15 36 59 69.69 | 21 38933 7
Trifolium pratense 2 n 11 57 42290 | 11 3534.40| 13 12 71 79.51 18 1191.57| 20
Trifolium pratense 4 n 11 57 96.90 | 24 | 739215 5 14 69 |[277.29 5 2 819.08( 10
Trifolium repens 11 57 14920 ( 17 | 738031 6 12 71 86.29 | 16 1688.33| 14
Lotus corniculatus 11 57 61.50 | 29 7:371:52 7 14 69 8435 17 938.39 : 21
Coronilla varia 47 21 104.60 | 23 1 176.00| 27 36 47 42,66 | 25 662.38| 24
Trifolium ambiguum 11 57 509.00 9 | 3861.40( 12 14 81 |[353.08 4 1371.85| 17
Trifolium aureum 13 55 80.00 | 27 | 252520 19 41 68 1622 | 32 1583.18| 15
Lathyrus pratensis 1 47 21 0.00 0.00 41 68 14.19 | 33 921.80| 23
Vicia cracca 29 39 276.80 | 14 | 270840 18 36 47 7272 | 20 | 346650 8
Trifolium montanum 39 43 27.45 30 57547 25
Galega orientalis 41 61 0.00 0.00
Astragalus cicer 36 59 | 142,17 | 11 1419.05| 16
Astragalus glycyphylus 41 68 507 | 35 432.16| 29

412 ROSTLINNA VYROBA, 45, 1999 (9): 411-414



Continuation of Tab. I

Specls Measurement 1 Measurement 2
A B C D E F A B C D E F

Medicago distiformis 18 77 |130.08 [ 13 | 4 296.87
Trifolium fragiferum 36 59 |167.25 9 174274 | 12
Trifolium glomeratum 36 59 | 167.26 7 131451 18
Melilotus albus (annual) 11 52 181.37 16 173990 22 12 70 49.18 | 24 92375 | 22
Trifolium semipilosum 13 50 89.20 26 874.50 | 29 36 73 3.04 | 36 153.20 | 36
Lotus uliginosus 36 59 7563 | 19 | 5730.87 4
Trifolium panonicum 26 69 | 130.08 | 12 399.08 | 30
Lupinus polyphylus 18 50 0.00 0.00 39 44 0.00 0.00
Trifolium medium 13 55 7840 | 28 | 7369.48 8 18 77 69.69 | 22 32734 32
Trifolium arvense 39 70 760 34 | 287273 9
Trifolium alpestre 41 68 18.25 | 31 44951 | 28

A = number of days from sowing to emergence D = ranking

B = number of days from emergence to measurement E = nitrogenase activity per 1 g of root (in nM)

C = nitrogenase activity per plant per hour (in nM) F = ranking

performed. The values of nitrogenase activity given in
the table are the average of the three measurements and
they are converted to nmol/plant/hour (Skrdleta et al.,
1976; Simek et al., 1987).

RESULTS AND DISCUSSION

All the results obtained in both measurements are
presented in Tab. I which also gives the number of days
from sowing to emergence and the number of days from
emergence to measurement for each species. The values
of nitrogenase activity obtained at the measurement and
their conversion per 1 g of dry matter of roots are pre-
sented with the ranking of species within the total popu-
lation. On the basis of the results obtained the species
tested can be divided into four groups. The group 1
includes the species which showed values that were
highly significantly higher than the median of the popu-
lation, the group 2 are the species whose values are
within the limits of the interval estimate of the median

(at P = 99%), the group 3 comprises the species whose
values are highly significantly lower than the interval
estimate of the median, and the group 4 contains the
species which showed no nitrogenase activity. The per-
centage of species in individual groups is given in Tab. II
which also gives some basic statistical characteristics.
In the measurement 1 no fixation of atmospheric
nitrogen was found in 11 species, which is 22.92% of
the total and in measurement 2 in 13 species (26.53%
of the total). In both measurements no N, fixation was
recorded in Cicer arietinum (dark-seeded and light-seeded
type), Lupinus affinis, Lupinus mutabilis, Tetragonolobus
purpureus, Galega officinalis, Lotus ornithopodioides
and Lupinus polyphylus. In the measurement 1 no N,
was fixed in Lupinus luteus, which failed to emerge for
measurement 2, and also in Trigonella coeruela and
Lathyrus pratensis, which, however, fixed nitrogen in
the measurement 2. Another four species, which fixed
N, in the measurement 1, did not fix N, in the measu-
rement 2. These were Lupinus nanus, Lupinus albus,
Lupinus pubescens and Trifolium campestre. No N, fixa-

IL. Proportions of species in groups and basic statistical values of the population

Gronp Measurement 1 Measurement 2
nitrogenase activity | NA/g of root dry matter | nitrogenase activity | NA/g of root dry matter
1 14.58% 20.83% 12.24% 12.24%
2 18.75% 22.92% 32.65% 28.57%
3 43.75% 35.42% 28.57% 32.65%
4 22.92% 22.92% 26.53% 26.53%
Maximum 2 539.60 11 435.80 731.90 18 933.82
Minimum 9.20 132.40 3.04 153.20
Mean 399.82 3316.25 131.26 2 447.93
n 37 37 36 36
Interval estimate of mean (P = 99%) 166.37-633.27 2 135.14-4 497.36 66.80-195.72 960.20-3 935,66

ROSTLINNA VYROBA, 45, 1999 (9): 411-414

413



tion was found in Galega orientalis, which did not emerge
for measurement 1. No nitrogen fixation in Tetragono-
lobus purpureus and Lotus ornithopodioides was found
at earlier measurements. In red clover the results of
nitrogenase activity corresponded with the conclusions
of other authors (Uzik, 1996).

In the measurements 1 and 2 the highest values of
nitrogenase activity were found in Lathyrus sativus
(2539.6 and 731.9, resp.). In the measurement 1 the
following species were classified into the group 1: Pha-
seolus coccineus (Phaseolus miltiflorus), Phaseolus vul-
garis var. nanus, yellow-seeded Pisum sativum, Lupinus
nanus, Lupinus albus and Lupinus pubescens. In the
measurement 2 the species of the genera Phaseolus and
Pisum were not included and in the species of the genus
Lupinus nitrogenase activity was not proved. In this
measurement besides Lathyrus sativus the group com-
prised Medicago litoralis, Trigonella foenum-graecum,
Trifolium incarnatum, Trifolium ambiguum and Trifo-
lium pratense (4 n). Overall, the group 1 included seven
species in the first measurement which is 14.58% of the
total population and six species (12.24%) in the second
measurement. The lowest value for putting the species
into this group was 633.3 nmol/plant/hour in measure-
ment 1 and 195.7 nmol/plant/hour in the measurement 2.

To make comparison easier nitrogenase activity was
calculated per 1 g of root dry matter. In the measure-
ment 1 the highest values were found in Lathyrus sati-
vus, Lupinus pubescens, yellow-seeded type of Pisum
sativum, Lupinus albus, Trifolium pratense 4 n, Trifolium
repens, Lotus corniculatus, Trifolium medium, Phaseo-
lus vulgaris var. nanus, Trifolium resupinatum, Lupinus
nanus, Trifolium ambiguum, Trifolium pratense 2 n, Tri-
folium alexandrinum, Trifolium hybridum, Trifolium in-
carnatum, Medicago lupulina, Vicia cracca, Trifolium
aureum and Onobrychis viciifolia, in the measurement 2
in Trigonella foenum graecum, Medicago litoralis,
Lathyrus sativus, Lotus uliginosus, Trifolium incar-
natum, Medicago distiformis, Trifolium hybridum, Vi-
cia cracca, Trifolium arvense, Trifolium pratense 4 n,
Trigonella coreulea, Trifolim fragiferum, Vicia hirsuta,
Trifolium repens, Trifolium aureum, Astragalus cicer,
Trifolium ambiguum, Trifolium glomeratum, Medicago
lupulina and Trifolium pratense 2 n. All the species
showed significantly higher values than the interval es-
timate of the median value of the population. In the
measurement 1 this group involved 20.8% of the spe-
cies tested and in the measurement 2 it included 12.2%
of the species. The lowest values for nitrogenase activity

for inclusion into this group in the measurements | and
2 were 4497.4 and 3935.7 nmol/plant/hour, respectively.

N, fixation measurement is affected by temperature,
humidity, light intensity and other factors (sampling
under field conditions). The fact that some species did
not fix nitrogen was due to their origin. Some species
which are not native to our conditions did not form
active nodules due to the absence of specific rhizobia.
Without adding artificially produced rhizobia in the form
of inoculant specific for each species, it is ineffective
to grow these species as previous crops with the aim of
increasing soil N contents. On the other hand, a number
of non-native species was found which showed nitro-
genase activity and subsequently atmospheric nitrogen
fixation. These species accept rhizobia belonging to the
species commonly grown in our country. The best pre-
vious crops appear to be Lathyrus sativus, Trifolium
incarnatum, Trifolium repens, Trifolium pratense, Tri-
folium hybridum, Lotus corniculatus and of non-native
species Trifolium ambiguum and annual Trifolium alexan-
drinum and Trifolium resupinatum. As for the genus
Lupinus, the experiments should be repeated because in
the measurement 1 the species gave good results
whereas in the measurement 2 they did not show any
activity and no nodules were formed on their roots.
They might have been damaged by pulling out of the
soil but most probably they negatively responded to the
lack of rainfall and extremely high temperatures of the
air and the soil during July and August.

The aspects of nitrogenase activity were studies as
part of the research project NAZV CR EP0960006288.
The use of forage and other plant species in agriculture
and landscaping.
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VLIV SKLADOVANI PUDNICH VZORKU
NA MIKROBIALNI BIOMASU A JEJI AKTIVITU

INFLUENCE OF STORAGE OF SOIL SAMPLES ON MICROBIAL
BIOMASS AND ITS ACTIVITY

M. Simek, H. Santriackova

Institute of Soil Biology, Academy of Sciences of the Czech Republic; University of South
Bohemia, Faculty of Biological Sciences, Ceské Budéjovice, Czech Republic

ABSTRACT: Sampling of soil causes changes in its natural environment: among others, soil structure and aeration status are
disrupted and soil temperature and moisture are usually affected. This results in changes of soil microbial biomass and
disruption of important biological processes. Although in general not recommended (Anderson, 1987), soil samples are often
stored after sampling and before analyses, as for various reasons they cannot be processed immediately. The objective of this
study was to assess the impact of soil storage on microbial biomass and its activities. Soils were sampled in several sites in
the Czech Republic, mostly from plots of long-term field experiments (soils Jaro, Lipa, Luka, Iva) or from ordinary fields
(soils from Netfebice and ChelCice). Microbial biomass, bazal and glucose-induced respirations and nitrifying activity were
determined using standard methods; the results are expressed per gram of dry soil. As shown in Fig. 1, storage of most soils
at 4 + 2 °C influenced microbial biomass. After one week storage, both increase and decrease of microbial biomass were
recorded. During further storage (after 18 as well as 60 weeks) decrease of microbial biomass was found. However, only small
fluctuations of microbial biomass but large increases of bazal respiration were found in soil stored at constant moisture at
laboratory conditions (18 to 25 °C) for 56 weeks (Tab. I). Microbial biomass in air-dried soil first increased, but then decreased,
while bazal respiration was slightly increased (Tab. II). Glucose-induced respiration fluctuated at the beginning of soil storage
at 4 + 2 °C and decreased later on (Fig. 2). Nitrifying enzyme activity was determined in refrigerated (4 + 2 °C) as well as
in frozen (=20 °C) soils, the latter defrosted quickly (2 hours) and/or slowly (2 days) before the measurements. As shown in
Fig. 3, it was enhanced in soils after 2 and 11 weeks of storage at 4 + 2 °C. When the frozen soils were defrosted quickly,
the activity was significantly lower, while in soils defrosted slowly it was significantly higher in comparison with soils stored
at 4 + 2 °C, The results showed that microbial biomass and its activities can be substantially changed during the storage of
soils after sampling. It was also found that various soils (that is soils from different sites or differently fertilized soils) can
respond differently. It is likely that after sampling there is a few days’ fluctuation period of control and regulatory factors,
which is then reflected in fluctuation of microbial biomass and activities. Although Stenberg et al. (1998) recommend freezing
when soils are to be stored, our results show that microbial activities in defrosted soils can be substantially changed. When
processing freezed soils, the critical step is defreezing. We suggest that refrigeration of soils at about 4 °C is the most careful
mode of storage but not even in this case uncontrolled changes in soils can be excluded.

