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VYZNAM ORGANICKE HMOTY V PUDE

Pii preméné organické hmoty v pudé se vyznamnou mérou uplatiiuji bio-
logické, zejména mikrobiologické pochody. Organicky substrdt, kiery pFichdzi do
pudy, je vyuzivdn pudni mikroflorou jako zdroj biogennich prvki, zejména uhli-
ku, a jako zdroj energie. Subsirat je éastecné mineralizovdn, édsteéné je synte-
tizovdn v nové organické latky. Rychlost, s niz jsou organické latky rozklada-
ny, je pro kazidou ldtku charakteristickd. Je zdvislda na chemickém sloZeni roz-
kladajici se ldatky a na mikrobnich coenozdch, které se zucastni rozkladu. Re-
gulace mineralizace a humifikace organickijjch latek v pudé umoznuje dosdhnout
optimdlniho piisobeni organickjch ldtek na biologické vlastnosti pidy. Dynami-
ku piemén organickych latek v pudé lze regulovat doddnim organickych latek
do piidy, pomérem C :N : P, eventudlné dalSich biogennich prvki, regulaci
hydrotermického rezimu pudy, stupném aerace pudy a specifickymi ucinky plo-
din a jejich st¥idinim. Uspésnd regulace mikrobnich pochodii predpoklddd po-
drobnou znalost narokii pudni mikrofléry a znalost mikrobnich procesi vyvo-
lanjch uréitgmi zdsahy. Nejdilezitéjsim praktickym regulaénim faktorem je or-
ganické hnojeni zemédélskijch pud, zejména orngch pud. Mnozstvi organickych
latek, které prichdzeji hnojenim do pudy, je dopliiovdno dalsimi organickymi
latkami. V' prubéhu rustu plodin piichdzeji do pudy kofenové sekrety, posiupné
odumird édst kofenového systému rostlin a po sklizni plodin zistdvaji v pudé
koteny a sklizriové zbytky.

Hlavni pfiznivé tucinky organické hinoty v pudé je ireba spatfouvat nejen
v tom, ze umozniuje viZivu pudni mikrofléry a tim intenzivni pfeménu rostlin-
nych zivin, ale i v tom, ze je dobrym zdrojem humusotvorného materidlu a hu-
musu. Funkce organické hmoty je ve svém komplexu pro pudu a zachovani jeji
urodnosti velmi diilezitd a jingmi opatfenimi v plné mire nezastupitelnd.

Organickd hmota v pudé, jeji funkce a dynamika, jeji doplriovani hnojenim
a pouzivani organickych hnojiv je stredem zdjmu piidnich mikrobiologi, bioche-
miki, pudoznalcu, rostlinnjch vyzivdiu. fyziologii a agronomi. Je tedy ziejmé,
Ze organickd hnojiva jsou nejen dulezitou soucédsti zemédélské vyroby, ale je to
obor, ktery se stdale vyviji. Rychlj vgvoj ve vgrobni sféfe klade nové a nové
pozadavky na vyzkumnou éinnost v této oblasti. Domnivam se, Ze vyzkumnd
pracovisté pozadavky vidy prijimala a na poloZené otdzky odpovidala v co nej-
kratsi dobé s maximalni piesnosti, jak je patrno z bibliografie a pFispévkii v pied-
klddaném monotématickém ¢isle ,Preména organickijch ldatek v pidé“, jehoz vé-
deckym redaktorem je prof. dr. ing. Vdclav Kas, DrSc. Chronologicky sefazend
bibliografie shrnuje dosavadni vysledky prdce na tomto duseku viyzkumu od
r. 1954. Nasledujici jednotlivé prispévky z ceskoslovenskych pracovist jsou obra-
zem soustavné a komplexni prdce FeSené problematiky v soucasnosti.

Dr. Jaroslava Pokormd, CSc, Vyzkumné ustavy rostlinné vyroby, Praha-
-Ruzyné
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ORGANIC MATTER TRANSFORMATION IN SOIL

The biological approach to humus research was applied only in the second
half of the nineteenth century; gradually, this orientation prevailed, especially in
the study of humus formation. It is ever more apparent that this is the only view-
point from which any important findings can be expected.

There are various theories, concerning, on the one hand, the sources of hu-
mus (lignin, tanning materials, cellulose, pectin substances, etc.), and on the other
hand the microorganisms taking part in the humification processes (micromycetes,
bacteria, actinomycetes); some theories concern also the character of the humi-
fication processes (aerobic, anaerobic). The wvery principles of these theories are
often contradictory. A standardized description is still lacking of the conditions of
the synthesis of humic substances, especially of humic acids. Despite of all the
efforts of many researches throughout the world, many problems in the field of
humus research remain unsolved. This is not surprising because the complexity of
the problem increases with each new finding.

For instance, as to the sources of humus, there is a well-known lignoprotein
theory (Waksman) according to which the readily decomposable substances such
as cellulose, simple carbohydrates, etc., play an unimportant role in humus production
The main materials are the lignin of plant tissues and microbial proteins producing
as result of mutual interactions a lignoprotein complex, highly resistant to de-
composition, which forms the main constituent of soil humus. This is, no doubt,
an important theory; mevertheless, it cannot be considered as the exclusive inter-
pretation and explanation of the humussforming processes. The Russian researcher
Trusowv, who studied the formation of humic substances from leaves and grass
under natural conditions, found already in 1914 that wvarious organic, and even
simple, substances could serve as the indirect sources of humus, while substances
hard to decompose served as the direct sources. Mishustin (1951) who criti-
cized the existing views of the origin of humus pointed out that it was impossible
to consider any single substance as the initial humus-forming substance; there may
be warious combinations of compounds, both in the starting material and in the
products of microbial synthesis and fermentative activity. The actual conditions
of the medium will play an important role in any case. The original division of
humus sources into the direct and indirect ones is being abandoned at present,
because all the initial organic substances undergo considerable changes during the
process of humification. Humus does mot result from decomposing processes alone;
on the contrary, it is mainly the product of synthetic processes wherein the de-
cisive role is played by soil microorganisms (Konomova, Flaig, and others).
Nowvdk emphasizes the energetic aspects of the problem: the simpler the sources
of humus, the higher the requirement for the energy mneeded for the complex
synthetic processes to take place.

As to the microflora participating in humus production, we must mention
Kostychewv who studied soil micromycetes in the 1882—1885 period; he was
the first to reveal the important role of micromycetes in the formation of humus
in soil and its enrichment with nitrogenous substances from the proteins of -mic-
romycete bodies. Recent studies have revealed that vasious groups of microorganisms
take part in the production of humus and that me succession of these organisms
is mecessary. For instance Kononowva claims that the succesion of the humifi-
cation process in plant lignocelluloses is the followirg: fungi, usually with mon-
-sporulating bacteria — sporulating bacteria — myxobacteria producing cellulose
— actinomycetes. The important role of non-sporulating bacteria in humification
processes was pointed out by Gelcerovad (1959). If an addition of toluene was
applied in order to inhibit the development of these bacteria, humic substances
were not produced even after twenty years. In Czechoslovakia, the succession of
different groups of microorganisms in the ripening of composts (intensive humific-
ation processes take place during ripening) was treated by K d § (1947). He recognized
three such successions: the first is the bacterio-micromycetic stage, which is replaced
by the actinomycete stage after the elimination of readily decomposable organics
(actinomycetes are able to degrade event orgamnics which are hard to decompose).
These two stages alternate in the course of the ripening of compost matter, and
when the mineralization and humification processes are finished, this alternation
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is followed by the third stage, characterized by the prevalence of cocci. Actinomy-
cetes play an important role in the activation of humic substances in oxyhumolites,
during their composting (Kad§ 1947). Nowv dk (1962, 1963) also claims that a com-
plex enzyme system is a mecessary prerequisite for complex changes; this condition
can be met only if there is a rich microflora, varied as to its species and type
composition, such as, e. g., the microflora of soil. In our country, the important
role of cellulolytic microflora in the conversion of organic substances is treated
systematically by Pokorna.

There have been videly differing views also as concerns the problems pertain-
ing to the character of the proceses of humus formation. For instance, Viljams
claimed that humic substances were formed mainly under anaerobic conditions.
For this reason, he recommended that the stubble remaining after leguminous crops
should be ploughed-in only late in autumn when the low temperature and Ifi-
mited access of air into wet soil prevent rapid mineralization of organic matter.
Conversely, the trials performed at the Institute for the Grass-Arable System,
now called the Agricultural Research Institute in HruSovany u Brna, have de-
monstrated quite clearly that it is advantagenous to plough-in the soil after clover-
-grass stands already in late summer (August, beginning of September), because
the decomposition of the residues of the ploughed-in stubble is not favourable for
the subsequent crop (wheat) (Ridky, Ulehlovd, AmbroZovd and others).
It is interesting that Stoklasa (already in 1929) found that the process of hu-
mification under aerobic conditions reached the highest intensity if the partial
pressure of oxygen was decreased. Novak’s papers (1962, 1963) are progressive
in this respect. The papers are based on Nowvak’s broad studies in the micro-
biological and biochemical processes for the evaluation of different methods of the
storage of dung. He demonstrated that there is practically no huminification if dung
is stored by the ,wet-solid“ method, i. e. under more or less anaerobic conditions;
in other words, this method can be considered as a method of the preservation of
the manuring value of dung. On the other hand, humification processes take place
in well-established composts, so that a good, well-ripened compost is a good humus
fertilizer. New studies have demonstrated experimentally that the production of
humus is a biochemical process depending on the sufficient supply of humus-form-
ing sources and on the supply of free, biochemically available energy:; hence this
process is directly related with the aerobic and enaerobic metabolism of a suitable
microbial cenosis. Maximum humification was achieved when the aerobic and an-
aerobic processes were functionally balanced. The formation of the precursors of
humic substances for a shorter time increases the productiveness of humification;
a longer use of the precursors results in a decrease of humification productiveness
(unfevourable changes in microbial communities as concerns the humification).
When anaerobic conditions were applied permanently, the productivity of humi-
fication was practically equal to zero. The high importance of the energetic aspects
of humification was demonstrated by the trials performed by Novdak and
Franklova (1962): when the terminal and oxidative phosphorylations (i. e. the
decisive factors underlying energy production during aerobic processes) were in-
hibited, humification was considerably reduced and remained at the level of humi-
fication under anaerobic conditions. These findings are of high importance for
purposeful control od humification processes in the production of good farm and
industrial composts and the humification processes taking place in soil.

Soil scientists are the main researchersin Czechoslovakia who deal with humus,
particularly with its proportion and composition in wvarious soil types (the fulvic
humic acid ratio), with dynamics under the conditions of various cultural practices,
with classification ete. (Novadak, Kosil, Najmr and others). Some soil scien-
tists have studied forest soil humus (PeliSek, M a7 an), and others humus as such
(Sotakowvd, Bedrna, Pospis§il and others). Humus problems were treated
also by physiologists (the effect of humic substances on plants). As to papers in this
field, those by Pradt et al. and Rypacek et al. deserve special mentioning. These
problems were dealt with also by foreign authors, particularly by Khristeva and
Guminski. There is still only scarce information of the principles of wvarious
effects of humic substances on organisms. It is a great disadvantage that inade-
quately defined substances are frequently used for experimentation. In addition,
high importance is attached to the fact that humus fractions prepared have different

biological effects.
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In our country, microbiologists study humus, as mentioned above, mainly in
relation with farmyard manure (its storage and proper use), and with the grass-
arable system .In recent years, a mew research problem related to litterless ani-
mal housing has ‘been rinder study: whether or mnot ploughed-in straw
plus liquid manure are egually wvaluable as ploughed-in farmyard wmanure.
Long-term trials are under way in foreign countries as well as in Czechoslovakia,
to solve this problem. Furthermore, there is the problem (of considerable im-
portance and urgency) of the humus balance and soil fertility in simplified crop
rotations using monocultures.