Keywords: storage of samples; soil; microbial biomass; respiration; nitrifying activity

ABSTRAKT: Odbér pidnich vzorkl vede k naru$eni pfirozenych poméri v piidé, které se pfi nasledném skladovani projevuje
zménami mikrobidlni biomasy a jeji aktivity. UloZeni pidnich vzorki pii 4 + 2 °C vedlo ke kolisani mikrobidlni biomasy
a glukozou indukované respirace b&hem prvnich né€kolika dni skladovani a pozdé&ji k jejich poklesu. Aktivita nitrifikaénich
enzymu byla naopak pfi stejném zpiisobu uloZeni zvy$ena. VysuSeni pudy znamenalo je$t&¢ vyznamnéjsi zdsah do pomérd
v pidé& neZ zchlazeni pidy a vedlo k podstatnému sniZeni mikrobialni biomasy. Kritickym krokem pfi uchovavani zmrazenych
pudnich vzorkd je jejich rozmrazovani pfed analyzou. Nelze-li provést stanoveni mikrobiélni biomasy a jeji aktivity v pudnich
vzorcich ihned po odbéru, nejSetrnéjsim zplisobem uloZeni je zchlazeni na cca 2 az 5 °C. I tak v8ak v uloZenych vzorcich
miZe dojit k t&Zko kontrolovatelnym zm&nam.

Klicova slova: skladovani vzorki; piida; mikrobidlni biomasa; respirace; nitrifikadni aktivita

UvVoD mickych i fyzikalnich parametri muZe uplynout rizné
dlouhd doba. Je to ddno mnoha okolnostmi, napf. vzor-

Mezi odbérem pudnich vzorkd a jejich zpracovanim  ky je nutné po odbéru pievézt do laboratofe, jednotlivé
pro stanoveni nejraznéjSich pudné-biologickych, che- analyzy jsou pracné, mélokdy je k dispozici dostatek
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pracovnich, materialovych a pfistrojovych kapacit na oka-
mZité provedeni vSech pozadovanych stanoveni. Nékdy
je vyhodné ¢i dokonce potiebné vykonat jednotlivé ana-
lyzy postupné (pro jistou analyzu musime mit jiZ k dispo-
zici tdaje z jinych zkoumani) apod. Skladovanim piid-
nich vzorkl se v8ak zvy$uje mira nejistoty, s jakou lze
zji§téné udaje povaZovat za reprezentativni a dobfe cha-
rakterizujici danou pudu. Situace neni vétSinou nijak
kritickd pfi stanovovani vétSiny fyzikalnich a chemic-
kych charakteristik, dodrZi-li se vyzkouSené postupy,
i kdyZ i v téchto pfipadech muZe béhem skladovani
pudnich vzorkd dochazet k zdsadnim a nekontrolova-
telnym zménam napf. anorganickych forem dusiku (Ri-
7ek, Mouchova, 1998; Travnik et al., 1998) nebo pH
(Prodromou, Pavlatou-Ve, 1998).

V pfipadé mikrobidlnich parametr je téméf jisté, Ze
v prubéhu skladovéni piidy dojde k jejich ovlivnéni. Mezi
vyznamné pii¢iny zmén mikrobialnich parametrt pfi skla-
dovani pud patfi naruSeni pivodniho stavu mnoha fak-
tort prostfedi. Jiz odbérem pudnich vzorkd se zasadné
zméni aera¢ni status pady a dojde k poruseni pfirozené
struktury pudy. Pfi ndsledné manipulaci a transportu se
obvykle zméni teplota pudy, pfi skladovani se vedle
toho témé&F vZdy méni pidni vlhkost. Nicméné striktni
poZadavek na okamzité zpracovéni pidnich vzorki ihned
po odbéru (Anderson, 1987) lze dodrZet jen zfidka
a padni vzorky je tedy nutné skladovat. Prakticky exis-
tuji &tyfi moZnosti, jak pidni vzorky (zejména s ohle-
dem na teplotu a vlhkost) skladovat: uloZeni pfi labora-
torni teploté, uloZeni v chladni¢ce, vétsinou pii 2 az 5 °C,
zmraZeni na —20 aZ —-80 °C a vysuseni.

Problematice odbéru, tprav a skladovéani pudnich
vzorkd se na naSem pracovisti vénujeme systematicky
jiz del$i dobu (Simek et al., 1998; Simek, Webster, 1999).
Cilem pfedloZeného pfispévku je informovat o vysled-
cich studia vlivu skladovani padnich vzorkd na mikro-
bidlni biomasu a nékteré mikrobidlni aktivity. Tyto pa-
rametry mikrobidlniho spoledenstva pid se stale Castéji
stanovuji na rtiznych vyzkumnych pracovistich v CR.
Nage zku$enosti mohou byt voditkem pfi rozhodovani,
jakym zpusobem a jak dlouho pidni vzorky skladovat
nebo radéji neskladovat vibec.

MATERIAL A METODA

Vzorky pud byly odebirdany na nékolika lokalitach
z maloparcelkovych polnich pokust i z provoznich ploch.
Puda oznafend Jaro je z polniho pokusu Ustiedniho
kontrolniho a zkugebniho ustavu zemé&d&lského (UKZUZ)
v Jaroméficich n. R. (pis€itohlinitd kambizem, Jaro-0 ne-
hnojena, obsah oxidovatelného uhliku [C,] 1,00 %, ob-
sah celkového dusiku [Ny,] 0,10 %, pHH 0 6,27; Jaro-
-NPK hnojend NPK a hnojem, vdpnénd, C,, 1,18 %, N,
0,11 %, pHy 0 6,35). Puda Lipa je ze stejneho pokusu
UKZUZ v Llpé (pis¢itohlinitd kambizem, Lipa-0 ne-
hnojena, C, 1,02 %, Ny, 0,10 %, PHH;O 5,79; Lipa-
-NPK hnojend NPK a hnojem, vapnéna, C,, 1,20 %,
Nigt 0,14 %, pHy o 6,23). Pida Luka je z polniho pokusu
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Vyzkumného tstavu rostlinné vyroby (VURV) v Lu-
kavci (piscitohlinita kambizem, Luka-0 nehnojend, C,,
1,22 %, Ny, 0,21 %, pHy o 6,86; Luka-NPK hnojend
NPK a hnojem, C, 1,37 ‘% No 0,21 %, pHy ,0 6,60).
Puda Iva je ze stejneho pokusu VURV v Ivanovxclch na
Hané (hlinitd degradovana ernozem, Iva-0 nehnojena,
Cox 1,55 %, Ny, 0,22 %, pHy o 8,05; Iva-NPK hnojend
NPK a hnojem, C,, 1,65 %, Izlmt 0,22 %, pHy ,0 7,77).
Ptda z Netiebic byla odebrdna z provozniho honu (pis-
Citohlinitda kambizem, Cy, 1,02 %, Ny 0,11 %,
pHy ,0 5,66) a piida z Cheléic z pokusné lokality Ustavu
pudm biologie Akademie v&d Ceské republiky (UPB)
Ceské Budgjovice (piscitohlinita kambizem, C,, 1,16 %,
Niot 0,12 %, pHy ,0 6,00). Puady byly po odbéru homo-
genizovany a frakee < 2 mm pouZita k experimentiim.

Mikrobidlni charakteristiky pid byly stanovovany
standardnimi metodami: mikrobidlni biomasa metodou
fumigacni extrakéni (Vance et al., 1987), gluk6zou in-
dukovana respirace byla méfena jako aerobni produkce
CO, po 1 a2 h po obohaceni 10 g pady 50 mg glukézy
a CO, byl stanoven plynovou chromatografii, bazélni
respirace byla méfena jako produkce CO, béhem 10denni
inkubace pfi 25 °C. Aktivita nitrifikaénich enzymu byla
stanovena pfi kratkodobé inkubaci (8 h) pfi teploté 28 °C
metodou inhibice oxidace nitritd (Schmidt, Belser, 1982).
Nitrity byly stanoveny kolorimetricky (Keeney, Nelson,
1982). VSechny vysledky jsou uvedeny v prepoctuna | g
suché pudy. Statistickd prikaznost rozdili mezi priméry
byla hodnocena analyzou variance a Student-Newman-
-Keulsovym testem, P < 0,05.

VYSLEDKY A DISKUSE

Na obr. 1 jsou uvedeny vysledky méfeni mikrobialni
biomasy v Cerstvé odebranych padach Jaro a Lipa
a v pudach uloZenych pii 4 = 2 °C v polyetylenovych
sé&cich ve tmé po dobu 60 tydnu. Mikrobialni biomasa
v uloZenych vzorcich pidy byla stanovena po 1, 18
a 60 tydnech. Po vyjmuti z chladiciho boxu byly vZdy
pidy rozvazeny do banék a ponechény 1 h pfi labora-
torni teploté; poté byla stanovena mikrobialni biomasa.
Jak vyplyva z obr. 1, po 1 tydnu skladovéni bylo zjis-
téno jak snizeni (Jaro-0, Lipa-NPK), tak zvySeni (Lipa-0,
Jaro-NPK) mikrobidlni biomasy v pudé. SniZeni Ci zvy-
Seni mikrobidlni biomasy tak evidentné nesouviselo
s hnojenim nebo nehnojenim t&chto pud. Pfi jinych po-
dobnych méfenich (Elhottova et al., 1998) jsme zjistili,
Ze mikrobidlni biomasa muZe velmi kolisat v obdobi
nékolika dnii aZ tydni po odbéru, patrné jako dusledek
zmény aera¢niho stavu plidy a dalSich faktord, a to bez
ohledu na podminky skladovéni. Jak dale vyplyva
z obr. 1, po 18 tydnech skladovéni byla ve vech &ty-
fech puadich zjiSténa nizsi mikrobialni biomasa nez
v pudéch ihned po odbéru; v ptidé Lipa-NPK bylo toto
sniZeni statisticky prikazné. Po 60 tydnech byla u tfi
pud zji§téna statisticky prikazné niZ$i mikrobidlni bio-
masa neZz v piddch ihned po odbéru; vyjimkou byla
puda Jaro-0, kde doslo k mirnému (neprikaznému) na-
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- <= Jaro-0 —®—TJaro-NPK - %= Lipa-0 —e—Lipa-NPK

1. Mikrobidlni biomasa (Cp;.) v prib&hu skladovini nehnojenych (0)

mic
a hnojenych (NPK) pud z lokalit Jaroméfice (Jaro-0; Jaro-NPK)
a Lipa (Lipa-0; Lipa-NPK) pfi 4 * 2 °C po dobu 60 tydni; praméry
ze 4 opakovini a + smérodatné odchylky — Microbial biomass (C;.)
during storage of unfertilized (0) and fertilized (NPK) Jaroméfice
(Jaro-0; Jaro-NPK) and Lipa (Lipa-0; Lipa-NPK) soils at 4 + 2 °C
for 60 weeks; means of 4 replicates and + standard deviations

osa x: tydny — x axis: weeks

rastu mikrobidlni biomasy. V piidé uloZené v laboratofi
pfi 18 aZ 25 °C a pribézné dovlh¢ované na pavodni
vlhkost jsme naproti tomu zjistili jen mirné zmény mik-
robidlni biomasy (tab. I), av8ak velmi vyrazné zvySeni
bazélni respirace, a to i po 56 tydnech. Tento vysledek
je o to prekvapivéjsi, Ze $lo o pudu s jen primérnym
obsahem organické hmoty (C,x 1,02 %), aviak s po-
mérné vysokym obsahem mikrobidlni biomasy (539 mg
Cpnic-g 1. Zasoba mineralizovatelného C piesto musela
byt dosti vysokd k tomu, aby nedoSlo k postupnému
vy&erpani substratu (Coxson, Parkinson, 1987) a aby se
po dobu jednoho roku v piidé nejen udrZela, ale dokon-
ce podstatn& zvysila bazalni respirace. Skladovani pud-
nich vzorkd vysuSenych na vzduchu vedlo nejprve ke
zvy$eni mikrobidlni biomasy a pozdéji k jejimu vyraz-
nému poklesu (tab. II). Bazalni respirace ve vysuSenych
pudnich vzorcich (pfed méfenim ovlhéenych na pivod-
ni vlhkost) byla stimulovana i u vzorki uloZenych
630 dnut, pravdépodobné v disledku zvySeni obsahu
vyuZitelného uhliku odumienim nékterych populaci
mikroorganismi.

Na obr. 2 je uvedena glukézou indukovana respirace
(GIR) v nehnojené (Jaro-0) a hnojené (Jaro-NPK) pudé
z lokality Jaroméfice, méfena celkem S$estkrat b&hem
28 dnu skladovani pfi 4 = 2 °C. Pady byly uloZeny
v polyetylenovych sécich ve tmé&. UloZené pudy byly
po vyjmuti z chladiciho boxu rozvaZzeny do inkubac-
nich lahvi a ponechany 2 h pii teploté 25 °C. Pii téZe
teploté byla po obohaceni vzorku gluk6zou méfena res-
pirace. Je zfejmé, Ze pres jisté poatecni kolisani doslo
v obou pudéich nejprve k mirnému zvySeni respiraéni
aktivity a pozdé&ji k jejimu sniZeni. Po 28 dnech uloZeni
byla v obou pidich stanovena niZsi GIR neZ v Zerstvé
odebranych pudéch a v pfipadé nehnojené pudy (Jaro-0)
byl tento rozdil statisticky prikazny.

Aktivita nitrifikaénich enzymt (NEA) byla méfena
v piiddch skladovanych pfi 4 °C po dobu 2 a 11 tydnd
av pudach 11 tydni zmrazenych na -20 °C. Pady ulo-
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1. Mikrobidlni biomasa (C,y,;,) a bazélni respirace pidy (Resp) v pribé-
hu skladovini pidy z lokality Netfebice v laboratornich podminkich
(18-25 °C) pfi kostantni vlhkosti; priméry ze 4 opakovini, v zivor-
kach smérodatné odchylky; riiznd pismena znadi statisticky pritkazné
rozdily (analyza variance, P < 0,05) - Microbial biomass (C,,;.) and
basal soil respiration (Resp) during storage of Netfebice soil at con-
stant moisture in laboratory conditions (18-25 °C); means of 4 rep-
licates, in brackets standard deviations; different letters indicate
significant differences (analysis of variance, P < 0.05)

Doba skladovani! Ciie Resp
(tyden?) (g Cg™ (g CO-C.g”d™h)
0 539,2 (13,8) ab 27,1 (1,4) a
22 5213 (7,2) a 56,9 (1,7) b
56 558,5 (49) b 68,7 (3,6) ¢

'time of storage, “week

11. Mikrobidlni biomasa (C;.) a bazélni respirace plidy (Resp) v prii-
béhu skladovini pudy vyschlé na vzduchu z lokality Chel€ice; pri-
méry ze 4 opakovini, v zdvorkdch sm&rodatné odchylky; rizn pismena
znadi statisticky prikazné rozdily (analyza variance, P < 0,05) - Mi-
crobial biomass (Cp,;.) and basal soil respiration (Resp) during sto-
rage of air-dried Chelice soil; means of 4 replicates, in brackets
standard deviations; different letters indicate significant differences
(analysis of variance, P < 0.05)

Doba skladovéni' Ciiic Resp
(den?) (g Cg™) (Mg CO-Cg™'d™)
0 324 (12,7) a 14,9 (0,5) a
| 369 (8,6) b 14,8 (0,2) a
7 419 (214) ¢ 16,8 (0,4) b
60 200 (9,3) d 16,6 (0,7) b
630 110 (74) e 21,5(0,5) ¢

'time of storage, 2dny

GIR (ul COyg"'h™)

2. Glukézou indukovand respirace (GIR) v nehnojené (Jaro-0) a hno-
jené (Jaro-NPK) padé z lokality Jaroméfice b&hem 28 dni skladovani
pfi 4 £ 2 °C; priméry ze 4 opakovini a * smérodatné odchylky —
Glucose induced respiration (GIR) in unfertilized (Jaro-0) and fertil-
ized (Jaro-NPK) Jaroméfice soils stored at 4 £ 2 °C for 28 days;
means of 4 replicates and * standard deviations

osa x: dny - x axis: days
Zené pri 4 = 2 °C byly po vyjmuti z chladiciho boxu
rozvazZeny do inkuba&nich lahvi a ponechdny 1 h pfi

teploté 28 °C. Poté byl pfidan optimalizacni roztok
a stanovena NEA. Zmrazené vzorky byly rozmrazeny
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NEA (ug NO,-N-g'h™)

Luka-0

Luka-NPK

Iva-0

3. Aktivita nitrifika¢nich enzyma (NEA) v nehnojenych (0) a hnojenych (NPK) pudich z lokalit Lukavec (Luka-0; Luka-NPK) a Ivanovice
(Iva-0; Iva-NPK) v ¢erstvé odebranych pudach (0), v piddch uloZenych pii 4 £ 2 °C po dobu 2 tydni (2) a 11 tydni (11) a v pidédch uloZenych
11 tydni pfi —20 °C rozmrazenych pfed méfenim rychle behem 2 h (RR) a pomalu b&hem 2 dnii (PR); priiméry ze 3 opakovini a + smérodatné
odchylky — Nitrifying enzyme activity (NEA) in unfertilized (0) and fertilized (NPK) Lukavec (Luka-0; Luka-NPK) and Ivanovice (Iva-0;
Iva-NPK) fresh soils (0), in soils stored at 4 + 2 °C for 2 weeks (2) and 11 weeks (11) and in soils stored for 11 weeks at -20 °C defrosted
quickly during 2 hours (RR) or slowly during 2 days (PR); means of 3 replicates and * standard deviations

bud pomalym, nebo rychlym zpisobem. Pomalé roz-
mrazovani probihalo ve tfech etapich: nejdiive 33 h pri
5 °C, pak 12 h pfi 20 °C a 3 h pfi 25 °C. Rychlé
rozmrazovéni, pii kterém byla pida v polyetylenovém
satku ponoiena do vodni lazné 30 °C teplé, trvalo 2 h.
Aktivita nitrifikadnich enzymu se v prabéhu skladovani
pud pii 4 + 2 °C zvySovala. Toto zvySeni nebylo po
2 tydnech skladovani pritkazné, ale po 11 tydnech byla
ve viech pudach zji§téna statisticky prikazné vyssi
NEA neZ v Cerstvé odebranych pidach (obr. 3). Na
aktivitu nitrifikaénich enzymut v padach uloZenych pfi
-20 °C mél zdsadni vliv zplsob rozmrazeni. Pii rych-
lém rozmrazeni byla ve vzorcich zjité€na statisticky
priukazné (kromé pudy Luka-NPK) niz§i NEA neZ v pii-
déch uloZenych 11 tydnu pfi 4 + 2 °C. U ptd ze stano-
vi§té Ivanovice byl pokles NEA velmi vyrazny. Naproti
tomu pii pomalém rozmrazovani bylo u vSech pad po-
zorovano zvySeni NEA, které u pud ze stanovi$té Lu-
kavec bylo statisticky pritkazné.

Vysledky méfeni mikrobidlni biomasy, bazélni res-
pirace, glukézou indukované respirace a aktivity nitrifi-
ka¢nich enzym v Cerstvé odebranych piidach a v ptidach
skladovanych rozdilnym zptisobem a riizné dlouhou do-
bu ukézaly, Ze b&hem skladovani muze dojit k zasadni-
mu ovlivnéni mikrobidlnich charakteristik. Mira ovliv-
néni se da jen t€zko odhadnout, nebot zkoumané pudy
reagovaly nékdy velmi odli$né. Piesto vysledky ukazu-
ji, Ze po odbéru dochézi v pidnich vzorcich k ur¢itému
rozkolisani kontrolnich a regulaénich faktort, které se
projevuje poklesem nebo nériistem biomasy mikroorga-
nismu, posuny ve skladbé mikrobialniho spolecenstva
(bakterie versus mikromycety, Elhottova et al., 1998)
a zménami mikrobidlnich aktivit. Po urcité dobé
uskladnéni, kterd muZe trvat nékolik tydni aZz mésici,
se pravdépodobné podminky v uloZené pude ustali. Zi-
stdva nezodpovézena otdzka, zda je vhodngjsi vyckat
tohoto ustaleni, nebo zda je vhodnéjsi pidni vzorky
zpracovat brzy po odbéru, tj. velmi pravdépodobné
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v obdobi rozkolisani. Metodiky ISO i OECD nedopo-
ru¢uji skladovéni pid déle jak tii mésice (Stenberg et
al., 1998) a za vhodnou teplotu povaZuji 4 *+ 2 °C. Ni-
kde vSak neni zminka o minimalni dobé skladovani
v pfipadé, Ze pudni vzorky neni mozné zpracovat ihned
po odbéru. Zvlast problematické se ukazuje zmrazovani
pudnich vzorka, byt je nékterymi autory doporucovino
(Stenberg et al., 1998), misto uloZeni pri teplotich ko-
lem 0 °C. Podle naSich zkuSenosti je v tomto piipadé
kriticky zptisob rozmrazoviéni, zejména teplota a doba
plsobeni vysSi teploty. Je-li doba rozmrazovani pfilis
kratka, nemusi zfejmé dojit k obnoveni biologické ak-
tivity v pudé; pii del§i dobé rozmrazovani naopak dojde
snadno ke stimulaci rozvoje mikroorganismi. V obou
pripadech se stanovena aktivita vzdaluje od aktivity
v pidé v dobé odbéru vzorki.
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RECENZE

CIZI EXPANZIVNI PLEVELE CESKE REPUBLIKY

A SLOVENSKE REPUBLIKY
V. Jehlik (ed.)

Praha, Academia. 1998. 506 s.

Pod vedenim editora RNDr. Vladimira Jehlika, CSc.,
vypracoval autorsky kolektiv: RNDr. Slavomil Hejny,
DrSc., RNDr. Zden&k Kropa¢, CSc., RNDr. Marie
Lhotskda, CSc., Ing. Karel Kopecky, DrSc., RNDr. Bo-
humil Slavik, CSc. a RNDr. Zdenka Svobodova, CSc.,
dokonalou studii, kterou jako pfehlednou pfirucku vy-
soké kvality vydalo nakladatelstvi Academia Praha za
finan&ni podpory Fondu AV CR pro vydavani védecké
literatury. Toto kompendium lze doporucit predevsim
zédjemcum o plevelné rostliny, nebot zahrnuje vSechny
dosud poznané cizi tzv. expanzivni plevele, rostouci na
izemi nejen CR, ale v sou¢asné dob& i SR.

V tvodni kapitole jsou definovény cizi expanzivni ple-
vele jako rostliny ciziho pivodu opakované k nim zavlé-
kané. Vyznacuji se schopnosti samoreprodukce se znac-
nou adaptabilitou a projevuji se osidlovanim novych
synantropnich ekotypu, pficemZ mohou pfi proniknuti na
obdéldvané pudy v budoucnosti sniZovat jejich trodnost.