The production of industrial composts from wvarious wastes, particularly mu-
nicipal wastes, is an effective supplement to farmyard manure (Ducho, Kds§,
Lébl and others). Carbo-fertilizers, especially those produced from chemically
prepared coal matter, are promising; they gave good results in trials performed
until present (Duchot, Fiedler, Hubdcek, Kovd+ and others).

The search for all the possible methods and approaches to the enrichment
of soils with humus is a prerequisite for the effective use of high rates of com-
mercial fertilizers, as clearly indicated by the results of long-term trials (performed
at the Institute for Plant Nutrition, Praha-Ruzyné). The function of combined fer-
tilization (organic -+ mineral) is not additive, but complex (N o v d k).

The problems of humus formation are closely related to the problems of trans-
formation of soil organic matter which have been studied in a complex manner
under the leadership of Bohumir Nov dk at the Research Institute for Plant Pro-
duction in Praha-Ruzyné since 1954. Some of the latest findings in the range of
problems solved up to now are the subject-matter of this monothematic number.
The review of results obtained in previous studies are presented in a chronological
table of the published papers by individual authors.

K. Rid kv, Agricultural research Institute, HruSovany u Brna

Adresa autora:

RNDr. Karel Ridky, CSc, Vyzkumny ustav zakladni agrotechniky, 66462 Hru-
Sovany u Brna
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Mezinarodni sympozium o biodegradaci a humifikaci

(1° Colloque International Biodegradation et Huminification, Nancy,

France.)

Predseda: prof. F. Mangenot. Organizaéni vybor: dr. G. Kilbertus, dr.

O. Reisinger, dr. J. P. Cancela da Fonseca, dr. A. Mourey, dr. R. Delon.
Mikrobiologicka laboratof university v Nancy ve Francii uspo-

radala ve dnech 16.—21. zari 1974 mezinarodni sympozium o biodegra-

daci a humifikaci, seskupené do 4 tématickych celkl:

1. Mikrofléra a fauna podilejici se na biodegradaci.

2. Preména rostlinného a Zzivocisného substratu mikroflérou a mikro-
faunou.

3. Vzajemné vztahy mezi organismy a humusovymi latkami. Preména
rostlinnych a zivoc¢iSnych latek v humusové substance.

4, Naru$eni mikrobiocenéz a biodegradace pii pouzivani pesticidu.

Na sympoziu bylo registrovano 95 ucastniki, a to jak domacich
(polovina), tak i z ostatnich zemi (ze socialistickych zemi 12 ucastnikw).
Bylo prihlaseno 52 referatd téchto autoru:

Bhatnagar, T. — Bouche, M. — Chandra, P. — Cheshire, M. V. Graves,
M. P. Mundie, C. M. — Cole, G. T. — Dabek-Szreniawska, Malgorzata —
Frankland, Juliet C. — Greaves, M. P., Darbyshire, J. F. — Guckert,
A. — Gupta, K. G., Sud, R. K. — Haider, K., Martin, J. P., Fustec-Mat-
hon, Eliane — Hedger, J. N. — Hudson, H. J. — Huntjens, J. L. M. —
Jaiswal, S. P., Verma, A. K. — Jeanson, Colette — Jensen, V. — McKenzie,
E. H. C. — Kosinkiewicz, Barbara — Lee, K. E.,, Butler, J. H A. —
Lehmann, P. F. — Leval, de J. — Linden van der, M. J. H. A. — Lousier,
J. D., Eliott, M. J. — Malik, K. A. — Menut, G., Duchaufour, Ph.
Meriaux, S. — MiSustine, E., Tepper, E., Ivanova, B. — My$§kéw, W.,
Rybka-Wozniakowska, Anna — Nicot, Jacqueline — Old, K. M., Nicolson,
T. H. — Pantera, Halina, Zurawski, H., Ploszynski, M. — Parkinson, D.,
Lousier, J. D. — Parmentier, G. — Pierre, J.F. — Pozsar, B. I. — Reber,
H. — Remacle, J. — Righi, D.,, Jambu, P.,, Mathon, E., Dupuis, T. —
Rykowski, K. — Saiz-Jimenez, G., Haider, K., Martin-Martinez, F. —
Schwarz, Ch., Bruckert, S., Jacquin, F. — Stringer, R. N. — Szegi, J.
— Tchan, Y. T,, Roseby, J. E. — Tesarovd, Marta — Toutain, F. — Tro-

janowski, J., Haider, K. — Urbina, Angela, Schaefer, R. — Varnero,
Maria T., Schaefer, R. — Verma, L., Martin, J. P., Haider, K. — Visser,
Suzanne, Parkinson, D. — Wagner, G. H., Krzywicka, Anna.

Kolokvium umoznilo ziskat prehled o stavu vyzkumu a jeho zamé-
rfeni v oblasti systému mikrofléora-mikrofauna-preména organické hmo-
ty v pudé-rozklad organickych latek-humusotvorné latky-pesticidy-rost-
lina.

Ing. Anna Putikovd




GEL CHROMATOGRAPHY OF HUMIC ACIDS

F. POSPISIL

POSPISIL F. (Institute of Experimental Botany, Czechoslovak Academy of
Sciences, Praha). Gel chromatography of Humic Aczds Rostlinna vyroba (Praha)
20 (8) :795-800, 1974.

Gel filtration on Sephadexes having different fractionation abilities. enables
to fractionate the humic acids successively. We have used G 25, 50, 75, 100 for
division of humic acids from chernozem and we have found out that they
contain 14 Y}, of the fraction approximate m. w. up to 10,000, 16", of m. w.
10,000—50,000, 109, m. w. 50,000—100,000 and 409, of the fraction of m. w.
> 1000, 000 Fraction with a lower m. w. have a higher colour quotient and a
higher COOH acidity. The IR spectra show that they are of a more aromatic
nature than fraction with a higher molecular weight. Figure 3 shows a distri-
bution of the parts having different m. w. in humic acids, isolated from the
chernozem, that means their polydispersed character.

Gel filtration (chromatography) enables to fractionate the humic acids into
several fractions that differ by the mean molecular weight and also by the op-
tical properties in UV light, visible, in IR light and by the contents of functional
groups (Bailly, Margulis 1968, Butler, Ladd 1968, Dell’Agno-
la, Ferrari 1971, Khan, Schnitzer 1971, Khan, Friesen 1972,
Ladd 1969).

Fraction that is excluded by the gel having the fractionation capabilities
between 10'—10° average m. w. with Kd > 1 has a higher absorbancy in the

UV region (similar to lignin), and also a lower colour quotient Q'6,sirnilarly

as the gray humic acids, its IR spectra have relatively higher contents of alipha-
tic CH groups (in CH,) and therefore a smaller affinity to water. We have
therefore used the gel chromatography on the Sephadexes for the fractionation
of the humic acids, of humus substances and for the characteristics of individual
fractions. We have been determining the contents of amino acids (Pospig§il,
Cvikrova 1969), carboxyl groups and the optical properties (Pospi§il
1971) of the individual fractions. Differences in the IR spectra of the indi-
vidual fractions have ascertained their aromaticity and colloidal properties
(Pospisil, Cvikrova 1972). We have found out that meanwhile /indi-
vidual fractions do not differ in the contents of amino acids, the fraction exclu-
1ed by the gel is more condensed, has a lower colour quotient, but on the con-
trary lower contents of carboxyls and it is relatively of a less aromatic nature
than fraction retained in gel.

In conformity with other authors (Swift, Posner 1971, Cameron,
Swift, Thornton, Posner 1972), we have ascertained that while divid-
ing on the gels, it comes to a partical adsorption of the humic acids’ fractions by
the gel matrix. If as eluant the distilled water is used, then the Coulombic forces
can much retain particles of humic acids. Similarly, van der Waal's forces can
act so that Kd of some fractions is higher than 1,0, which leads to the conclu-
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4
sion that low molecular fractions(with a high Q?) contain even a small part of

4
the high molecular weight fractions(with a low QK) From these reasons the

desalting of humic acids by gel filtration is also difficult (Neddermeyer,
Rogers 1968).

In order to destine the m. w. of fractions on G 100 we have used data
(Bailly, Margulis 1968, Cameron, Swift, Thornton, Posner
1972). :

MATERIAL AND METHODS

1. Humic acids (further HA only), used in this work have been prepared by
the extraction by 0,1 N NaOH from soil sample of chernozem (Brazdim) described
already before (Pospis§il, Cvikrova 1969, Pospi§il 1971).

Their partial characteristics are as follows:

400
600
COOH contents = 4,4 mekv/g, IR spectra have already been described before
(Pospi§il, Cvikrova 1972).
2. Sephadex gel (G-25, 50, 75, 100) was packed into glass columns 2 X 40 cm.
3. The kind of division and registration of elution curve has already been
described before (Pospi§il, Cvikrova 1969).

C = 539, colour quotient Q nm = 3,2;

4. Colour quotient Qghas been stated by measuring Na-humates at 400 and

600 nm on Specole (Zeiss).
5. The contents of COOH have been determined:

a) by titration of HA and their fraction with NaOH solution (in N2 atmosphere)
b) by Na — acetate method (Schnitzer, Gupta 1965).

6. We have obtained the IR spectra by means of the KBr discs technique on
the H 1200 Infragraph spectrometer.

RESULTS

1. FRACTIONATION OF HA ON SEPHADEXES G-25, 50, 75, 100

We have put on the gel column 5 ml of sol of HA in the H* cycle (after
filtration through the Dowex H* column), the Esp of which was 0.9—1.1. The
eluant in these series was distilled water.

Registration at 254 nm enabled us to gain curves as it is seen on figure 1.

On G-25 the HA have been divided into two fractions, the Kd of which
do not differ very much (Table I). We presume therefore that the prevailing
part of the molecule HA (80 %) is of a high molecular nature. But on G-50
we are ascertaining division of HA into three fractions, so that on fraction
excluded by gel is 66 %, share of the third fraction is raised on 22 %, thus ac-
cording to the fraction ability of gel, this fraction and also the second one has
m. w. approximately 10,000.

Gel G-75 divides HA also into three fractions, but the share of high mo-
lecular fraction is reduced, as it is in case of gel G 100, where there comes to
the division into three — four fractions, whereby fraction with m. w. approxi-
mately 100,000 (Schnitzer, Gupta 1965) is only 40 %. Humic acids from
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chernozem comprehend thus round
40 % of fraction of m.v. approxima-
tely 100000 and only 15—20 % of
fraction of m. w. round 2.500—5.000
(according to the division on G-25
and G-100), presuming that there has
rot come to adsorption of HA on gel

4
matrix. Values Q 6 show that the
4
fractions II/III have a higher Qgthan

fraction I, that brings us to the conclu-
sion that they are of a low molecular
nature.

2. GEL FILTRATION OF HA WITH
BUFFER AND KCl ADDED

In order to suppress the influence
of adsorption HA on gel, we have di-
vided them into G 100 (that has
iractionation abilities in a broad extent
with m. w.) while adding electrolyte.
The results of fractionation show that
under the presence of borate buffer, it
comes to the division of fraction which
is excluded by the gel into two tract-
ions, that have Kd 0.3; 0.9; the third

4
fraction has Kd 1.8. Q 6 is in the

[irst fraction 3.4, in the second one 4.0
and in the third one 4.2. This proves
that the second fraction at the elution
by water is partly absorbed on gel;
cnly reduction of adsorbing forces
leads to its fractionation. .