Obecné ¢ast popisuje metody, objekty a zdkladni pied-
méty karpologického, floristického i ekologického vy-
zkumu. V téchto kapitoldch je pojednédno o Sifeni téch-
to rostlin a jejich postupu véetné primarnich ohnisek
vyskytu nové zavle€enych taxonl. V obecné &ésti jsou
rovnéZ popsény cizi expanzivni plevele z pohledu aler-
gickych onemocnéni. Tuto partii uzavira kapitola, kterd

420

je vénovéna karanténnim opatfenim na uzemi CR a SR
a je doplnéna piehledem o vyvoji rostlinolékai'ské péce.

Ve specialni ¢asti autofi dokonalou formou zpraco-
vali celkem &tyficet druhii plevell s ohledem na ptivod-
ni rozsifeni i druhotny vyskyt, a to v CR i SR, jakoZ
i podrobny piehled lokalit s instruktivni mapkou vy-
skytu vétSiny cizich expanzivnich plevelt. Kazda kapi-
tola pfinasi ekologickou charakteristiku popisovaného
taxonu, dile prognézu $ifeni a zplisoby omezovani, opo-
menuto neni ani hledisko hospodaiského vyznamu.

Seznam literatury, ktera je vybérem prioritnich praci,
podédva podrobny prehled citovanych prament k jednotli-
vym adventivnim druhim. Kniha je doplnéna velmi
zdafilou obrazovou dokumentaci, fadou map a &ernobi-
lych fotografii. Obsahuje téZ &eské, anglické, némecké
a ruské resumé.

Odborné vefejnosti, pracovnikim zemédélského vy-
zkumu, pedagogiim a studentim piirodovédeckych, bio-
logickych a agronomickych fakult, ale i v¥em zdjem-
cim o synantropni botaniku a agrobotaniku pfipravil
autorsky kolektiv vyznamné Cesko-slovenské dilo, které
jako zédkladni kompendium v oboru ochrany zemédél-
skych rostlin vi¢i nové se §ificim cizim plevelim lze
pro svou uZite¢nost i dokonalé grafické zpracovéni do-
porucit jak profesionalim, tak amatéram.

Doc. Ing. Karel Dolej¥, CSe.
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VLIV STUPNOVANYCH DAVEK NIKLU A ARZENU
NA RUST REDKVICKY A PUDNI MIKROFLORU

THE EFFECT OF INCREASING RATES OF NICKEL AND ARSENIC
ON THE GROWTH OF RADISH AND SOIL MICROFLORA

T. Simon

Research Institute of Crop Production, Praha-Ruzyné, Czech Republic

ABSTRACT: In 1997 the pot experiment with step contamination by Ni (as nickel chloride) and As (as sodium arsenite) was
organized. Two soils were used (heavy soil: clay-loam from Ruzyné, light soil: sandy-loam from Lukavec) and four levels of
contamination were selected, based on the natural abundance of the elements in the soil used: no addition (0), addition to the
limit (L) allowed by Czech standards, twice (2L), five (5L) and ten (10L) times the limit for Ni and As, respectively. During
1997 and 1998 radish was intensively planted. In the experiment the influence of elevated levels of described heavy metals
on the plants growth was evaluated. Simultaneously, the effect of both toxic elements on occurrence and activity of soil
microorganisms was determined. Total concentration and mobile fractions of Ni and As in soils were measured. Soil samples
were microbiologically analyzed (using the plate dilution technique) and total bacteria, spore-forming bacteria, micromycetes,
oligotrophs and Azotobacter were counted. Besides of that, biochemical analyses were performed (test of potential ammoni-
fication TPAM and nitrification TPNIT, potential respiration RESP NG, dehydrogenase activity) and microbial biomass was
determined. Additionally, so called pad technique (using sterile cloth to transfer the parent microbial colonies from non-con-
taminated agar to agar contained increased levels of heavy metals) for searching of sensitive and resistant microorganisms in
soil samples was realized. Test of colony growth on Thornton agar (everyday counting of colonies appeared in ten days period)
in order to determine fast and slow growers in soil samples was the last method used. In 1997 and 1998 addition of Ni to the
both soils negatively influenced radish growth and in the case of the highest contaminated treatment the total inhibition of
plant germination was recorded (Fig. 1a). Lower reduction of plant growth especially in light more acidic soil from Lukavec
was recorded when As contamination was used (Fig. 1b). Plant tolerance to Ni and As cohered with the content of mobile
fractions of both elements (Tab. III). Extractability of As fractions (using CaCl,) was considerably lower than Ni in the light
soil (Tab. II), and the toxicity of As during the time strongly decreased. High values of mobile fractions of Ni in the highest
contamination proved a higher accessibility for plants. Concentration of Ni and As in plants was 17 to 160 times higher in
highly contaminated treatments comparing to zero variants (Fig. 2). In tubers twice more pollutants were accumulated than in
leaves. An addition of Ni in the highest amounts caused significant drop down of total number of bacteria and number of
sensitive Azotobacter. Simultaneously, due to high contamination (especially Ni) numbers of micromycetes increased (Tab. IV).
These data document changes that took place in soil environment. Addition of As had no adverse effect. Using all biochemical
tests the negative effect of contamination by Ni was recorded, when 2L was exceeded (Tab. V). The same was true for microbial
biomass. In Fig. 3 percentages of colonies that are able to grow on increased levels of Ni and As in agar are shown,
Microorganisms from treatments 0, L and 2L (both metals) were more sensitive to increased levels of elements than micro-
organism from SL and 10L, which testify to induced resistance of microorganisms in highly contaminated treatments. After
evaluation of colony growth speed of microorganisms on agar it was found that in soil samples with increased contamination
of Ni and As number of fast-growers dropped down and slow-growers increased (Tab. VI). Results from this experiment, which
will continue, show in the meantime that in soils after two years presence of high concentration of described heavy metals prevailed
slow growing microorganisms with decreased diversity, that have higher resistance to metals and decreased biochemical activities.

Keywords: heavy metals; radish; soil microorganisms; diversity; activity

ABSTRAKT: V roce 1997 byl zaloZen nadobovy vegetadni pokus (t€7kd a lehka piida) se zvy3ujicimi se ddvkami Ni a As.
Na zakladé maximalné pfipustnych hodnot obsahu rizikovych prvkii v pidach byly vybriny &tyfi hladiny kontaminace a ne-
kontaminovana kontrola. V nddobéch byla b&hem let 1997 a 1998 péstovéna fedkvicka (duben aZ zafi). Cilem pokusu bylo
sledovani vlivu zvy3ujici se zaté%e Ni a As na rust fedkviZky a na biologické vlastnosti a aktivitu mikroorganismii v ptidéch.
V obou letech byla po kontaminaci Ni zaznamenana deprese ristu rostlin u piidy z Ruzyn& od hladiny 5L, u pidy z Lukavce
od hladiny L a po kontaminaci As u obou pud od hladiny 5L (u pudy z Lukavce viak vyrazn& niZ§i). U nejvice kontamino-
vanych variant byla zji§téna mnohonasobné& (17 aZ 160krat v pfipadé lehké pudy) vy3§i koncentrace Ni, resp. As v orgdnech
rostlin neZ u kontrolnich variant. Tolerance rostlin k Ni a As pfimo souvisela s obsahem mobilnich frakci obou prvki v padé.
Byly nalezeny silné negativni korelace mezi vynosem bulev a obsahem mobilnich frakci kovi v paddch. Mikrobiologické
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rozbory vzorku pud prokazaly patrny pokles celkového poctu bakterii u nejvice zatizenych variant Ni a ndrist po¢ti mikro-
mycet. Biochemické testy vybranych aktivit (potencidlni amonifikace, nitrifikace, respirace, aktivita dehydrogendz) a méfeni
mikrobialni biomasy sv&d¢i o negativnim vlivu kontaminace Ni pfi pfekro&eni hladiny 2L. Vliv As na uvedené charakteristiky
byl nizky. Navazujicimi laboratornimi metodami (razitkovd metoda pienosu rodi¢ovskych mikrobidlnich kolonii na agar se
zvy3ujicimi se hladinami Ni, resp. As, sledovéni rychlosti ristu kolonii na agaru) bylo zji$téno, Ze v pidach po dvouleté
pritomnosti vysokych koncentraci Ni a As postupné prevladaji pomaleji rostouci skupiny mikroorganismi s nizsi diverzitou,
které maji vy$Si rezistenci k pouZitym koviim a sniZenou biochemickou aktivitu.

Kli¢ova slova: t&zké kovy; fedkvitka; pudni mikroorganismy; diverzita; aktivita

UvoD

V oblasti vyzkumu zatiZeni zemédélskych puid rizi-
kovymi prvky existuje fada pfistupti, jak toto zatiZeni
hodnotit a jakd pouZit konkrétni kritéria. Nejastéji je
z4t€Z pud hodnocena z hlediska fytotoxicity, zootoxici-
ty a z hlediska toxicity pro €lovéka. Vliv rizikovych
prvki na rostliny se béZné hodnoti pozorovanim kliceni
testalnich rostlin, hodnocenim rychlosti ristu, produkce
biomasy a porovnavanim obsahii kontaminantl v jed-
notlivych orgéanech rostlin péstovanych na nezatiZenych
pudéach s obsahy v rostlindch péstovanych na ptidach
zatiZzenych (Bene§, 1994). Jako méfitko ovlivnéni plo-
din rizikovymi prvky z pudy se uvadi napf. index tole-
rance, koeficient pfenosu nebo koncentraéni faktor (Bo-
ruvka, 1997 a dalsi). Pro hodnoceni vlivu rizikovych
prvki na rostliny je nutné znit koncentrace téchto prvki
v plidach. Za timto u¢elem v CR od roku 1993 probihd
celostatni monitoring vyskytu rizikovych prvkia v pu-
déch, jehoZ experimentélni zdkladna je zaloZena na che-
mickych analytickych postupech. Ziskané vysledky téchto
analyz v8ak mohou jenom omezené slouZit k posouzeni
rizikovosti zatiZeni pud $kodlivymi latkami z hlediska
jejich mobility, vstupu do potravnich fetézci a zejména
vlivu na kli¢ové procesy pudniho metabolismu a zacho-
vani ekologickych funkci pudy. Je proto potiebné volit
i dalsi pristupy, které dopliuji zavedené postupy hod-
noceni zatéZe pud. Mezi tyto pfistupy patii v posledni
dobé vyuZziti mikrobiologickych a biochemickych me-
tod (Kubét et al., 1996; Némecek et al., 1998).

Biochemické vlastnosti piid a mikrobnich spolecen-
stev v nich obsaZenych jsou citlivéjsi a rychleji reaguji
na zatiZeni pud neZ chemické a fyzikalni vlastnosti (Nan-
nipieri et al., 1997) a pravé bioindikace, kterd se ve
svété i u nds zaina prosazovat, opirajici se o fadu mikro-
biologickych a biochemickych metod, miiZe postihnout
zmény ve vyskytu, sloZeni a funkci pidniho edafonu
(Domsch, 1991; Doelman et al., 1994; Filip, 1995 a dalsi).
Mikroorganismy jsou zvlasté vhodné k tomu, aby slouZily
jako prvni indikator zneci§téni prostiedi a pasobily jako
varovny systém. Jejich riznorodost, adaptabilita, kratka
generaéni doba a variabilita metabolickych drah vsak ne-
umoziuji najit a pouZit jednoduchou a opakovatelnou
univerzalni metodu k hodnoceni napf. vlivu tézkych kovii
na pudni mikrofléru jako celku. Je nutné proto pouZivat
fadu metod a tyto metody dale modifikovat.