3. CHARACTERISTICS OF FRACTIONS

Fractions obtained by fractionation
on G 100 (distilled water as eluant)
have been mixed intotwoones (I+1I),

4
(ITT 4+ IV) and Q 1 and contents of

COOH have been stated. The results
are given by table II. Low molecular
fraction (5,000—10,000 m. w.) cont-
ains nearly twice more COOH groups

|
f G 25
S|
| [ 0]
0 10" Kkd
1 G 50
3
O
i | _ | o
[0} 10 Kd

OB, =
;
Y
&

0.0, —=—
;

s

o

o

| f

70 Kd
(ml) elutron volume

1. Fractionation of HA on Sephadex G
25, 50 ,75, 100 while using distilled wa-
ter as an eluant. — Frakcionace HK na
,Sephadexech® G 25, 50, 75, 100 za pouZiti
destilované vody jako eluéniho ¢inidla

according to the carbon contents. This fraction is more of an aromatic nature
what is natural due to the contents of COOH groups and also to the contents
of -C=C-bounds and of CH groups as shows the relation of the absorption
at 1610 ecm~' to 2890 ecm~'. Similarly it is with fractions obtained on G 25

as show the IR spectra on figure 2.
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1. Distribution coefficients Kd and -fractionation of single fractions of HA (in 9,
of area) on Sephadexes G 25, 50, 75, 100. — Distribuéni koeficienty Kd a rozdéleni
jednotlivych frakei HK (v %, plochy) na Sephadexech G 25, 50, 75, 100

Fraction
Sephadex Kd %
I 11 111 1. \ 11 } 111
G 25 0.0 0.4 80 20
G 50 0.2 0.9 1.5 66 12 22
G 75 0.1 0.7 1.4 51 12 47
G 100 0.3 1.0 1.8 40 38 22
(7 + 15)

4
II. Contents of Cox, COOH groups, values annd relation of absorptions at

1610 em—! (aromatic C = C) to 2890 ecm-! (C-H aliphatic in CH2) at the fractions
of humic acids obtained by the fractionation on G-100. — Obsah Cox, COOH sku-

: 4
pin, hodnoty an pomér absorbei pii 1610 em~-! (aromatické C = C) k 2890 cm—"
(C-H alifatické v CH2) u frakei huminovych Kkyselin ziskanych délenim na G 100

COOH 4 Relation absorption
Fraction mg Q- 1610 cm™1!
mekv/10 ml | Cox/10 ml 6 2890 cm—1
I+ II) 0.014 0.54 3.2 15—
(II + III) 0.013 0.27 4.0 2.7—3.0

L | | 1 i L1 1 I I N l |
4000 2000 1600 1200 800 cm

=4

2. IR spectra HA and fractions 1 and 2, obtained after the fractionation on G 25. —
IR spektra HK a 1. a 2. frakce ziskané po déleni na G 25
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DISCUSSION

Gel filtration on Sephadexes having variou fractionation ability, enables to
determine the conclusions concerning the distribution of molecules of humic acids.
In our case, humic acids from the chernozem contained:

40 % of fraction approximate average m. w. > 100,000

10 % of fraction approximate average m. w.  50,000— 100,000
16 % of fraction approximate average m. w. 10,000— 50,000
14 % of fraction approximate average m. w. < 5,000— 10,000

This means that 50-—60 % of the fraction of humic acids are composed
from the molecules having a molecule weight > 50,000. To this corresponds

4
also a low colour quotient Q - of the HA from chernozem.

5 —
60—
-
/3
~ /
204 /
i 4
L ”~ ~ o
3. Distribution of the fractions having // i
different approximate m. w. — Distribu- 0 =T | i | L i
ce frakei o razné m. v. u huminovych 3 P 5
kyselin z ¢ernozemeé 10 10 10

Molecular Weight

But as the graph on lfigure 3 shows, the distribution of the parts of different
m. w. in humic acids of the chernozem does not correspond to a normal division,
because the curve seems to be composed of two peaks. At the coagulation
of HA (by an acid) or by NaCl solution, we obtain also two fractions which
confirms the distribution on Sephadexes. Infrared spectra of the individual
fracticns are in conformity with the statements that were published before
(Pospi§il, Cvikrova 1972). They remind of relatively higher aroma-
ticity and contents of COOH groups at the fractions with a lower m. w. In
conformity with this, fractions with a higher m. w. have a lower variety in
the individual bounds which indicates a more colloidal character of these frac-
tions; higher contents of the aliphatic groups signify then their smaller aftfinity
to the water.

A successive gel filtration of HA on various gels of Sephadexes anables
thus to determine a distribution of molecules in the individual fractions. We come
out from the conception that the fractions of HA are not homogenous but
that they comprehend molecules of a different size and of a different molecule
weight. Analogously to other methods of fractionation (coagulation, electroforesis,
ultracentrifugation etc), we come to the conclusion that the obtained extracts
of HA are polydispersity in their character. The distribution of m. w. in the
solutions of HA has thus an importance for their properties.
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POSPISIL F. (Ustav experimentalni botaniky CSAV, Praha). Gelovd chromatografie
huminovych kyselin. Rostlinna vyroba (Praha) 20 (8) : 795-800, 1974.

Gelova filtrace na Sephadexech o rizné délici schopnosti umoznuje huminové Kyse-
liny postupné frakcionovat. PouZili jsme Sephadexy G 25, 50, 75, 100 pro déleni hu-
minovych kyselin z ¢ernozemé a zjistili jsme, Ze obsahuji 149, frakce o m. v.
do 10000, 169, frakce o m. v. 10 000—50 000, 109, frakce o m. v. 50 000—/100 000
a 409, frakce o m. v. > 100 000. Frakce o niZ$i m. v. maji vy$si barevny kvocient
a vyssi karboxylovou kyselost. IR spektra ukazuji, Ze jsou vice aromatické po-
vahy neZz frakce o vy3si molekulové vaze. Obr. ¢ 3 ukazuje distribuci ¢éastic o ruz-
né m. v. u huminovych kyselin isolovanych z ¢ernozemé a téZz jejich polydispersni
charakter.

NOCMUIINWJL P. (Hucruryr sxcnepuMenransHoir 6Goranuka UCAH, Ilpara). I'eneas xpoma-
rorpadus rymuHoBeix KHcror. Rostlinnd vyroba (Praha) 20 (8) : 795-800, 1974.

Tenesas ¢uubrpanus Ha Cedanexcax pasHOM CIOCOGHOCTH IEJNEHHS NO3BOJIAET TyMUHOBBIE KHC-
JIOTHl mocTeneHHo $pakiuonuposars. Mser mpuMenunu Cedamexcs: I' 25, 50, 75, 100 nas neie-
HMf TYMHHOBBIX KHCJOT M3 uepHO3eMa H YCTaHOBHJH, 4TO OHHM comepxar 149 ¢paxuumit
¢ M. B. 1o 10.000, 169, $pakumit ¢ M. B. 10.000—50.000, 109, Ppakuumit ¢ M. B. 50.000—
100.000 u 409, ¢paxmuit ¢ M. 8. > 100.000. Ppakuum ¢ M. B. HEXKE HUMEIT 6GOJee BHICOKHI
IIBETHOH KBOIJHEHT H BBHICOKYI0 KapOOKCHJIOBYI0 KHCJIOTHOCTh. KP cmekTpa nOKasbiBaeT, 4TO OHH
6osee apoMaTH4eCKOTO xapaKrepa, uYeM OQpaKIHH C BHICIONM MOJEKYJsAPHHIM BecoM. Pmc. No 3
IOKasbiBaeT paclipelieleHMe YacTHI C PasHEIM M. B. y TYMMHOBHIX KHCJIOT, M30JHPOBaHHBIX H3
JyepHO3eMa, a TaKXe HMX IOJMIMCIEPCHOHHBIN XapakTep.

Adresa autora:

RNDr. Frantisek Pospigil, CSc., Ustav experimentilni botaniky CSAV, 16000
Praha 6, Na Karlovce 1




PRESENT DYNAMICS OF THE HUMUS MATTERS OF BROWN
FOREST SOIL IN CONDITIONS OF ORGANIC FERTILIZING

Sona SOTAKOVA

SOTAKOVA S. (University of Agriculture, Nitra). Present Dynamics of the
Humus Matters of Brown Forest Soil in Conditions of Organic Fertilizing. Rost-
linna vyroba (Praha) 20 (8) : 801-808, 1974.

Present state and dynamics of the humus matters of brown forest soil ref-
lects not only natural but mostly cultural soil-forming processes which are
influenced by the high level of agronomical practices of agricultural crops
growing. Already four-year small-field vegetational experiments with annual
organic fertilizing (40 t of farmyard manure/ha) point at conspicuous chan-
ges both in the total contents of carbon and in the contents of the particular
humus components, at the same time preserving dynamics balance between
the formation, decomposition, and movement of the organic matters, characte-
ristic for brown forest soil. Changes in the contents and composition of the
humus matters in the course of the year have a rhythmic character and bear
upon the seasonal changes of the hydro-thermic regime and biological activity
of the soil. In the profile of brown forest soil the humus matters have different
dynamics bearing upon the genesis of the particular horizon. In the humus
horizon (to 20 cm depth) with a slight increase of the total carbon contents
there occurs a marked change in the contents of fulvic acids. In the illuvial
horizon (20—40 ¢m depth) the content of the total carbon increases considerably
while the representation of humic-and-fulvic acids, after a slight fall, preserves
an even course. In the intermediate horizon, similarly as in the humus horizon,
it is the dynamics of fulvic acids that makes itself evident more markedly.

brown forest soil: genetic horizons; farmyard manure; liming: state of humus
matters

Solution of the problems connected with reaching high yields of agricul-
tural crops requires increasingly intensifying observation of the development
of the productive capacity of soils under the influence of intensive agrotechnical
methods upon present soil-forming processes and their elementary particles.
A long list of works proves that an inseparable part of modern intensive agro-
technical practices is represented by organic fertilizing (Ansorge 1969, No -
vak 1969, Rauhe, Kunze 1968, Sotakova 1971), the role of which
is not so much the increase of the total contents of humus as the regulation
of its qualitative composition, biological potential, energetic level of the change
processes, sorption ability, physical state of soils, and efficiency of synthetic
fertilizers.