Pro hodnoceni vlivu téZkych kovii na pidni mikro-
fléru lze v zasad€ vyuZivat pidy vystavené vice ¢i mé-
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né dlouhodobému vlivu emisi tézkych kovi nebo jinym
zdrojim znecisté€ni (napf. aplikaci primyslovych a ko-
mundlnich odpadi), nebo pouZit umélou kontaminaci
solemi tézkych kovli. Obé moZnosti maji sva uskali.
V prvnim piipadé€ jde sice o redlné zatéZe v terénu, ale
z hlediska exaktnosti je obtizné nachazet srovnavaci
nezatizené kontrolni pudy s jinak stejnymi parametry
jako pudy zatiZené. Navic jsou takovéto pudy vétSinou
zatizeny fadou kontaminanti dohromady, a neni tedy
mozné hodnotit vliv jednotlivych kontaminanti oddéle-
né€. Druhou moZnosti je pouZiti pfesné stupfiované zvy-
Sujici se zatéZe pud téZkymi kovy z rozpustnych soli.
Tento zplisob zaruduje srovnatelnost s nekontaminova-
nou kontrolou a moZnost pouZit nejprve jednoprvkové
zatiZeni pld a na zékladé ziskanych vysledki pfistoupit
k rznym kombinacim viceprvkového zatiZeni, bliZici-
ho se redlnym zatéZim v terénu. Pfi tomto zpasobu ne-
odpovida mobilita vnesenych prvki redlnym situacim
v piudé (Némecek et al., 1998), a je proto nutné dlou-
hodobé oba zpisoby kombinovat, a vyuzit tak pozitivni
moznosti, které poskytuji.

Pfi planovani laboratornich a polnich pokusti za ice-
lem hodnoceni vlivu té€Zkych kovi na mikrobiologické
a biochemické vlastnosti pud, které jsou zaloZeny na
druhém popsaném zpuisobu, je nutné brat v ivahu urcité
aspekty a problémy. Nannipieri et al. (1997) mezi né
fadi znalost fyzikalné-chemickych vlastnosti kovu, je-
jich metabolismu a toxickych vlivi na organismy. Jako
dilezité dale uvadéji davkovani kovi (v rozsahu 0 aZ
10nédsobku pozadovych koncentraci v ptidach) a vhodnou
kontrolni variantu. Pfi pouZiti soli kovii je nutné téZ brat
v tivahu vedlejsi efekt ostatnich iontd vybranych soli. Vy-
znamnou roli hraji i vlhkostni a teplotni parametry zakla-
danych pokusi. Je rovnéZ nutné pamatovat na to, Ze kovy
jsou aplikovéany do dynamického systému, ve kterém jsou
jednotlivé procesy zavislé na Case.

Cilem naseho dlouhodobého pokusu je sledovani vli-
vu zvySujici se zatéZe solemi Ni a As na rast fedkvicky
a na biologické vlastnosti a aktivitu mikroorganismi ve
dvou ptdach pomoci tradi¢nich i novéjsich mikrobiolo-
gickych metod. Predstavujeme tak tvodni ¢ast dlouho-
dobého vyzkumu v této oblasti.

MATERIAL A METODA

Na jafe roku 1997 byl zaloZen nadobovy vegetaéni
pokus se zvySujicimi se davkami Ni a As, ve kterém
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byly pouZity dvé pidy: t€Zka plida ze stanovisté Praha-
-Ruzyné [Ru] [Cernozem luvick4, jilovitohlinita: C, 1,382,
N; 0,116 (%), Cpike 0,134 (mg cgh, N- -NO; 8,21,
N-NH,4 0,07 (ug.g™") pHkcy 6,8] a lehkd pida ze stano-
vi$té€ Lukavec u Pacova [Lu] [kambizem, plscxtohlmlla
C, 1,811, N, 0,166 (%), Cm,kr0258 (mg C.g~ 1, N- -NO;
8,39, N-NH,4 0,27 (ug.g~ h pHy 5,8]. Zemina byla pro-
sata, dohnojena NPK a po jednotlivych variantich do
ni byly vmichany roztoky soli Ni a As (Ni ve formé
NiCl,.6 H,O, As ve formé NaAsO,). Byly vybrany Ctyfi
hladiny kontaminace a nekontaminovana kontrola. Hla-
diny byly zvoleny tak, aby byly dosaZeny koncentrace
odpovidajici nasobkiim maximalné& pfipustnych hodnot
obsahu rizikovych prvki v pidach podle vyhlasky
MZP CR 13/1994 Sb. §2, zde oznaovanych jako limit
(Ni: 80 mg.kg™" — t&zké pudy, 60 mg.kg™! — lehké pudy,
As: 30 mg.kg'l — viechny pidy). Slo o tyto varianty:
1) bez kontaminace, 2) doplnéni do povoleného limitu
(L), 3) 2xL, 4) 5xL, 5) 10xL. Puda byla dostate¢né
promichana a po 5 kg plnéna do nadob. KaZda varianta
pokusu méla 3est opakovéni. V nddobach byla b&hem
let 1997 a 1998 péstovana fedkvicka (odrida Ram-
pouch) vZdy ve tfech etapich péstovani (duben aZ zafi).
Pred vegetani sezonou v roce 1998 byly podle aktual-
niho stavu dodény Ziviny a zemina byla promichéna.
V priibéhu obou let probéhla sklizeii rostlin a byla sle-
dovana produkce bulev a nadzemni &asti (uvedeny jsou
vysledky vynost bulev) a obsahy Ni, resp. As ve vege-
tacnich orgénech (mineralizace 60% HNOj3, ICP spek-
trometr). Byly odebirdny vzorky ptdy pro stanoveni
celkové koncentrace Ni a As (mineralizace v lucavce
krélovské, ICP spektrometr) a ureni mnoZstvi mobil-
nich frakci (extrakce 0,01M CaCl,, ICP spektrometr).
Stejné vzorky pud byly pouZity pro mikrobiologické
rozbory [zfedovaci metoda, poéitini CFU (jednotek
tvoricich kolonie) — celkové poCty bakterii: Thornton
agar, sporotvorné bakterie: MP agar, mikromycety:
Martin agar, oligotrofni bakterie: 100x fedény MP agar,
Azotobacter: Ashby agar]. Ve vzorcich pud byla pravi-
delné stanovovana mikrobialni biomasa [fumigagné-ex-
trakéni metoda (Vance et al., 1987)]. Byly provadény
testy potencialni amonifikace TPAM (prfidavek peptonu
pred inkubaci) a potencidlni nitrifikace TPNIT (pfida-
vek siranu amonného pifed inkubaci) [modifikovana

metoda (Lobl, Novak, 1964)]. Byla sledovéna poten-
cidlni respirace RESP NG (produkce CO, b&hem 20 h
pfi inkubaci s pfidavkem gluk6zy a siranu amonného)
(Filip, 1994). Dehydrogenazova aktivita byla méfena
jako koncentrace trifenylformazanu po inkubaci s TTC
(Dick et al., 1996).

Vedle téchto standardnich testi byla pouZita tzv. ra-
zitkova metoda — metoda pienosu rodi¢ovskych mikro-
bidlnich kolonii (ziskanych mikrobiologickym rozbo-
rem vzorkii pid — Thornton agar, fedéni 107%) pomoci
sterilniho latkového razitka z Cistého Zivného média na
média doplnéna zvySujicimi se obsahy Ni (20, 30, 50,
75, 100 mg.I™!) a As (60, 100, 130, 160, 200 mg.I™")
v médiu a sledovani narastu vniklych kolonii za déelem
stanoveni citlivosti &i rezistence mikroorganismi ve
vzorcich pid k uvedenym kovim. Dal$i metodou bylo
10denni hodnoceni rychlosti ristu kolonn mikroorga-
nismd na Thornton agaru (fedéni 107 ) a sledovéni ku-
mulativnich poétl pro stanoveni, jaké skupiny mikroor-
ganismu prevladaji ve vzorcich pid z hlediska rychlosti
rastu.

VYSLEDKY A DISKUSE

Pred setim prvni etapy pokusu v roce 1998 byly
vzorky pud analyzovéany na obsah dodanych kovu. Cel-
kové naméfené koncentrace Ni a As po jednoleté pfi-
tomnosti v pidach jsou uvedeny v tab. I. Hodnoty kon-
centraci t&chto prvkd pfibliZzné odpovidaji zvolenym
nasobkim limitnich hladin tak, jak byly pidy t€mito
kovy doplnény.

Na obr. 1 jsou uvedeny celkové vynosy susiny bulev
fedkvi¢ek. V obou sledovanych letech je patrny po-
dobny priubéh: ve viech tiech etapich péstovéni se pro-
jevil negativni vliv stoupajicich koncentraci Ni v pudé
na rust rostlin a produkci biomasy. JiZ od koncentrace
piesahujici hladinu 2L se sniZovala produkce biomasy
rostlin, koncentrace 5L redukovala rist bulev (v pfipadé
lehké pudy signifikantng) i nadzemni hmoty (prubéh je
podobny jako u bulev) a koncentrace 10L tplné inhibo-
vala kliceni rostlin fedkvi¢ky u obou pud. Rostliny bez
nésledku tolerovaly hladlny Ni v tézké pudé z Ruzyné
do pfiblizné 170 mg. kg a v lehké pudé z Lukavce do

I. Koncentrace t&zkych kovi v jednotlivych variantich pokusu po jednom roce od dodéni (bfezen, 1998) — Concentration of heavy metals in

treatments one year after addition (March, 1998)

Koncentrace® (mg.kg™")
Varianta! Oznaceni* Ruzyné Lukavec
Ni As Ni As

Bez pridavku? 0 26,60 16,53 26,76 14,14
Pridavek na limit? L 85,40 34,38 64,62 38,31

2x limit 2L 174,06 70,30 123,50 67,72

5x limit 5L 393,15 194,34 358,53 202,90
10x limit 10L 853,57 301,15 647,21 373,42

treatment, “without addition, >addition to limit, 4mdlcauon. Sconcentration
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Ni

1. Vynosy bulev fedkvicek ve
sledovanych letech (celkové

hodnoty tfi etap péstovini) -
Yield of radish tubers in inves-
tigated years (total values of
three stage planting)

o1997 osa X: varianta — x axis: treat-

1998 ment
osa y: g/nddoba - y axis: g/pot

As

Ru0 RuL Ru2L RuSL RuiOL Lu0  LuL Lu2L LuSL LuiOL

01997
@ 1998

Ru0 RuL Ru2L Ru5L Ru10L

120 mg.kg". V pfipadé As byla hranice tolerance
v t&Zké pudé posunuta ke koncentraci odpovidajici 5L
(priblizné 200 mg.kg_l pudy), kterd redukovala produk-
ci bulev i nadzemni hmoty. Koncentrace odpovidajici
10L v obou letech siln& (signifikantn&) redukovala rist
la zjiSt€na v lehké kyselejsi pidé z Lukavce, kdy ani
nejvy33i hladina kontaminace nezpusobila signifikantni
redukei rastu rostlin (Simon et al., 1998). Pfi porovna-
vani pramérnych koncentraci Ni, resp. As v bulvach
fedkvicek (obr. 2) jsou v obou letech patrné logicky se
zvy8ujici hodnoty, odpovidajici stoupajici kontaminaci
pud. U nejvice kontaminovanych variant byla zjiSténa
mnohonasobné (17 az 160krat v pripadé lehké pudy)

vy38i koncentrace Ni, resp. As v organech rostlin nez
u kontrolnich variant. Zajimava je téZ distribuce téchto
prvkl v rostlinach. Ve vétSiné pfipadi byla zjisténa,
zv1asté€ u nejvyssich hladin kontaminace, vyssi koncen-
trace Ni a As v bulvach neZ nadzemni ¢asti, i kdyZ toto
zvySeni bylo maximélné dvojndsobné. Koncentracim
kovii odpovidala i kapacita akumulace rostlinami, kterd
byla nejvyssi u variant 2L a SL u Ni a 5L a 10L u As.