An especially important question is that of organic fertilizing of the brown
forest soil, which not only offers biologically more active humus horizon for
the formation of the plough layer, but, in the case of erosive processes also
the illuvial or intermediate horizon with substantially lower contents of humus,
weaker biological activity, increased contents of clay, density, poor aeration,
and permeability. As the basic theory concerning the increase of the intensity
of humus-forming process and the directing of the dynamics of organic matters
in soils has not been fully clarified up to now (Aleksandrova 1963,
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I. Changes in contents and quality of humus substances of the brown soils at
organic fertilizing. — Zmeny v obsahu a kvalite humusovych lalok hnedozeme pri
organickom hnojeni. Numbers and terms of samplings — ¢&isla a terminy odberov:

1 -— 25. 4, 1966 2 — 3. 6. 1966, 3 — 13. 7. 1966, 4 — 5. 5. 1967, 5 — 27. 6. 1967,
6 — 19. 7. 1967, 7 — 6. 5. 1968, 8 — 2. 7. 1968, 9 — 12."7. 1968, 10 — 29. 4. 1969,
11 — 14. 7. 1969, 12 — 2. 9. 1969

. D ; ; )

Variant inegrtnh ‘ 00 Cox C,"o CHk ’ 90 CFL‘
Brown soil 0—22 1.06 21.22 40.00
22—40 0.44 29.32 69.44

4056 | 0.36 33.61 54.16

5670 | 0.28 25.00 . 52.14

Dung g 18.39 1 20.78 1 25.34

1966 (barley)
number of collections
| 1] 21 3 1| 2.3 | 1|23

1. h — control 0—-20 | 1.25 | 1.24 | 1.11 |'19.29 21.20; 18.13 | 30.48 | 24.78 | 36.01
20—-40 | 0.78 | 0.99 | 0.82 | 20.52| 21.94 | 21.57 | 37.74| 38.65 | 33.83

40-60 | — | — | — | & e i

|2h+ MH +  0-20 | 1.42 | 1.40 | 1.26 | 20.44| 19.44 20.19] 20.73| 26.67 | 36.10

| + caco, 20-40 | 0.81 | 0.89 | 0.84 | 21.85| 14.83 | 14.64| 32.12| 29.57 | 29.09
0-60 | — | — | - |2 | = | - l o | = § o
3.h + MH 0-20 | 146 | 1.55 | 1.10 | 19.48| 19.85| 22.29 | 24.78 | 27.60 | 45.10

17.28 | 18.66 | 31.68 | 39.90 | 30.19

| - | =

|

20—-40 | 0.96 | 0.89 | 0.89 | 18.55
40—-60 — |

1967 (oat' - vetch)

[ number of collections

4 | 5| 6| 4|5 |6 |4 5 | 6

1.18 | 18.80| 12.19| 15.16 | 49.26 | 48.35 | 40.64
0.63 | 17.33 | 23.50| 22.21 | 46.89 | 41.40 | 42.04
043 | 19.14| 17.96 | 20.69 | 67.69 | 63.44 | 53.26

1. h — control 0—20 | 1.07 | 1.09
E 20—40 0.78 1.00
40— 60 0.47 | 0.64

2.h + MH + 0—-20 1.26 | 1.66
+ CaCO, - 20—40 | 0.79 | 0.69
40—60 | 0.73 | 0.44

1.23 | 17.30] 16.62| 17.71 47.14} 32.23| 35.05
123 | 21.25| 24.92| 24.06 | 50.50 | 59.99 | 40.65
0.53 | 1738 31.91 | 21.69 | 42.60| 37.10 | 54.90

|
|
1
I
|
|
|
'
i

3.h + MH 0-20 | 1.31 | 1.25 | 1.32 | 18.42 16.40[ 2339 36.85 | 37.12| 35.39
20—40 | 1.00 | 0.95 | 0.84 | 18.70 | 21.99 | 19.39| 37.20| 39.78 | 46.66
4060 | 0.68 | 0.57 | 0.55 1752 21.53! 25.44 45.85; 58.81 | 48.37
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Table continued

1968 (wheat)

number of collections

7|89l 7| 8|9 7] 8|09

1. h — control 0-—-20 1.12 | 1.10 | 1.28 ' 17.36 | 19.10| 16.01 59.54| 41.81 | 34.52

2040 | 0.97 | 0.95 | 0.96 | 15.25| 21.60 | 18.22 | 49.27 | 49.37 | 47.49
40-60 | 0.62 | 0.48 | 0.54 | 14.20| 22.70 | 18.50 | 61.29 | 52.29 | 40.11

2h + MH © 0-20 | 132 144 | 131 | 18.12] 1628 2030 4168 45.22 29.96

- CaCo, 2040 | 112 | 114 | 0.96 | 17.52| 19.03| 24.36 | 40.27 | 45.00 | 49.38
| |

4060 | 052 056 | 050 | 1634 23.74| 1820 40.77 | 46.00 | 49.50

3.h  MH 0-20 | 116 | 1.27 | 143 | 20.03] 1575 2030 47.97 | 45.04] 31.05

2040 1 128 | 111 | 0.87 | 17.91! 20.09| 19.42 | 40.69 | 35.68 | 31.71

20 60 | 059 | 057 | 042 | 2390 21.75 16.46 | 58.64 | 40.87 4232

1969 (maize)

V - .

‘ number of collections
|

|

|

b . ! |
101 120101 12 0

Lh control  0-20 | 116 | 1.7 ‘ 116 | 18.22

2063 16.99| 34.14| 3584| 36 19

20 40 | 092 ] 108 | 008 | 1970| 1768 | 1847 | 3943 | 3647 | 38 20
40-60 | 050 | 060 | 057 | 1980/ 21.68| 13.33 4220  37.13 47.77 |
2.h + MH - 0-20 | 134 144 | 160 ‘ 18.68 | 22.26; 17.93| 2084 2822 30.92
| i
. CaCo, 2040 | 098 | 0.93 I 1.05 | 18.38] 18.50 | 1638 | 43.10| 4429 | 44.95
10-60 | 0.57 | 0.61 | 046 | 1859 18.36 17.60’ 4107/ 4212 51.26
3. h <+ MH 0-20 144 145 170 | 17.83 238! 19.70 30.67| 3150 26.24
20-40 | 0.95 | 094 | 1.08 16.22] 19.67‘ 18.72| 43.27| 44.84 | 37.19

| i .
4060 | 050 | 0.70 | 0.55  18.20' 17.60| 14.19| 50.00 | 35.02 | 60.30
| | ] |

Kononova 1968, Novak 1971), the problern with regard to the genesis
and character of the humus matters of brown forest soil (Némecek, Pospi-
$il 1966, Sotakova.1964) is especially complicated.

To extend our knowledge of the dynamics of brown soils humus matters
we have set befcre us the task of observation of present changes in the content
cf the total carben, humic-and-fulvic acids in the course of vegetation of the
creps grewn at farmyard manure fertilizing and liming.

MATERIAL AND METHODS

The influence of organic fertilizing upon the dynamics of the humus matters
was examined on brown loamy soils on loess (locality Horna Malanta, Zitava
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Downs) by the method of small-field vegetational experiment. With four-fold re-
peating the area of plots was chosen 3 m2 (1.5 X 2 m), with three variants:

1. control (loosened humus horizon)
2. farmyard manure (40 t/ha) — CaCOs (4 g/ha)
3. farmyard manure (40 t/ha)

In the course of four years the following crops rotated in the experiment:

barley (1966)
oats — vetch (1967)
wheat (1968)
maize (1969)

Soil samples were taken off three times a year in the periods of sowing,
blossoming, and after he collection of the grown crops (in the table and the graph
the numbers of the samples are shown in the left-to-right order) from the depth
of 0—20, 20—40 and 40—60 cm, i. e. from the whole profile of the brown forest
soil according to the thickness of the basic genetic horizons. Characteristic features
of the humus matters were acquired on the basis of determining the total carbon
contents in the particular samples—Tyurin’s method in Simakov’s modification and
of the particular fractions of humus — Tyurin’s method in Ponomareva’s modifi-
cation. In the table, however, only the values of Coy,2& CHA and £ CFA have been
used. The graphs show relative changes (value = a) in the contents of the accen-
tuated coefficients in the particular period of the samples in relation toward the
original status (C = position of the horizontal axis).

The course of humidity and temperature in the particular years varied sub-
stantially, which can also be shown on the average annual temperature and the
total quantity of precipitation:

1966 — 10.2°C and 761.7 mm
1967 — 10.3°C and 434.8 mm
1968 — 9.9°C and 431.3 mm
1969 — 9.3°C and 532.0 mm

The above shown values of humidity and temperature differ substantially from
the 50-year average (9 °C and 600 mm precipitation).

RESULTS

Regular use of organic fertilizers, particularly of farmyard manure can
secure gradual increase of the contents of humus in the total profile of the
brown forest soil when preserving favourable conditions of change (loosening,
liming, crops grown). Especially conspicuous is the rise of the total carbon
contents in the illuvial and intermediate horizon, i. e. in 20—40 and 40—60 cm
depths. The increase of the total carbon contents, however, has no influence
on an adequate increase of the contents of humus substances of the humic-and-
-fulvic acid type. On the contrary, their contents in comparison with the original
status has a falling tendency, especially in the illuvial horizon (20—40 cm
depih). From the humus matters the contents of fulvic acids varies more
markedly, not cnly according to the horizons or the profile depth, but also
according to the periods of the samples.

In the brown forest soil, under the conditions of intensive organic ferti-
lizing, a specific rhythm of the change of the humus-forming matters is formed,
which bears not only upon their different biological activity, but also upon
the different contents of clay and active calcium. Increased contents of clay
(in the illuvial herizon) supports the stability of humus matters proper at
present accumulation of young organic compounds.
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1. Relative changes (= a) in the contents of C,y and in the sum total of Ha and Fa
in relation to the original state in 1966. Note: Numbers of variants correspon to
the numbers shown in the table (1, 2, 33, numbers of samplings are shown in the
comments in the table. — Relativne zmeny (= a) v obsahu C,y a celkovej sumy Hk
a Fk vo vzfahu k poc¢iatoénému stavu v r. 1966. Pozn.: Cisla variantov zodpovedaju
¢islam uvedenym v tabulke (1, 2, 3), ¢isla odberov a im zodpovedajuce terminy su
uvedené vo vysvetlivkach v tabulke



The in the course of the year changing humidity and temperature as well
as the crop grown in the particular phases of its development and growth can
cause seasonal, even biorhytmic changes, but they cannot markedly and per-
manently influence the genesis-formed dynamics of the humus-forming process.

DISCUSSION

Humus formation and the formation of its particular components is a highly
complex process and depends not only on the composition of the humus-forming
matter, but also on the hydrothermic regime, aeration, clay contents, chemical
composition of the mineral part, soil reaction and total biological activity.
Humus-forming process is an unseparable part of the soil-forming process and
therefore also a function of the soil type. Dynamics of the humus matters in
the brcwn forest soil and their genetical horizons has its specialities which
result from different contents and composition of reserve humus in the humus
and illuvial horizons as well as from the differences in the other components
and properties. The influence of the soil type on the dynamics’ of the humus
matters is confirmed in the results of mardy Czechoslovak and foreign authors.

Applicaticn of intensive organic fertilizing at the growing of agricultural
cropping can influence the changes in the contents and quality of the humus
matters cf soils, which make themselves evident markedly in the course of the
year or vegetation. This means that the dynamics of the humus matters has
a rhythmical and seasonal character. Changes in the contents and quality of
humus correspond to the changes of humidity and temperature as well as to
the plants grown (Ansorge 1969, Apfelthaler, Novak 1969,
Novak 1971, and others). According to majority of authors the quality of
humus is of greater importance for the fertility of soil and for its increase than
the total contents of humus. It is therefore important to direct the processes
of the change of the supplied organic matters or those of the post-collection
remainders in relaticn to quality. Even when for the formation of favourable
physical and chemical properties humic acids are of the decisive importance, it
appears that it is not so easy to secure their formation even with intensive
organic fertilizing. From our experiments it follows that in the brown forest
soil under the influence of organic fertilizing besides the increase of the contents
of the total carbon the contents of fulvic acids changes more markedly while
humic acids preserve greater stability of their contents or their content change
only slightly.