Tolerance rostlin k Ni a As pfimo souvisela s obsa-
hem mobilnich frakci obou prvki v pudé. Hodnoty
téchto obsahi pfi pouZiti 0,01M CaCl, jako slabého
extrakéniho ¢inidla (Tlusto$ et al., 1994) jsou uvedeny
v tab. I, z niZ jsou patrna velmi podobné se zvySujici
mnozstvi extrahovatelnych frakci v obou letech u obou

II. Prumérné obsahy mobilnich frakci Ni a As (mg.kg'l suché pudy) (extrakce 0,01M CaCl,) ve vzorcich pud stupfiovité kontaminovanych
Ni a As na konci vegetace — Average contents of mobile fractions Ni and As (mg.kg'I dry soil) (extraction by 0.01M CaCl,) in soil samples

step contaminated by Ni and As at the end of vegetation period

Varianta' Rok? Varianta Rok

(ptidavek® Ni) 1997 1998 (ptidavek As) 1997 1998
Ru0 0,03 0,08 Ru0 0,09 0,07
RuL 0,14 0,14 RuL 0,09 0,13
Ru2L 0,35 0,45 Ru2L 0,42 0,31
RuSL 1,42 2,61 RuSL 3,61 2,46
RulOL 14,43 13,38 RulOL 10,19 11,54
Lu0 0,09 0,10 Lu0 0,08 0,05
LuL 0,46 0,65 LuL 0,18 0,28
Lu2L 4,87 6,38 Lu2L 0,57 0,68
Lu5SL 28,02 39,72 Lu5L 2,34 2,55
LulOL 138,70 134,66 LulOL 574 8,31

!treatment, “addition, 3year
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Ni |217_64I 2. Primé&rné obsahy Ni a As
v bulvach fedkvicek — Aver-
90+ age contents of Ni and As in
80 radish tubers
70 osa x: varianta - x axis:
60- treatment
01997 osa y: obsah Ni, As (ug.g™
50 1998 sudiny) - r axis: content Ni,
404 As (ug.g~ dry weight)
30
20
10
Ru0 RuL Ru2L Ru5L Ru10L Lu0  LuL Lu2L LuSL LuiOL
As
30
254
20 01997
15¢ W 1998
10
5}
e, L B

Ru0 RuL Ru2L Ru5L Ru1OL Lu0  LuL

prvka soucasné se zvySujici se kontaminaci pad. Cel-
kové byly zji¥tény podstatn& vy3§i extrahovatelné podi-
ly Ni u vzorkd piad z Lukavce nez z Ruzyné, coZ do
znaéné miry souvisi s niz§im pH lehké pudy, které ma
rozhodujici vliv na chovani tohoto prvku v pidé a na
jeho rozpustnost (Tyler, McBridge, 1982). Vysoké hod-
noty mobilnich frakci Ni u silné kontaminovanych va-
riant béhem celého pokusu svédCily o jeho vyssi pfi-
stupnosti pro rostliny a méné pevnych vazbach v pudé.
Byly nalezeny silné negativni korelace mezi vynosem
bulev a obsahem mobilnich frakci v pfipadé kontami-
nace Ni v obou letech pokusu (tab. III). V piipadé As
je zfejmé, Ze As byl méné extrahovatelny neZ Ni, jeho
koncentrace v pidnim roztoku byla niZ§i a niZsi byla
i jeho toxicita pro rostliny zvlasté v kyselej3i pudg, kde
ani nizsi pH (5,8) nezvysilo miru jeho extrahovatelnos-
ti. V roce 1998 byla zaznamenéna niZ8i zavislost vyno-

Lu2L LuSL LutOL

su bulev na obsahu mobilnich frakci As v pudé
(tab. III). Bene$ (1994) uvadi, Ze As ve formé arzenita-
ni a arzeni¢nant Zeleza a hliniku je zvlast€ v kyselej-
§ich pidach mélo rozpustny. Uvedené vysledky je nut-
né chépat jako ilustrativni, protoZe mobilita kovi pfi
dlouhodobé zatéZi v piirozené rostlé piidé muZe byt od-
li¥n4, tedy spiSe niz8i vzhledem k dlouhodobé tvorbé
pevnych vazeb v piidé. AvSak pro posouzeni vlivu kovil
na cely systém puda — rostlina v tomto pokusu jsou
uvedené vysledky podstatné.

Tab. IV uvadi souhrnné vysledky mikrobiologickych
rozborti vzorki piid na konci vegetace fedkvicek (zéff)
v obou letech. Na zakladé ziskanych dat je moZné po-
zorovat urCité trendy v zastoupeni mikroorganismi pfi
prodluZujici se pfitomnosti zvy3ujicich se hladin konta-
minanti v pudach. Stejné jako v roce 1997 je zvlasté
u Ni i vroce 1998 patrny pokracujici vyraznéjsi pokles

IIL. Zavislost vynosii bulev fedkviéek na obsahu mobilnich frakci v piidé — Dependence of yield of radish tubers on mobile fractions in the soil

Mobilni frakee? Ni Mobilni frakce As
Kont e! Ni Kontaminace As
 §
1997 1998 1997 1998
Ruzyng -0,9818 -0,9981 Ruzyné -0,9916 -0,9831
Lukavec -0,8109 -0,8320 Lukavec -0,9665 -0,5985

r = korelagni koeficient® (p = 0,05)

3

1 s . ; i <
contamination, “mobile fractions, correlation coefficient
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IV. Mikrobiologicky rozbor vzorki pid stupiiovité kontaminovanych Ni a As na konci vegetace 1997, 1998 [pramérné hodnoty CFU (jednotek
tvoficich kolonie)Ag'l] — Microbiological analysis of soil samples step contaminated by Ni and As at the end of vegetation period 1997, 1998

[average values of CFU (colony forming units).g"]

Pridavek! | Varianta? bC:l?x(:rny‘ golég; bflﬁ::éxinﬁlf‘ Mikromycety® x 10* ba(lztlelséioc:gzmlio(’ Azotobacter x 10'
1997 1998 1997 1998 1997 1998 1997 1998 1997 1988
Ru0 137 | 141 23 7.1 am 35 403 | 116 166 8.2
RuL 1148 | 185 1.5 8.1 35 1.2 506 | 130 6.5 23
Ru2L 1692 | 239 13 159 16,4 34 617 | 149 17,0 22
RuSL 1480 | 168 22 7.8 88 22 258 8.6 70 | <10
Ni RulOL 353 7.1 05 83 10,6 17.8 158 | 10,1 06 | <10
Lu0 535 | 170 2.8 8.5 6.1 8.5 718 | 179 | <10 | <10
LuL 975 | 246 44 74 7.1 234 339 | 179 [ <10 | <10
Lu2L 1012 | 129 5.0 9.4 9.8 L sel | 156 | <10 | <10
LuSL 85.4 1.4 7.6 2,5 18.9 - 114,7 13,8 < 10 < 10
LulOL 73 8.4 5.1 48 11,0 - 1159 52 | <10 | <10
Ru0 137 | 1441 23 7.1 757 3.5 403 | 116 16,6 8.2
RuL 1254 | 253 2,5 s | 330 35 542 | 115 10,6 16,1
Ru2L 1472 | 114 23 148 | 214 L1 623 | 114 18,4 13.7
RuSL 107.8 | 159 3.1 45 | 350 34 53,1 157 454 159
As RulOL 939 | 144 22 72 8.9 6.0 618 | 126 17.8 48
Lu0 535 | 170 2.8 8.5 6.1 8.5 718 | 179 | <10 | <10
LuL 728 | 247 32 10,6 42 14,1 67 | 189 | <10 | <10
Lu2L 835 | 237 6.2 59 74 7.1 612 | 174 | <10 | <10
LuSL 1027 | 403 49 9.8 19.4 8.6 723 | 2248 | <10 37
LulOL 99,1 | 230 40 73 | 317 6.1 739 | 167 | <10 12

* misky prerostlé rodem Rhisopus — dishes overgrown by Rhisopus

Yaddition, 2treatment, “total number of bacteria, “spore-forming bacteria, smicromycc!cs. “oligolrophs

celkového poctu bakterii u nejvice zatiZenych variant
u obou sledovanych pud. Podobny pokles je po silnéjsi
kontaminaci Ni zaznamenén téZ u citlivych mikroorga-
nismu, jakymi jsou volné€ Zijici diazotrof Azotobacter
v téZzké pudé. Naopak u vysSich hladin Ni v pudé byl
pozorovan nartst po¢td mikromycet, které jsou k téz-
kym koviim méné citlivé, pfi souCasném sniZovani je-
jich druhové riaznorodosti. Mikromycety ve vice konta-
minovanych variantach postupné prevladaly nad jinymi
skupinami mikroorganismti. U kontaminace As byly
poklesy celkovych poéti mikroorganismt u obou pud
men$i a na konci vegetace v roce 1998 nebyly patrné.
TéZ vliv této kontaminace na jednotlivé druhy mikroor-
ganismi byl nizky. Udaje z mikrobiologickych rozbo-
ri, zvlasté u pid kontaminovanych Ni, doklddaji zmé-
ny, ke kterym postupné s pfibyvajicim ¢asem dochazi,
tedy zménu skladby mikroorganismti smérem k chudsi
biocendze. Atlas (1984) uvadi, Ze v kontaminovanych
pudach dochazi ke snizovéni diverzity vlivem odumira-
ni druht, které postradaji dostate¢nou odolnost ke stre-
stim, a naopak k posileni ur€itych druhu, které i pfi za-
téZi prezivaji.

Uvedené zmény dokumentuje tab. V, zahrnujici vy-
sledky nékterych biochemickych testii a hodnoty mik-
robialni biomasy vzorkt pad. Z tab. V je patrny v obou
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letech ibytek mikrobidlni biomasy u variant silnéji kon-
taminovanych Ni. Stanoveni C mikrobidlni biomasy
predstavuje prvni dobry indikétor vlivu zasaha do pady
na jeji biologické a biochemické vlastnosti, zmény
v mikrobidlni biomase jsou patrné diive, nez je mozné
detekovat jakékoliv zmény celkového uhliku v ptdach
(Nannipieri, 1984; Carter, 1986). Frostegdrd et al.
(1996) ve svych laboratornich studiich potvrzuji, Ze
zmény ve struktufe mikrobidlni komunity vlivem kon-
taminace t€zkymi kovy souviseji se sniZujici se mikro-
bidlni biomasou. Podobné vysledky byly ziskédny
i v tomto naSem experimentu. Pfi pouZiti testi poten-
cialni amonifikace, nitrifikace a dale méfeni potencialni
respirace a aktivity dehydrogendz byl zaznamenén po-
dobny pokles hodnot v obou letech jako u mikrobidlni
biomasy. U vSech téchto testi v piipadé kontaminace
Ni dochézelo u obou pud jiz po piekroceni hladiny 2L
k poklesu naméfenych hodnot. U kontaminace pid As
je zv14sté na lehké pudé z Lukavce patrné, Ze negativni
vliv As béhem doby zeslabl a piida se zotavila natolik,
Ze parametry jeji biologické aktivity jsou pfiznivé (at
jiz jde o mikrobidlni biomasu, aktivitu dehydrogeniz
nebo respiraci) i v piipadé nejvyssi kontaminace (tab. V).
Vysledky testii do zna¢né miry souviseji se zjisténymi
hodnotami rozpustnych frakci téZkych kovi v padach
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V. Mikrobidlni biomasa (C ) a biochemicka charakteristika vzorka pud stupiiovité kontaminovanych Ni a As na konci vegetace 1997, 1998
(primérné hodnoty) — Microbial biomass (C,;,) and biochemical characteristic of soil samples step contaminated by Ni and As at the end

of vegetation period 1997, 1998 (average values)