To influence the favourable course of the humus-forming process in the
brown forest soils more markedly it is desirable to continue its observation and
direct it by systematic operation of the whole complex of agrotechnical measures.
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SOTAKOVA S. (Vysoka $kola polnohosp., Nitra). Suc¢asnd dynamika humusoviyjch
latok hnedozeme pri organickom hnojeni. Rostlinna vyroba (Praha) 20 (8) :801-808,
1974. ’

Sucasny stav a dynamika humusovych latok hnedozeme je odrazom nielen prirod-
zenych, ale hlavne kulturnych podotvornych procesov, ktoré ovplyvnuje vysoka
uroven agrotechniky pestovania polnohospodarskych plodin. UZ 4-ro¢né drobnopar-
celové vegetacné pokusy, s kazdoroctnym organickym hnojenim (40 t mastalného
hnoja/ha) poukazuji na vyrazné zmeny v celkovom obsahu uhlika i v obsahu jed-
notlivych humusovych zloziek, pri zachovani pre hnedozem charakteristickej dy-
namickej rovnovahy medzi tvorbou, rozkladom a pohybom organickych latok. Zme- ,
ny v obsahu a skladbe humusovych latok v priebehu roka maji rytmicky chrakter
a suvisia so sezénnymi zmenami hydrotermického rezimu a biologickej aktivity
pody. V profile hnedozeme maju humusové latky odliSna dynamiku, stvisiacu s ge-
nézou prislu§ného horizontu. V humusovom horizonte (do 20 cm), pri miernom zvy-
Seni obsahu celkového uhlika dochadza k vyraznej zmene v obsahu fulvokyselin.
V iluvialnom horizonte (20—40 c¢m) sa znac¢ne zvySuje obsah celkového uhlika, kym
zastiupenie huminovych — a fulvokyselin po miernom poklese si zachovava rov-
nomerny priebeh. V prechodnom horizonte sa podobne ako v humusovom horizonte
prejavuje vyraznejSie dynamika fulvokyselin.

hnedozem; genetické horizonty; mastaIny hnoj; privapnenie; stav humusovych latok

COTAKOBA C. (CexnnckoxossiictBeHuniit uHcTHTyT, Huirpa). CoBpeMenHas aMHaMHKa Tymyc-
HBIX BemecTs 6ypodema npu oprandueckoM ymo6nenmu. Rostlinnd vyroba (Praha) 20 (8) :
801-808, 1974.

CoBpeMeHHOe COCTOsiHHE M IHHAMHKA TyMyCOBHIX BellecTB OyposeMa — OTpa)KeHHE He TOJIBKO
IPUPONHBIX, HO — TJaBHBIM 06pasoM — KyJbTypPHBIX I04BOOOGDPAa30OBaTENBHBIX IIPOIIECCOB,
OB yCNOBJIEHHBIX BHICOKMM yPOBHEM BRIDANIMBAaHHA C/X KyJbTyp. YKe TpPOBOLMMEE B TeueHue
4 ner BEreTallMOHHBIE OIIBITEI Ha MaJjbiX HOeJAHKax C eXerouHbIM opraxm'{ecKnM ynoﬁpeHHeM
(40 T maBo3a) NOKa3LIBAIOT 3aMeTHbHE M3MeHeHHs OOIIero CONep)KaHHs yTrIepoia U OTHeJbHBIX
IYMyCOBBIX KOMIIOHEHTOB TIPM COXPaHEHMM XapaKTepHoro g 6yposeMa IWHAMHMYECKOTO DaBHO-
BeCHA Mexly OOpasOBaHUeM, PpasNOKeHHeM M IBH)KEHHEeM OpraHH4YecKux pemects. HWameneHus
comepKaHHs M COCTAaBa TyMyCOBBIX BEN[ECTB B TedeHHe TONa HOCAT PUTMUYECKHH XapaKTep U CBA-
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3aHBI C CE30HHBIMM M3MEHEHHAMM TUIPOTEPMUUECKOTO DPEXMMA U OHOJOTHYECKOH AKTHBHOCTSHIO
nousbl. B 6yposeMHOM npoduiie y IyMyCOBHIX BellleCTB NMHAMUKA CBA3aHA C TEHE3HCOM COOTBET-
creylonmero ropusoHra. B rymycmoM ropusonre (mo 20 c¢M), mpu cnaboM TOBHIMEHMH CO-
Zep)KaHWs BCETO yIJEpONa pe3KO MeHSeTCs COXep)KaHHe GQyJIbBOKUCJIOT. B HI0OBHATBEHOM TO-
pusonTe (20—40 cM) 3HauuTeNBHO yBeNHUYHBaeTcA OONjee comep)KaHWe yriepola, TOTAA Kak
comep)KaHHe TYMHHOBHIX — ¥ (QyJBBOKHCIOT TOCHe CIafOro NMOHM)KEHHWS COXpaHseT CBOH ypaBHO-
BENIeHHBIH XapaKkTep. B IepexOnHOM rOpu3OHTe, KaK ¥ B TYMyCOBOM, CHJbHee NHHaMuKa Qyib-
KHUCJIOT,

6yp03€M; TeHeTH4YeCKWe TODPW3OHTHI; HaBO3; M3BECTKOBaHHE; COCTOSHHE TYMYCHBIX BEIIECTB

Adresa autorky:

Prof. ing. Sotia Sotakova, CSe., Vysoka $kola poInohospodarska, 949 01 Nitra
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CHANGES IN SOIL FABRIC DUE TO ORGANIC AND MINERAL
FERTILIZATION

Z. FACEK

FACEK Z. (Research Institutes for Crop Production, Institute for Soil Science,
Praha-Ruzyne). Changes in Soil Fabric due to Organic and Mineral Fertilization.
Rostlinna vyroba (Praha) 20 (8) : 809-812, 1974.

The effect of extremely high rates of organic and mineral fertilization on the
changes of differential porosity and pressure dynamics in topsoil was studied
in gray brown podzolic soil without cultivated plants. Dung influenced de-
creasing and the fertilizers increasing volume of transporting pores, loosening
considered alone, also increased this effect. Fertilization (particularly the appli-
cation of manuring) stabilized the temperature of soil. The evaluation of
individual plots and their comparison shows that the frequency of tempera-
tures was not the main vector of the pressure changes in soil. Apparently,
the higher frequency and intensity of pressure result in a reduction of the
volume of transporting pores.

soil fabric; pF values; differential porosity: equivalent pore diameter: vertical
and horizontal pressures; organic and mineral fertilization

In our previous paper (Facek 1972), attention was focussed on the
etfect of fertilization on some physical characteristics; considering these cha-
racteristics, we treated only the field of ,visible pcrosity*. In this study, we
deal also with the field of micropores derived [rom pF values. Although the
determination of water retention is quite well-studied from the methodical view-
point and in relation to other physical characteristics of soil, the aspects of
fertilizaticn has been hitherto neglected without any reason. At the same time,
we were interested in the course of pressure changes in soil; the reason is
that some authors (Kullmann, Klimes-Szmik 1962), ascribe the
changes of soil bulk density to the effect of contractive and expansive forces
with a given ratio of the solid and liquid phases of soil.

MATERIAL AND METHODS

A small-plot trial was performed in gray-brown podzolic soil without crops
at the testing site Ruzyné (Facek 1972) in 1971 and 1972. The plots were organized
as follows: 2 = dung 1,600 metric centners: 4 = 960 kg — N. 215 kg — P, and
800 kg — K (the fertilization rates are converted to per-hectare values): 6 = no
fertilization, loosened to the depth of 20 cm: 7=no treatment. Dung and ferti-
lizers were applied each year in spring. Samples were collected and the determi-
nations were performed in the depth of 10—15 cm. Besides other measurements, the
pF values determined under the overpressure of 15, 3, 1, 0.66 bars and under-
pressure of 0.1 and 0.06 atm.; the equivalent diameter of pores was smaller than
0.2, 1.0, 3.0, 4.6, 30 and 50 u. Mechanical sensors were used (Facek, Ruml 1969)
for the measurement of vertical upper, vertical lower, and horizontal pressures. The
sensors were not fixed in soil; they were placed in soil loosely. The values of
pressures indicated by the height of the oil column in the tube in mm were plotted
in the diagram (no. 2) as the 4 — value differences from the preceding measure-
ment. Since the volume of the oil content in the sensors was approximately the
same, the comparison of the values obtained in the measurements was considerably

simplified.
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RESULTS AND DISCUSSION

It is indicated by diagram no. 1 that bulk density (although it remains
at a very low level — ca. 0.85—1.15 g/cm®) increased considerably from
plot 2 to plot 7. However, the quantity of released water did not show this
tendency mainly in plot 2 — dung, where at pF 4.2 (pressure 15 bars), the
proportion of remaining water was 21 % of volume; this means that water is
fixed by high forces. The largest quantity of water was released at this suction
pressure from plot 4 — mineral fertilizers, where it had been considered as
more probable that the supply of mineral fertilizers would increase the con-
centration of the soil solution, that the absorption and adsorption of water —
osmotic pressure — would be increased, and (in comparison with plots 6 and
7) a smaller quantity of water should be released. It can be derived from these
facts that in the plot to which mineral fertilizers are applied, in comparison
with other plots, the structure of pores is changed — the volume of transporting
pores is increased; this speeds up the movement of soil moisture at the same
time. On the other hand, manuring inactivates a part of transporting pores
in the inactive pores (smaller than 0.2 w). This is in keeping with our view
concerning ,visible porosity“ (pores greater than 80 u) which we have tested
in recent years: pores with structure of higher complexity prevailed in aggregate
porosity in the plot manured with dung, whereas simpler forms of pores pre-
vailed in the plot with mineral fertilization. It can be summed up that the
effect of dung on the activization of micropores is negative and that of mineral
fertilizers is positive; this increases the movement rate of soil moisture and its
availability. Soil loosening, in itself, also supports this effect.

The pressure changes — see diagram no. 2 — were not so high in com-
parison with our results obtained in preceding years when the soil was tested
under a vegetation cover (Facek, Ruml 1969). This was due to the
relatively low bulk density of soil. As it could be expected, the highest aver-
age topsoil temperature (in the layer under study) was obtained in the plot
with dung the lowest in the plot with mineral fertilizers. Comparisons show
that the greatest temperature differences prevailed. in the plot without fer-
tilization and the lowest temperature differences in the plot with dung. How-
ever, if the differences in pressure are compared, they are not the lowest in
the plot manured with dung, despite the lowest bulk density there are con-
siderable variations, particularly in horizontal pressure. This corresponds to
our views; horizontal pressure seems to bear a closer relation with soil moisture
which is fixed by considerable pressures. The plot with mineral fertilization
showed the highest stability, with greater variation in the upper vertical pressure
(this is, apparently, in some connection with the easier movement of water)
and with smaller differences in soil temperatures with which the lower vertical
pressure is directly related. As to the plots without fertilization, the plot without
any treatment showed greater dynamics in vertical pressures. This is in some
relation with the greatest bulk density in this plot.

Due to the fact that the study was performed within a single rotation of
fertilization, it would be rather premature to evaluate the values of measure-
ments in detail; in addition, it must be borne in mind that no literature data
are available. It is suggested on the basis of comparison with the results obtained
under stands of crops (Facek, Ruml 1969) that two periods of increased
soil movement should be determined: the end of August and the end of February.
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1. Distribution of pores of equivalent diameter as volume percentage, and bulk
density in g/cm3. Plots: 2 organic manuring, 4 mineral fertilization, 6 loosen-
ing, 7 no treatment. — Distribuce péru ekvivaletniho prumeéru v obj. 9%, a obje-
mova hmotnost redukovani v g/ems3. parcely: 2 = hnojeno organicky, 4 = hnojeno
mineralné, 6 = kypreno, 7 = bez zasahu
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This increased activity of soil is probably connected with the gradual warming
and cooling of soil and with the biological changes in soil. These periods seem
to be highly suitable for detailed studies.
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FACEK Z. (Ustav ptdoznalecky, VORV, Praha-Ruzyng). Zmény stavby pudy vlivem
organického a minerdlniho hnojeni. Rostlinnd vyroba (Praha) 20 (8) : 809-812, 1974.
Na hnédozemi bez kultur byl sledovan vliv extrémné vysokych davek organického
a mineralniho hnojiva na zmény diferencidlni pérovitosti a dynamiku tlak v ornici.
Hntj plsobil na snizeni a mineralni hnojeni na zvy$eni objemu transportnich poru.
rovnéz samotné kypieni tento efekt zvySovalo. Hnojeni, zvla$té organické, stabili-
zovalo teplotu pudy. Hodnotime-li jednotlivé parcely mezi sebou, nebyla frekvence
teplot hlavnim vektorem tlakovych zmén pudy. Zda se, Ze vétsi frekvence a inten-
zita tlaki ma za nésledek sniZeni objemu transportnich péru.

stavba pudy; pF hodnoty; diferencidlni pérovitost; ekvivalentni primér porua;
tlaky vertikalni a horizontalni; hnojeni organické a mineralni

OAIEK 3. (Mucturyr mnousosenenus, HMHUP, Ilpara-Pyssine). VismeHeHus cTpoeHHs IOYBHI
CON BIMAHHEM OpPraHMYecKOro M MuHepanbHoro ymobpesmsa. Rostlinnd vyroba (Praha) 20
(8) : 809-812, 1974.

Ha 6ypoit necHO¥ ONON30JEHHOW MOuYBe, CBOBONHON OT KyJBTYp, H3ydanu BAMAHME UYPE3MEPHO
BBICOKMX 108 OPraHMYeCKOrO H MHHEDAaJbHOIO yHOGpeHHI Ha Ha3MeHeHHe KudPepeHIIMaNBHON TIO-
PHCTOCTH ¥ OHUHAMHKY NaBJEHHs B NaxXOTHOM cnoe. HaBoa moHM»Kan, a MuHepajnbHOe ymobpeHHe
[OBHINANO O6BEM TPAHCHOPTHBIX TOP, Kak M BaphixjeHue. YnobpeHus (0cobeHHO opraHHdeckoe)
crabunusyloT TeMinepaTypy nousbl. OIleHKa OTHENbHBIX NEJISHOK IIOKA3hIBAaeT, YTO YacToTa TeMIle-
paTyp — He TJaBHBIH BEKTOp H3MeHeHMH IaBJeHHs NOuBbl. KaK BHIHO, yBelH4YeHHas dacTora
¥ HMHTEHCHBHOCTb IaBJIEHHH MMeeT CJeNCTBHEM IOHMXeHHe 00beMa TPaHCIOPTHHIX IOp.

crpoeHne mouse; PF sHauenus; nuddepeHuuanbHas MOPUCTOCTh; SKBUBAJEHTHHIH NHaMeTp TIOP;
BepTHKaJbHbIE M TODH30HTAJbHbIE NaBJEeHUA; OPraHHYeCKMe M MHHepajbHbIE yIOOpeHus

Adresa autora:
Dr. ing. Zdenék Facek, CSc., Pldoznalecky ustav, VURV, 161 06 Praha-Ruzyné

812 ROSTLINNA VYROBA — 1974



020 30 9 21 1024 8 278 21 224 13 2810 25 2 28 15 31 245 16
Vi vil i X X Xi xt o1 I " v v
1971 1972

2. The course of pressure changes in topsoil: a = average daily air temperature, b = difference of soil temperatures in the depth of 10—15 em, ¢ =
difference of - pressures in the depth of 10—15 em. - = horizontal pressure, ----- = lower vertical pressure, ...... = upper vertical pres-
sure, the filled area of the curves (7) = difference of the control sensor. — 2 = organic manuring, 4 = mineral fertilization, 6 = loosening, 7 = no
treatment. — Prubéh tlakovych zmén v ornici: a = prumérnd denni teplota vzduchu, b = diference teplot pudy v hloubce 10—15 c¢m, ¢ = diference
+ — tlaki v hloubce 10—15 cm; = tlak horizontéln{, ----- = tlak vertikalni spodni, ...... = tlak vertikdlni svrchni, vyplnéna plocha k¥ivek
(7) = diference kontrolniho ¢idla. 2 = hnojeno organicky, 4 = hnojeno mineralné, 6 = kypfeno, 7 = bez z&sahu
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EFFECT OF KAOLINITE ON TﬁE MINERALIZATION OF PEPTONE

Jitka NOVAKOVA

NOVAKOVA J. (University of Agriculture, Praha). Effect of Kaolinite on the
Mineralization of Peptone. Rostlinna vyroba (Praha) 20 (8) : 813-816, 1974.

Kaolinite-amended peptone-inorganic nutrient solution was inoculated by soil
infusion and incubated at 28 °C for 14 days. The CO2 evolution was determined.
As compared to the control, the smaller amounts (0.1 %}, and 1.0 %)) of kaolinite,
Ca-kaolinite, and Na-kaolinite extended the mineralization rate of substrate
since the third day of incubation. This effect continued untill the end of the
experiment, excepting some cases. The stabilization effect took place in the
3 per cent variants, especially in the final phase of incubation.

peptone mineralization; kaolinite; soil microorganisms

The effect of clays on the mineralization of various substrates was re-
ported by many authors. The relationships between bentonite and kaolinite and
the development of microorganisms and the mineralization of glucose was studied
also in our laboratory (Novakova 1968, 1972a, b, ¢, 1973a). The effect
of bentonite on the mineralization of peptone was also studied (Novadkova
1969, 1973b). The effect of kaolinite is reported in the present paper.

MATERIALS AND METHODS

Inorganic nurient solution (0.2 g K2HPOs; 0.2 g MgSO4.7 H20; 0.2 g CaCls:
0.2 g NaCljy 0.002 g FeCls; 1.0 g NH4NOs3; H20 dest. up to 1000 ml; pH = 7.0) was
put into the 250 ml glass vessels in the 45 ml portions. 25 ml of solution containing
0.2 g peptone or 25 ml suspension containing the complex of peptone (0.2 g) with
kaolinite, Ca-kaolinite, or Na-kaolinite (0.1 g, 1.0 g, and 3.0 g) were added. The
volume was made to 100 ml by the addition of 30 ml of soil infusion used as an
inoculant of soil microflora.

) Commercial preparate of kaolinite (Carter products, Inc. New York, N. Y.) was
used. Monoionic forms of kaolinite were prepared by saturation of the H-kaolinite
with Ca- or Na- chlorides. The excess of salts was removed by ethanol.

The peptone complexes with kaolinite, Ca-kaolinite, or Na-kaolinite were pre-
pared by agitation of these clays in the desired quantity with the respective amount
of peptone solution. The agitation proceeded at 20 °C for 8 hours.

The prepared media (simultaneously inoculated with soil microflora) were
incubated at 28°C. The suspensions were continously aerated by a weak stream
of CO2—free air through a central pipe inserted in each vessel. The outlet air was
led in the Ba(OH)2 solution, where the CO2 evolved was trapped. The surplus of
hydroxyl groups was determined titrimetrically every day.

Following symbols are used in this paper in order to shorten the expressions:

K — 0.1 = 0.1 9, kaolinite concentration variant

K — 1.0 = 1.0 %, kaolinite concentration variant, etc.

Na — K — 0.1 = 0.1 %, Na-kaolinite concentration variant, etc.
Ca — K — 0.1 = 0.19, Ca-kaolinite concentration variant, etc.
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mg CO,

RESULTS AND DISCUSSION

None of the kaolinite-treated variants reaches the control mineralization
intensity in the first day of incubation (Fig. 1, 2, 3). The K-0.1 variant over-
reached the control in the mineralization rate on the second day. All the kao-
linite, Na-kaolinite (Na-K), and Ca-kaolinite (Ca-K) variants overreached the
control on the third day. This increased respiration rate of K-, Ca-K, and
Na-K-variants remained for the whole experiments, excepting some few cases.
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2. Substrate mineralization rate after the

addition of Na-kaolinite. Amendments:

see Fig. 1. — Rychlost mineralizace pep-

tonu v prostiedi s 0,19, 1% a 3%, Na

— kaolinitu

Generally, the higher the dose of clay, the later came the relative maximum
of respiration among the likely saturated kaolinites (Fig. 1, 2, 3). The least

complicated respiration curves were

recorded

in the K-0.1, Ca-K-1.0, and

Na-K-1.0 variants corresponding with the similar curves of bacteria development.

The greatest extent of substrate mineralization was found in the Ca-K-0.1
variant, the Na-K-1.0 and K-0.1 variants followed (Fig. 4).

The least effect on the total mineralization extent exerted the 3.0 per cent
doses of all the forms of kaolinite. That is true for the sum of CO, evolved.
The course of carbon mineralization (Fig. 1, 2, 3) indicated the prolonged
effect of 3.0 per cent doses of kaolinite and the marked effect of those doses
on substrate (or transformed substrate) stabilization in the second half time
of the experiment. The stabilization effect made himself very marked in these
variants. Surprisingly, the Na-K-3.0 variant that saved the highest amount of
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substrate among the 3.0 per cent variants (Fig. 4), had the least stabilized
substrate at the end of incubation (Fig. 2).
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— kaolinitu centracemi kaolinitu. Kontrola = 1009,

That repeatedly suggests more than unique effect of clays on the organic
matter transformations (Novakova 1969). The previous findings dealt
with the bentonite consisting mostly from montmorillonite. The present results

_ allow tc conclude that the kaolinite effect may be similar. The great alterations

in microorganisms counts and the increased amount of CO, evolved in distinct
phases of incubation that are caused by kaolinite addition, indicate the stimu-
latory effect of kaolinite on the activities of microorganisms. The depression
of substrate mineralization after the big doses of kaolinite had been added,
allow the suggestion of the stabilization effect of kaolinite on substrate (or
secondary substrates). This stabilization effect was more pronounced when ben-
tonite was used (Novakova 1973).

The effect of kaclinite was held for being insignificant by many authors
(Lynch and Cotnoir 1956, Lynch etal 1956, Pinck and Alli-
son 1961). On the other hand, Visser (1964) and Visser et al. (1965)
demcnstrated the kaclinite effect to be very pronounced. The surface effect in
contrary to the interlamellar effect of secondary clays (such as montmorillonite)
has been suggested by these authors. Our findings support these statements.
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14. 11. 1973

NOVAKOVA J. (Vysoka $kola zemédélska, Praha-Suchdol). Viiv kaolinitu na mine-
ralizaci peptonu v tekutém prostiedi. Rostlinnd vyroba (Praha) 20 (8) : 813-816, 1974.

Mineralni roztok s peptonem a s piidavkem Kkaolinitu byl nao¢kovan pudnimi
mikroorganismy a inkubovan 14 dnu pii teploté 28 °C. Denné bylo stanoveno mnoz-
stvi uvolné&ného CO: Pridavek 0,19, a 19, kaolinitu, Ca-kaolinitu a Na-kaolinitu
zvétsil od trfetiho dne inkubace mineralizaci peptonu. Tento vliv trval, kromé néko-
lika vyjimek, aZz do konce pokusu. Pridavek 3%, kaolinitu zpusobil stabilizaci sub-
stratu, zejména v druhé poloviné pokusu.

mineralizace peptonu; kaolinit; pidni mikroorganismy

HOBAKOBA ¢. (CensckoxossiicTenHsiit uHCTUTyT, Ilpara-Cyxmos). Bamsanue xaonmHura Ha
MHMHepanH3anMio TMenToHa B XHIKOHK cpexe. Rostlinnd vyroba (Praha) 20 (8) : 813-816, 1974.

MuHepanpHEIH PAacTBOP, CONEP)KAUIMII IIENTOH M H0GAaBKY KaOJMHUTA, OaKTEpU30BANH IIOYBEH-
HBIMH MHKDOOPTaHM3MAMM M MHKy6upoBanu B TedeHue 14 nmeit npu Temmeparype 28 0C. Exe-
IHEeBHO omnpenensau KonumdecTso ocoboxkmenHoit CO2. Haummas 3-M nmem wuuky6aumu, no6aeka
019, u 19, xaonuuura, Ca-kaosunura ¥ Na-KaOJMHHTA IOBHINAET MHHEPAJH3AIIMIO IENTOHA.
310 BAMAHME 33 HECKOJLKMMH MCKIIOUEHHAMH, NPONOJUKaeTci BIJIOTE IO KOHHIA omeita. Ho-
6aBka 3 0y xaonuuuTta crabuausupyer cyberpar, riaBHBIM 06pasoM, BO BTOPOM TOJIOBHHE OIBITA.