Chiike TPAM TPNIT RESP NG Aktivita dehydrogenaz?
Pridavek! | Varianta? (ngg™) (mgN.100g™") | (mgN.100g™") | (mgC.100g™") | (ugTPF.100 ml"!)
1997 1998 1997 1998 1997 1998 1997 1998 1997 1988
Ru0 142,57 | 184,83 | 87,96 86,16 23,41 27,29 | 39,03 39,73 385,7 683,7
RuL 152,95 | 170,61 81,26 86,47 24,35 21,28 42,99 41,45 315,0 672,3
Ru2L 158,17 | 144,12 | 76,91 82,03 25,16 19,74 39,19 36,84 290,3 469,3
RuSL 124,21 181,30 64,64 81,28 15,75 10,07 28,90 29,45 2483 386,3
Ni RulOL 100,52 | 101,26 44,98 70,58 0 0 4,98 15,45 71,2 2457
Lu0 162,53 | 254,64 | 55,30 79,54 15,32 16,09 35,07 44,20 801,7 1239,0
LuL 184,26 | 283,10 91,02 84,55 17,22 16,73 41,01 45,70 832,7 938,0
Lu2L 183,43 | 260,98 49,13 56,26 12,46 11,89 40,28 43,66 658,0 826,3
LuSL 129,49 | 134,52 | 42,72 13,81 3,44 8,13 24,18 16,86 298,0 256,7
LulOL 90,93 118,71 9,12 2,01 0 6,65 10,19 15,28 155,77 233,7
Ru0 142,57 | 184,83 87,96 86,16 23,41 27,29 39,03 39,73 3857 683,7
RuL 117,50 | 163,45 88,63 91,29 17,87 22,00 38,88 38,08 530,3 675,3
Ru2L 127,93 | 153,45 | 79,30 78,02 20,01 22,05 31,80 42,03 854,0 845,0
Ru5L 147,77 163,78 79,33 94,29 14,25 20,60 29,19 37,65 456,0 645,0
As RulOL 148,88 | 152,60 | 72,05 81,42 0 19,68 28,94 33,62 310,7 5373
Lu0 162,53 | 254,64 55,30 79.54 15,32 16,09 35,07 44,20 801,7 1239,0
LuL 192,04 | 279,61 55,15 73,73 15,20 17,27 33,82 43,58 872,3 11443
Lu2L 178,20 | 290,46 48,12 53,66 14,09 13,56 28,09 44,30 896,0 1177,7
LuSL 192,41 | 28522 | 65,05 74,28 16,90 16,09 33,47 48,55 865,0 1210,0
LulOL 209,99 | 267,07 81,71 72,50 25,31 17,46 31,69 46,19 11133 1156,0

'addition, “treatment, ]dchydrogenase activity

(tab. II). Napft. Hattori (1992) uvadi, Ze mnoZstvi roz-
pustnych forem kovi v pid€ hraje duleZit&jsi roli pfi
potlaceni produkce CO, neZ celkova koncentrace kovi
v pudach. PouZité testy vybranych aktivit patii mezi ty,
které jsou oznacovany jako dobry indikator zneéisténi
pud (Doelman, 1986; McGrath et al., 1988; Wilke,
1991). Jiné aktivity (aktivita fosfatdz, mineralizace pfi-
rodniho ptidniho C a N) jsou k pfitomnosti téZkych ko-
v v ptidach méné citlivé (Brookes et al., 1984).
Vedle uvedeného hodnoceni vzorki pud byly pro
dokumentaci zmén v pidach po dodani kontaminant
pouZity laboratorni metody, pomoci kterych muiZe byt
posouzen zvlasté vliv kontaminace na jejich citlivost
k uvedenym kontaminantim a na rychlost ristu uréi-
tych skupin mikroorganismi. Metodou pfenosu rodi-
Covskych mikrobialnich kolonii (ziskanych mikrobiolo-
gickym rozborem vzorkd pud) z &istého média na
média dopInéna zvy3ujicimi se koncentracemi Ni, resp.
As jsme se v roce 1998 pokusili ohodnotit citlivost
mikroorganismi k t&mto prvkim po jejich ro¢ni pfi-
tomnosti v padé. Vysledky testu jsou souhrnné znézor-
nény na obr. 3. Hodnoty celkovych poéti kolonii na-
rostlych na jednotlivych koncentracich Ni, resp. As
v agaru po prenosu z Cisté kontrolni misky byly za dG&e-
lem porovnéni poklesti néristi kolonii pfevedeny na
procenta s tim, Ze nartist na misce bez piidavku kovu
pfedstavuje vZdy 100%. Pfi hodnoceni testu je moZné
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konstatovat, Ze nartsty kolonii ze vzorkl piad (Ruzyné
i Lukavec) kontaminovanych Ni a As v ddvkéch 0, L
a 2L vykazaly silnéjsi pokles, zaroveii se zvySujici se
koncentraci Ni, resp. As v agaru v porovnani s pocty
kolonii ze vzorkd 5L a 10L. Tyto uidaje dokladaji sku-
te¢nost, Ze jiZ roénim pusobenim vysokych hladin Ni
a As v pudé byla vyvolana rezistence mikroorganismu
k témto prvkim a mikroorganismy ze silné kontamino-
vanych variant jsou proto schopny rust ve vét§im poctu
na vysSich koncentracich Ni i As v Zivném médiu. Z4-
roveii z vysledki téchto testl vyplynulo, Ze toxicita Ni
pro mikroorganismy je vysSi neZ toxicita As a mikro-
organismy byly schopné rust na dvakrat vyssi koncen-
traci As v porovnani s Ni. Duxbury, Bicknell (1983)
ukazali, Ze pocty rezistentnich bakterii ve vice kontami-
novanych ptidach Cd, Cu, Ni a Pb byly aZ 15krat vyssi
neZz v méné kontaminovanych pudach. Na zakladé sle-
dovani citlivosti bakteridlni mikrofléry k Zn a Cd vy-
pracovali Doelman et al. (1994) index sensitivity-rezis-
tence, ktery povazuji za dobry biomonitor zatiZeni pud
tézkymi kovy. Z této jejich studie vyplyva, Ze vyvolani
rezistence k t&8Zkym kovim je doprovadzeno sniZenim
schopnosti téchto mikroorganismi degradovat pfiroze-
né aromatické slouceniny.

V dalSim laboratornim testu, ktery byl realizovan
v roce 1998, byla hodnocena rychlost ristu kolonii
mikroorganismi na Thornton agaru s cilem zjistit, jaké
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3. Procentudlni vyjddfeni ristu citlivych a rezistentnich mikroorganismi ve vzorcich piid kontaminovanych Ni a As (razitkovd metoda) —
Percentual statement of the growth of sensitive and resistant microorganisms in soil samples contaminated by Ni and As (pad technique)

osa x: koncentrace Ni, As v agaru — x axis: concentration of Ni, As in agar
osa y: % rustu kolonii — y axis: % of colony growth

VI. Procentudlni porovnani rychle a pomalu rostoucich kolonii mikroorganismi ve vzorcich pud stupfiovité kontaminovanych Ni a As -

Percentual comparison of fast and slow growing colonies of microorgani in soil les step contami 1 by Ni and As
Varianta! o ryr.tllee msmucic“h % porné\lu rostoucich Variaiita %o ryc}llc rostoucich %o pomf\lu rostoucich
kolonii~ (1.-4. den®) kolonii? (5.-10. den) kolonii (1.—4. den) kolonii (5.-10. den)
RuNi0 59,5 40,6 LuNi0 62,6 374
RuNiL 79,2 20.8 LuNiL 75.4 24,6
RuNi2L 68,5 315 LuNi2L 70,5 29,5
RuNiSL 74,4 25,6 LuNi5L 1 35,5 64,5
RuNilOL 22,8 77,2 LuNilOL 46,2 53.8
RuAs0 59,5 40,5 LuAsO 62,6 374
RuAsL 67,8 322 LuAsL 61,9 38,1
RuAs2L 53,5 46,5 LuAs2L 59,2 40,8
RuAsSL 40,1 59,9 LuAsSL 54,4 45,6
RuAs10L 34,1 65,9 LuAs10L 49,1 50,9

!treatment, 2of fast growing colonies, %of slow growing colonies, "day

mikroorganismy prevladaji ve vzorcich pud se zvySujici  na obr. 4 a v tab. VI. Z vysledkt vyplyva, Ze se zvySu-
se zat€zi Ni a As, jde-li o pomalu nebo rychle rostouci  jici se zdt€Zi Ni a As v pudach klesaji pocCty rychle
skupiny. Ziroveii byly zjiStovany kumulativni poCty  rostoucich mikroorganismia a naopak se zvySuji poCty
mikroorganismi. Vysledky tohoto testu jsou uvedeny pomaleji rostoucich mikroorganismi. Tento trend je
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4. Kumulativni pocty kolonii mikroorganismi sledované béhem 10denniho testu (vzorky pid kontaminované Ni a As) — Cumulative numbers
of colonies during 10 days test (soil samples contaminated by Ni and As)

osa x: den — x axis: day
osa y: CFU/miska - y axis: CFU/dish

ziejmy hlavné u nejvyssi kontaminace ob&ma téZkymi
kovy. V pfipadé kontaminace Ni podty mikroorganismu
ze siln&ji kontaminovanych vzorkt pid 5L a 10L nedo-
sahuji po ukonéeni pokusu (ve fazi, kdy se jiZ denni
priristky ustdlily na stabilnich hodnotdch) po&tl mik-
roorganismi z méné kontaminovanych vzorkii a kon-
trolni varianty. Tato skuteCnost je nejlépe pozorovatel-
ni u lehké pidy. U té€Zké puidy doSlo u varianty 10L aZ
v zavéru hodnoceni k prudkému zvySeni poCtu kolonii.
Celkovy néardst mikroorganisml ze vzorki pud siln&ji
kontaminovanych As nebyl pfitomnosti As vyrazngji
omezen, naopak nejvice kolonii narostlo shodné na
obou pudéch u varianty 5L a i v tomto piipadé 3lo o
pomaleji rostouci mikroorganismy. Z uvedeného testu
vyplyva skute¢nost, Ze kontaminace pud témito kovy
brzdi rychlost riistu a mnoZeni mikroorganismi a v pi-
déch potom prevladaji pomalu rostouci mikroorganis-
my. V piipadé Ni jsou i jejich celkové poéty niZsi.
U silngji kontaminovanych variant As ptevladaji té%
pomaleji rostouci mikroorganismy, ale jejich celkové
polty nejsou redukovany. Pravé na zéklad& rychlosti
ristu kolonii mikroorganismi vytvorili De Leij et al.
(1993) systém hodnoceni struktury mikrobidlni komu-
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nity, ktery nazvali 1/K strategie (r-strategists = rychle
rostouci mikroorganismy, K-strategists = pomalu ros-
touci mikroorganismy). Citovani autofi zjistili, Ze rych-
leji rostouci mikroorganismy jsou citlivéjsi k toxickym
latkdm neZ pomalu rostouci mikroorganismy. Kozdréj
(1995) potom pfi hodnoceni reakci mikrobidlniho spo-
leCenstva na pridavek Cd a Cu touto strategii ovéfil, Ze
po umélé kontaminaci t€mito kovy v pudé pievladly
pomalu rostouci skupiny mikroorganismu.

Podobné zavéry zatim vyplyvaji i z naSich vysledka,
pficemZ lze konstatovat, Ze v pudach po dvouleté pfi-
tomnosti vysokych koncentraci Ni a As postupné pie-
vladaji pomaleji rostouci skupiny mikroorganismu
s niz§i diverzitou, které maji vy3§i rezistenci k uvede-
nym kovim a sniZenou biochemickou aktivitu.
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Z VEDECKEHO ZIVOTA

Prof. Ing. Andrej Fabry, DrSc., osmdesatilety

Prof. Ing. Andrej Fabry, DrSc., pochazi ze Sloven-
ska. Narodil se 17. 9. 1919 v Kolté, v okrese Nové
Zamky. Oba jeho rodi¢e zahynuli za valky v koncen-
tradnich taborech, on sam se skryval v Madarsku. Po
vilce priSel studovat do Prahy na Fakultu zemé&dé€lského
a lesniho inZenyrstvi CVUT a po ukonéeni studia v ro-
ce 1950 zustal na katedfe specidlni produkce rostlinné
jako asistent.