MHHEpajanu3anug TenToHa; KaOJHWHHUT; NOYBEHHEIE MHUKDPOOPTaHHU3MBI

Adresa autorky:
/
RNDr. Jitka Novakovad, CSc., Vysokd $kola zemédélska, 16503 Praha-Suchdol
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THE FUNCTION AND ACTIVITY OF ENZYMES DURING HUMUS
FORMATION

J. KUBAT

KUBAT J. (Research Institutes for Crop Production, Institute of Plant Nutri-
tion, Praha-Ruzyné). The Function and Activity of Enzymes during Humus
Formation. Rostlinna vyroba (Praha) 20 (8) : 817-822, 1974.

The activity of soil microflora, the activity of some enzyme groups, and the
quantity and quality of humic acids were measured during the decomposition
of glucose in soil. The rate of the increase of amylase activity in soil can be
considered as the indication of the presence of glycides in soil. The maximum
activity of flavine diaphorase and cytochrome oxidase was found on the third
day of incubation, and the maximum activity of periodase with o-dianisidine
as substrate was observed between the 10th and 14th day of incubation. As to
polyphenol oxidase, its maximum activity was observed after fourteen days of
incubation. The curve of polyphenol oxidase activity was of two-peak type.
The first, lower, peak occurred the third day of incubation; this peak is ex-
plained by a preceding partial decomposition of the peripheral part of humic
acid molecules the products of which induced the synthesis of these enzymes.
The degradation of the periphery of humic acids due to the priming effect was
demonstrated by a reduction of the content of humic acids in the alkaline
extract of soil and by an increase of the Q46 quotient of humic acids.

organic matter conversion; enzymes; activity of microflora

The process of the formation of humus substances in soil is sometimes com-
pared, as to its importance, with photosynthesis; it is natural, for this reason,
that considerable attention has been paid to its study, both in Czechoslovakia
and abroad. It is assumed that there are two main sources of soil humus
substances: partially converted residues of plants, microflora and microfauna, hard
to decompose, and the secondary metabolites of soil microflora. It is at least in
some phases that the processes of humic substance production (partial degra-
dation and conversion of plant residues, or biosynthesis of secondary meta-
bolites) are catalyzed by enzymes. The exoenzymes of soil microflora, sorbed
enzymes, as well as (to an appreciable degree) enzymes of the digestive tract
of soil fauna participate in the conversion of organic residues. The processes
of secondary metabolism are catalyzed by the endoenzymes and exoenzymes
of soil microflora, and only some reactions (for instance oxidative polyme-
rization of polyphenols) can take place spontaneously. In our laboratory, we
demonstrated that in a model organism (Saccharomyces cerevisiae), the synthesis
of humic acids is controlled by enzymes even after mechanical disintegration
of the cells which damages the self-regulating mechanisms, releases intracellular
enzymes, yet at least partially saves some important cellular structures (N o -
vak, Kubdt 1973, Kubdét, Novak 1973).

In this study, we tried to ccmpare the activity of soil microflora (indi-
cated by CO. production) and some enzymes (or enzyme groups) with the
changes in soil organic matter.
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MATERIAL AND METHODS

Aggregates (size 1—3 mm) of air-dried soil, the properties of which have been
described previously several times, were used for the trials (Novak 1971, Novak.
Kubat 1972). These aggregates were moistened to a 209, moisture content level.
with an addition of 19, glucose. Then the aggregates were incubated in respiration
containers (Novak et al. 1970) in the quantities of 200 g at the temperature of
30 °C. COz production was measured every day (later in longer intervals), and one
parallel was always used for analysis in chosen intervals; respirometric test
according to Novak (1965) was performed, the activity of some enzyme groups
was determined, and humic acids extracted during this analysis.

Dehydrogenase activity (TTC reduction) was determined by Thalmann’s
method (1968). The activity of amylases, peroxidases, and polyphenol oxidases
was measured in a soil extract by means of a 0.1 M phosphate buffer, with pH 6.0
(amylase), or pH 5.0 (peroxidase), or pH 4.6 (polyphenol oxidase). Ten ml of cooled
buffer was added to 10 g of soil, the suspension was stirred by an electric agitator
for 1 minute, then it was separated on centrifuge at 10,000 r. p. m.
for 10 min. (i. e. about 5,585 g), and the clear supernatant was used as an ,enzyme
preparation®. Amylase activity was measured by the modified method of Ogawa
and Uritani (1970). One ml of ,enzyme preparation® was added to the test tube
containing 1 ml of starch solution and 1 ml of phosphorus buffer (temperature of
30 °C). The mixture was incubated in a water bath at 30°C for 10 minutes. The
control contained another 1 ml of buffer instead of soil extract. Then reaction was
stopped by the addition of 1 ml of iodine solution, and the quantity of remaining
starch was measured colorimetrically at 620 mu. The activity of peroxidase was de-
termined by the modification of the method described by Bartha, Bordeleau
(1969) with the use of o-dianisidine as substrate, and by the commoner method
with the use of pyrogallol as substrate (Galstjan 1958, Bergmeyer 1965).
One ml of buffer, one ml of extract, and 0.2 ml of 0.06 °}, H202 were added to two
test tubes for each sample. After tempering (30°C), the substrate (0.1 ml of 19
o-dianisidine in methanol, or 0.1 ml of 19, pyrogallol in water) was added to
one test tube of each sample, and precisely after 10 minutes the substrate was added
also to the other set of test tubes. The extinction of both parallels of each sample
was then immediately measured against water at 460 my, and the difference
between the incubated and non-incubated mixture was considered as 4 E/10 min.

A. similar modification of the method described by Grabe, Koenig, Hai-
der (1968) was used for the determination of the activity of polyphenol oxidases
One-per-cent pyrocatechol was used as the substrate.

Humic acids were extracted by the traditional method described by Tiurin
(1940). Carbon content was determined oxidimetrically according to Alten, Wand-
rowski, Knipperberg (1935), and the colour quotient Q46 was determined
according to Novak (1971) in the extracted humic acids.

RESULTS AND DISCUSSION

Fig. 1 shows the rate of glucose mineralization (glucose plus the native
soil organic matter), and the increase of the stability of soil organic matter
indicated by the respiration quotient NG: B. About 1,496 mg of CO, was
released in the course of 14-day incubation; in comparation to the carbon of added
glucose, this represents 81.60 %. Hence this value is in keeping with the
results of many other studies dealing with the transformations of glycides in
soil (Drobnik 1958, Jenkinson 1965 Freytag 1967, Wagner,
Mutatkar 1968, Novak 1971, and others).

Amylase activity was used as the indication of the presence of glycides in
soil. It is well-known that during glucose mineralization in soil, there are
not only decomposing reactions; the condensation of glucose with & (1, 4)-gly-
cosidic linkage takes place at the same time (Hoffmann 1963). Hence
it is possible to treat the growth of amylase activity as a measure of the
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growth of gluccse mineralization intensity. Actually (Fig. 2), the maximum
rate of the grcwth ol amylases was measured already on the first day of
incubation, tcgether with the maximum rate of the growth of CO, production
and dehydrogenase activity. Amylase activity reached its peak about the 7th
day cf incubaticn when it was possible to expect the maximum secondary
mineralization of gluccse. The relatively slow decrease of amylase activity can
be ascribed to the resistance of synthesized enzymes in soil (for instance, due
to sorption to humus substances or argillous minerals).

Heowever, it was most interesting from viewpoint of the production and
deccmpositicn of humic acids to observe the activities of different cxidases.
Cerna, Musilek (1967) studied the activity of four groups of oxidases
im the ccurse of the growth of the fungus Oudemansiella mucida. They found
that the maximum activity of individual enzyme groups did not coincide in
one pericd of time; more probably, there was some succession. The maximum
quantity of cytochromes was found at the logarithmic stage of the growth
of the fungus. Primary metabolism was almost an exclusive process taking
place at this stage, and the requirement for energy input reached a maximum.
At the stationary stage, primary metabolism was suppressed, cytochromes
disappeared, some processes of secondary metabolism remained active, and poly-
phenol oxidase activity increased. There were minimum requirements of the
culture for energy; this is connected with a less important function of polyphenol
oxidases in electron transfer.

The TTC reduction rate, and peroxidase and polyphenol oxidase activities
were measured in our tests. Originally, TTC was used for the determination
of the activity of flavine diaphorase; however, TTC can be reduced also by
cytochrome oxidase and other enzymes (Glathe, Thalmann 1970).
Hence TTC is employed for the determination of total ,dehydrogenase acti-
vity* of soil. i

The activity of dehydrogenases (Fig. 3) reaches. its maximum about the
third day of incubation, and then it shows a uniform decrease (similar results
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have been obtained earlier: Novak, Kubat 1972). The maximum de-
hydrogenase activity is related with the maximum activity of soil microflora
and with the maximum rate of glucose mineralization (indicated by CO, pro-
duction). Peroxidase activity measured by the oxidation of o-dianisidine was
detected only on the third day of incubation, and increased with the decrease
of the TTC reduction rate. This dependence is in keeping with the results
of the quoted study by Cerna, Musilek (1967) and was expected. How-
ever, the activity of peroxidases measured by the oxidation of pyrogallol, and
the activity of o-diphenol oxidase measured by pyrocatechol oxidation varied
in the course of incubation, and did not conform to our expection. Pyro-
gallol oxidation reached its maximum level the third day to incubation (like
TTC reduction), and then it showed a slight decrease (more slowly than the

reduction of TTC).
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The laccase activity curve was of two-peak type, and the first, lower,
maximum was also observed the third day of incubation. The second maximum
was observed the fourteenth day of incubation. We are of the opinion that
there are two explanations to this fact: a) pyrogallol and pyrocatechol are
readily oxidable substances so that the reaction could take place also under
another effects besides enzymatic catalysis; b) due to the priming effect, there
was a whole range of substrates (soil organic matter) available to soil micro-
flora from the very beginning of glucose mineralization (these substrates induced
polyphenol oxidase synthesis). The course of the two curves seems to correspond
to the latter assumption; however, it is proved also by another fact (Fig. 4).
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At the first stage of glucose mineralization, the content of humic acids dropped
even by 15 %, while the mean weight of the molecules of humic acids in-
dicated by the Q,., quotient showed a decrease. Hence the periphery of the
molecules of humic acids was degraded rapidly. Consequently, the products
of the partial degradation of humic acids induced the synthesis of polyphenol
oxidases (the first peak). The second peak of the activity of polyphenol oxidases
coincides with the stage of the exhaustion of the sources of available substrates,
utilizaticn of energetically less advantageous sources, and eventual detoxication.
It can be said in conclusion that the changes in the activity of some oxi-
dases during the decomposition of glucose in soil are more complex than in
the course of the growth of the fungus Oudemansiella mucida in pure culture;
however, they may indicate important biochemical processes which are closely
related with the changes in the quality and quantity of soil organic matter.
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KUBAT J. (Ustav vyzivy rostlin, VUORV, Praha-Ruzyné). Funkce a aktivita enzymi
pFi tvorbé humusu. Rostlinna vyroba (Praha) 20 (8) : 817-822, 1974.