JiZ od poc&étku védecké kariéry se vénoval vyzkumu
olejnin, hlavné fepky. Nejprve se zabyval vyvojovou
biologii, zimovzdornosti a hlavn& péstovanim, sklizni
a kvalitou fepky. Vysledky vyzkumné prace shrnul ve
své prvni monografii Olejniny (Praha, CSAZV 1957).
Praktické zkuSenosti pak publikoval v metodice Biologic-
kd kontrola v agrotechnice ozimé fepky (Praha, UVTIZ
1976). Zde také uplatnil svoje pomérné rozsihlé vyzku-
my s vyuZitim regulatorti ristu u ozimé fepky. Za pfi-
pomenuti stoji téZ skutecnost, Ze jako prvni ovéfil a za-
vedl pfimou sklizen ozimé fepky, ktera se do té doby
sklizela délenou technologii. Byl rovnéZ prikopnikem
modernich zpusobu zakladani porosti ozimé fepky, véet-
né minimalniho zpracovani pidy. Dalsi prvenstvi, které
mu patii, je zavedeni Systému vyroby fepky, ktery byl
pozdéji uplatiiovan u ostatnich plodinovych systému
v CR a SR. Tento péstitelsky systém pfinesl naSemu
zemé&dé€lstvi velkou prosperitu a jeho vysledky nas vy-
nesly na predni misto v Evropé v péstovani fepky. Tato
tradice pokracovala s dal$im vyvojem odridové sklad-
by, se zavedenim bezerukovych odrud fepky a s uplat-
nénim vynosnych a kvalitnich odrid fepky, vhodnych
pro potieby zpracovatelského primyslu. Nase zemédél-
stvi trvale t€Zi z téchto zkuSenosti a fepka se stala jedinou
rychle se rozsitujici plodinou a dosud nejlépe cenénou
komoditou nagi rostlinné produkce. Rozvoj p&stovani
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fepky v CR bude navZdy spojen se jménem prof. Fab-
ryho. Jako odbornik je uznavan i v zahraniéi, kde se stal
¢lenem Svétové organizace pro fepku (GCIRC). K jeho
zahrani¢nim aktivitdm patii i pisobeni v Etiopii, kde se
podilel na vybudovéni velké zemé&dé&lské farmy.

Nelze rovnéZ opomenout oblast pedagogické Cinnosti
jubilanta. Jeho odborné fundované prednéasky, bohaté
na védecké i praktické poznatky, plynouci z jeho Sirokého
pojeti vyzkumu a soustavného styku s praxi, byly stu-
denty velmi cenény a hojné navstévovany. Jeho niro¢nost
u zkousek byla povéstna. Prof. Fabry vychoval fadu
svych nasledovniki, diplomantd a aspiranti, dnes jiZ
vynikajicich odbornikii v p&stovéani fepky. Vykonal téZ
mnoho pro rozvoj vyzkumu na katedfe rostlinné vyroby,
zaslouZil se o vybaveni pokusnych stanic a usiloval téZ
o prosperitu Skolniho zem&délského podniku v Lanech,
zejména ve funkci prorektora pro $kolni podniky.

Publikaéni Cinnost prof. Fabryho je velmi rozsahla.
Mezi jeho hlavni kniZni publikace patfi jiZ zminénd
monografie, dile Péstovdni rostlin 1V. (Bratislava,
SNPL 1957), Repka, hor¢ice, mdk a slunecnice (Praha,
SZN 1976) a Agrotechnika kvalitativné odlisnych od-
rid ozimé Fepky (Praha, IVV MZe CR 1992). Samo-
statnou bohatou fadu tvori publikace pro Systém vyro-
by fepky. Publikoval celkem 70 védeckych publikaci,
280 odbornych publikaci a referatt, fadu metodik pro
praxi, skript a téZ vynikajicich u¢ebnich pomicek.

S jubilantem se setkdvdme na nas$i katedfe jiz 49 let
a obdivujeme jeho pracovni aktivitu a duSevni svéZest.
I kdyzZ jiz ukonéil svoji pedagogickou drihu, pracuje
dosud napfiklad ve Svazu péstitell a zpracovateli olej-
nin, ucastni se fady odbornych seminait, konferenci
i ,,polnich kazani“ a sleduje pokusy vedené v ramci
SPZO. Stile se jesté vénuje publika¢ni Einnosti.

Prof. Ing. Jifi Petr, DrSc.
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Z VEDECKEHO ZIVOTA

Prof. Ing. Vaclav Fric, DrSc., sedmdesatilety

Prof. Ing. Viaclav Fric, DrSc., se narodil 28. 9. 1929
a odborné vefejnosti je zndm pfedevS§im jako predni
specialista-chmelaf. Jako vysokoskolsky profesor v oboru
rostlinné vyroby se celych 46 let intenzivné vénoval
vyzkumné a pedagogické Cinnosti. Na katedru rostlinné
vyroby Vysoké Skoly zemédélské v Praze nastoupil po
ukonceni studia na Agronomické fakulté, a zahajil tak
védeckou a pedagogickou Cinnost, u niZ zistal aZ do-
dnes, jmenovité lze uvést napiiklad jeho pfednasky pro
specialisty. Habilitoval se v roce 1966, profesorem byl
jmenovan v roce 1980. Vycet jeho odborné i pedago-
gické préce je rozsahly. Publikoval vice nez 150 praci,
z toho 110 védeckych, napsal 12 ucebnic a fadu skript.
Léta pusobil ve funkci predsedy komise statnich zave-
recnych zkousek.

Podnéty pro svou odbornou ¢innost erpal pievazné
z praxe, s kterou je stdle v tizkém spojeni. Realizaci
praktickych zdmérl v ndvaznosti na teoretické zaklady
daného oboru fesil naro¢nou problematiku, jako jsou
moderni technologie péstovani a poskliziiové Gpravy
chmele. Ve spolupréci s kolegy z Chmelafského insti-
tutu v Zatci propracoval tyto metody na $pi¢kovou tiro-
veii, odpovidajici Ceské chmelarské tradici. Jeho innost
byla po zasluze ocenéna i nejvy$§im mezinarodnim vy-
znamenanim, které v oboru chmelafstvi existuje: RytiF
chmelového Fadu.
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Jubilant odved] neméné rozsahlou praci organizacni.
Na Vysoké $kole zemé&délské (nyni Ceské zemédélské
univerzité) v Praze zastival jedno funkéni obdobi funk-
ci prodékana Agronomické fakulty, dvé funkéni obdobi
byl vedoucim katedry rostlinné vyroby a také predsedou
komise Agronomické fakulty pro udélovéani védeckych
hodnosti. V roce 1990 se stal feditelem Vyzkumného
tstavu chmelafského (pozdéji Chmelafského institutu)
v Zatci a v této funkci setrval aZ do letogniho roku, kdy
odesel do dichodu.

Dosud v8ak vykondva ufad prezidenta védecké komise
Mezindrodniho sdruZeni péstiteli chmele, coZ predsta-
vuje vysoké ocenéni nejen jeho osobni, ale ¢eského chme-
lafstvi vibec. Je tfeba pfipomenout také dlouholetou
intenzivni préaci jubilanta v redak¢ni radé Casopisu
Rostlinnd vyroba, kde svoji erudici vyrazné prispiva
k védecké drovni tohoto Casopisu.

Prof. Fric vychoval fadu svych nasledovniki, dnes
jiZz vyznamnych odbornikt, vysledky jeho dlouholeté
vyzkumné prace jsou zndmé v celém védeckém svété
a hojn& vyuZivané Sirokou zemédélskou praxi. Ve svém
okoli stale rozdava nejen odborné poznatky a zku¥enos-
ti, ale s elanem jemu vlastnim i tolik potfebny Zivotni
optimismus.

Prof. Ing. Josef Sroller, CSc.
Doc. Ing. Vdaclav Hosnedl, CSc.
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POKYNY PRO AUTORY

Casopis uvefejiiuje plvodni védecké price, kratkd sdéleni
a vybérové i piehledné referdty, izn. prace, jejichZ podkladem
je studium literatury a které shrnuji nejnov&jsi poznatky v da-
né oblasti. Prace jsou uverejiiovany v Cesting, slovenstiné nebo
angli¢tiné. Rukopisy musi byt doplnény kratkym a rozsifenym
souhrnem (véetné klicovych slov).

Autor je plné odpovédny za puvodnost price a za jeji véc-
nou i formalni spravnost. K praci musi byt pfiloZzeno prohld-
Seni autora o tom, Ze prace nebyla publikovina jinde.

O uveiejnéni priace rozhoduje redakéni rada asopisu, a to
se zfetelem k lektorskym posudkim, védeckému vyznamu
a pfinosu a kvalité prace.

Rozsah védeckych praci nesmi piesdhnout 12 strojopisnych
stran véetné tabulek, obrazka a grafu. V préci je nutné pouzi-
vat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni Gprava rukopisu: format A4, 30 fadek na stranku,
60 dhozu na fadku, mezi fadky dvojité mezery. K rukopisu je
treba prilozit disketu s praci pofizenou na PC a s grafickou
dokumentaci. Tabulky, grafy a fotografie se dodavaji zv1ast,
nepodlepuji se. Na vSechny pfilohy musi byt odkazy v textu.

Pokud autor pouziva v praci zkratek jakéhokoliv druhu, je
nutné, aby byly alespoii jednou vysvétleny (vypsédny), aby se
piedeslo omylim. V ndzvu prace a v souhrnu je vhodné zkra-
tek nepouzivat.

Nézev prace (titul) nemd piesahnout 85 tihozu. Jsou vylou-
feny podtitulky ¢lanka.

Kriatky souhrn (Abstrakt) je informa&nim vybérem obsa-
hu a zavéru Clanku, nikoliv vSak jeho pouhym popisem. Musi
vyjadfit vSechno podstatné, co je obsazeno ve védecké praci,
a md obsahovat zdkladni Ciselné ddaje vetné statistickych
hodnot. Musi obsahovat kli¢ova slova. Nema prekrocit rozsah
170 slov. Je tfeba, aby byl napsin celymi vétami, nikoliv hes-
lovité. Je uvefejiiovan a mél by byt dodan ve stejném jazyce
jako védecka préce.

Roz3ifeny souhrn (Abstract) je uvefejiiovan v anglicting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentovany vysledky priace a uvedeny odkazy na tabulky a ob-
razKy, popf. na nejdilezitéjsi literarni citace. Je vhodné jej
(v€etné ndzvu prace a klicovych slov) dodat v angli¢ting, popi.
v ¢estiné ¢i slovensting jako podklad pro pieklad do angliétiny.

Uvod mé obsahovat hlavni davody, pro¢ byla price realizova-
na, a velmi stru¢nou formou ma byt popsén stav studované otazky.

Literdarni prehled ma byt kritky, je ticba uvadét pouze
citace majici Gzky vztah k problému.

Metoda se popisuje pouze tehdy, je-li pivodni, jinak posta-
Cuje citovat autora metody a uvadét jen piipadné odchylky. Ve
stejné kapitole se popisuje také pokusny material.

Vysledky — pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot dava piednost grafim pied tabulkami. V tabulkéch je
tieba shrnout statistické hodnoceni namé&fenych hodnot. Tato
&ast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nilezy.

Diskuse obsahuje zhodnoceni prace, diskutuje se 0o moz-
nych nedostatcich a prace se konfrontuje s vysledky dfive
publikovanymi (poZaduje se citovat jen ty autory, jejichZ prace
maji k publikované préci bliZ§i vztah). Je pfipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura by méla sestdavat hlavné z lektorovanych perio-
dik. Citace se fadi abecedné podle jména prvnich autort. Od-
kazy na literaturu v textu uvadéji jméno autora a rok vydani.
Do seznamu se zafadi jen price citované v textu. Na price
v seznamu literatury musi byt odkaz v textu.

Na zvlaStnim listé uvadi autor plné jméno (i spoluautora),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracovisté s PSC, &islo telefonu a faxu, popf. e-mail.
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