Béhem rozkladu glukézy v pudé byla mérena aktivita pudni mikrofléry, aktivita
nékterych skupin oxiddz a mnozZstvi a kvalita huminovych kyselin. Rychlost vzristu
aktivity amylaz je mozno povaZovat za indikaci pritomnosti glycidti v pudé. Maxi-
malni aktivita flavin diaphorazy a cytochrom oxidazy byla zjisténa 3. dnem inku-
bace, peroxidazy s o-dianisidinem jako substratem mezi 10. a 14, dnem inkubace
a polyfenol-oxidazy po ¢trnacti dnech inkubace. Krivka aktivity polyfenoloxidaz
byla dvouvrcholova s prvym nizsim vrcholem 3. den inkubace, ktery vysvétlujeme
piredchozim ¢asteénym rozkladem periferni ¢asti molekul huminovych kyselin, jehoz
produkty iridukovaly syntézu téchto enzymu. Odbourani periferie huminovych ky-
selin v dusledku ,priming effect(u)“ bylo prokazano snizenim obsahu huminovych
kyselin v alkalickém vyluhu pudy a zvySenim kvocientu Q46 huminovych kyselin.

pieména organické hmoty; enzymy; aktivita mikroflory

KYBAT WM. (Mucruryr nurtanus pacremuii, HUUP, Ilpara-Pyavime). ®yHKuums u aKkTHBHOCTH
depmerToB TmpH rymycoobpasoBanmm. Rostlinnd vyroba (Praha) 20 (8) : 817-822, 1974.

B mpouecce pasioKeHHsA TJIIOKO3bI B IOYBe M3MEPAJIH aKTHBHOCTH IIOYBEHHOH MHUKPOPJIOpEL,
AKTABHOCTL HEKOTOP5X TPYINI OKCHAAa3, KOJMYECTBO M KayecTBO TyMHHOBBHIX Kuciaor. Cxopocts
pocTa aKTHBHOCTH aMuJjia3 MOXHO CHMTATh NPUSHAKOM HAJUYHA TJIHLUXAIOB B ITouBe. Makcumans-
Had akTuBHOCTh QuaBHHAMadOpasbl M IIMTOXPOMOKCHIA3bl yCTAHOBJeHAa Ha 3-H IeHp HHKybauwuw,
fepOKCHIAssl C O-IMAaHMSHAMHOM Kak cyberparoMm — wmexay 10-m u 14-M mHAMu wuHKy6auum,
2 NOAMBEHOJOKcMIassl — cnyers 14 nueit. Kpusas akTuBHOCTH nONHQEHONOKCHIA3 IBYXBEp-
WAHHAA C 1epBoil W 6osiee HH3KOW BEpXYIIKOM Ha 3-H mHeHp MHKyOanuH, 4TO OOBACHAETCH
MpeIIecTBY O MM YaCTUYHBIM pasjoKeHHeM nepuepHiHOM 9acTH MOJEKyJ TyMHUHOBBIX KHCIOT,
NPIOYKTH! KOTOPOro MHIYLMPYIOT CHHTe3 3Tux ¢epMenrtos. O paspymenun nepudepun TyMuHO-
BL'X KucaoT Benencrsue «priming efect’a» cBumerenscTByeT TOHMKEHHe CONEPKAHHUA STHX
KMCJIOT B LIEIOYHOM 3KCTPAKTe TMOYBEI M TIOBBIIIEHHWE KBOITHEHTA Q46 ryMKHOBbIX KHCJIOT.

pespallleHde OPraHMYeCKOro BellecTBa; (EepMeHTHh; aKTUBHOCTH MUKDPOQJIODHI
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THE EFFECT OF TEMPERATURE ON THE MINERALIZATION
OF THE ORGANIC MATTER IN SOIL

Sona BONISCHOVA-FRANKLOVA

BONISCHOVA-FRANKLOVA S. (Research Institutes for Crop Production, In-
stitute of Plant Nutrition, Praha-Ruzyné). The Effect of Temperature on the
Mineralization of the Organic Matter in Soil. Rostlinna vyroba (Praha) 20 (8) :
1 823-829, 1974.

An experiment was performed to study the effect of a short-time exposure to
the temperatures of 8, 35 and 55°C on the mineralization of organic matter in
soil. Soil with a higher C content (4.24 9%, and soil with a lower C content
(1.48 9 were used for the experiment. It was found that the mineralization of
soil organic matter ‘increased with increasing temperature. The percentage of
C mineralization does not increase proportionately to increasing temperatures.
The C :N(org) ratio drops with higher temperatures. The highest stability
of organic matter obtained at the temperature of 8°C. The quantity of bac-
teria and actinomycetes dropped with increasing temperature. The quantity of
micromycetes in the low-carbon soil dropped with higher temperatures. In the
high-carbon soil, the highest quantity of micromycetes was obtained at the
temperature of 35°C.

temperature; mineralization: organic matter: microorganisms

Temperature is an important factor underlying the mineralization and syn-
thesis of crganic matter in soil and in organic manures. It influences the de-
velcpment ¢f microorganisms and the quantity of biomass. It exerts its influence
on the rate of biochemical transformation, particularly enzymatic reactions.
To some degree, temperature is an indicator of some biochemical processes and
of the rate of the decomposition processes of decomposition.

The effect of temperature on the decomposition of organic matter in soil
and in organic manures has been dealt with by a number of authors, namely
Enwezcr (1967), Farkasdi (1970), Floate (1970), Kaarli
(1966), Kai, Ahmad, Harada (1969) and others. Many authcrs have
treated the effect of temperature on the production of CO, (Drobnik 1962,
Novak, Novakova 1962, Sporel 1970, Tamm, Krzych 1963
and others).

This paper follows up with the study ,The Effect of Different Tempera-
tures on the Transformation of Organic Matter by Soil Microflora® (Boni-
schovd-Franklovd Novak 1970). It deals with the effect of tempe-
rature on the mineralization of the organic matter of soil samples. In the
previous paper we used compost as the substrate; in this study we have chosen
allochthenous soil organic matter.

MATERIAL AND METHODS

Soil with a low content of C (1.48Y%, — I) and soil with a high content of C
(4249, — II) were used in our experiments. 500 g of soil sieved through a 2 mm-
-mesh screen, with a moisture content of 209, was weighted in glass incubation
vessels and incubated at the temperatures of 8, 35 and 55°C for 40 days. At the
same time, we weighted 100 g of each soil in macrorespiration flasks (Novak,
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Bonischova-Franklova Pokorna-Kozova 1970) for the current exa-
mination of COz production. The samples were kept at the original moisture level
throughout the experiment.

The marking of the variants corresponds to the temperatures used in the
experiment (8, 35 and 55°C) with index I for soil with a lower C content, and
with index II for soil containing more C.

The methods used:

Chemical characteristics: "
Dry matter — drying at 105°C to constant weight

C — oxidimetric method according to Alten et al. (1935)

N — according to Kjeldahl .
N—NH4 — modified Conway’s method (Pokorna-Kozova et al. 1964)
N—-NOs3 — colorimetric method, using disulphonic acid (L6bl, Novak 1964)

Biochemical activity and the microflora:

respiromeric test — variants B, NG (Novak, Apfelthaler 1964)
numbers of bacteria, actinomycetes and micromycetes — (Kozova-Nova-
kova 1956)

RESULTS AND DISCUSSION
Both soils were analyzed on the beginning of the experiment (Tab. I).

1. Chemical and biochemical characteristics of the soils used for the experiment.
— Chemicka a biochemicka charakteristika zemin pouzZitych k pokusu

Respiration
Soil C N N-NHj N-NOz actual potential
B NG
I 1.483 0.173 15.07 0.64 0.70 10.62
11 14.240 0.444 31.19 5.08 1.14 29.52

II. Total COz2 production for ‘40 days at different temperatures (8, 35 and 55 °0C).
— Celkova produkce CO2 za 40 dni pii ruznych teplotach (8, 35 a 55°C)

: mg CO,/100 g ; mg CO,/100 g

Vi of dry matter Varians of dry matter
8¢ 65.49 l 8 130.25
35; 434.33 . 351 1,113.43
551 \ 988.06 551 3,025.99

C mineralization was studied on the basis of the measurement of the daily
CO, production (interferometric measurement). The course of CO, production
in soil with a high C content is represented in Fig. 1 and 2, respectively. The
curves are of the peak type and show the same trend.

The total CO, production is indicated in Tab. II.

The total quantity of mineralized C is represented in Fig. 3.
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2. Course of CO:z production in soil samples with the lowest content of C — Pru-
béh produkce COz v piidnim vzorku s vysSSim obsahem C

The resuits demonstrate that CO, production, and thereby also C mine-
ralization in organic soil matter, increase with higher temperatures; this is
corroborated also by the percentage of mineralized C.
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In soil I, 1.18 % of C was mineralized at the temperature of 8 °C, 7.98 %
of C at the temperature of 35°C, and 18.16 % of 'C at the temperature of
559C. In soil 1I, 0.84 % of C was mineralized at 8 °C, 7.16 % of C at 35 °C,
and 19.46 % of C at 55°C. Although there is a difference between the two
soils as to the absolute value of mineralized C, the difference in the relative value
is negligible.

N mineralization takes place in soil together with the mineralization of C.
The C: Nyorg) ratio is presented in Tab. III.

: 1

11I. The C : N(org) ratio. — Pomér C : Norg)

% C 3 N(org) \ . C . N(org)
Variants Zatio Variants s5tio
Soil I 9.42 soil 11 10.40 :
81 9.27 811 10.70 i
35; 8.37 3511 9.76
|
551 7 o K7 5511 8.41

The C:Nyoyg) ratio drops with increasing temperature. The lowest
C : N(org) ratio is obtained at the temperature of 55 °C in both variants.

Importance is attached also to the determination of the stability of organic
substances in the variants under study. It is expressed by the NG : B quotient
of the respirometric test (Novak, Apfelthaler 1964). The values are
shown in Fig. 4. The highest NG : B values were obtained at the temperature
of 8°C in both soils; it shows that the highest stability of organic matter is
in this variant. This quotient showed a considerable drop in beth variants as
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a results of exposure to the temperatures of 35"C and 55°C. The temperature
of 8"C exerted only a slight influence on the soils, in comparison with the
control.

Although 40 days incubation of the experiment was short, temperatures
caused considerable differences. As revealed in the experiments, the higher the
temperature of soil incubation, the higher the rate of the mineralization of scil
crganic matter. This was demonstrated in studies with model composts (B 6 -
nischova-Franklova Novak 1970).

Although there were different contents of crganic matter in the two soils,
the percentage c¢f mineralization is almost the same. Its level was the lowest
at 8°C (1 %). At the temperature of 35°C the mineralization rate is 7.5
times as high as at 8"C. At the temperature of 55°C it is 19 times as high
as at 8"C, but cnly 2.5 times as high as at 35°C. Hence the mineralization
percentage is not directly propcrtionate to increasing temperature; on the contra-
ry, the relative quantity of mineralized C decreases with higher temperatures.

The C: N4y ratio which drops with increasing temperature indicates that
the mineralization of carbon is quicker than that of nitrogen in crganic bonds;
this is corroborated alsc by other results (Novak 1973).

The stability of organic matter reached the highest level at the temperature
of 8"C, as distinct from our preceding experiments. At the temperature of 35 °C
and 55"'C, the stability of organic matter was very low. This can be ascribed
to the fact that thermophilic microflora, showing a slower response to the
decreased test temperature of 28"C, prevails at these temperatures. The in-
cubation time ol the test is only 20 hours which is, apparently, too short for
the adaptation of microflora.

The changes in soil microflora were studied cn the basis of the determi-
nation cf the number of bacteria, actinomycetes and micromycetes. The results
are presented in Table IV. The table indicates that even despite a considerable
increase in the number of bacteria and actinomycetes at the lowest temperature
of 87C, their number in both soils decreases when higher temperatures are
applied. As to micromycetes, their number in soil I also decreases with higher

IV. Changes in the quantity of microorganisms at different incubation temperatures.
— Zmeny v mnozstvi mikroorganismu pri rtznych inkubadénich teplotich

Microorganisms in 1 ¢ of dry matter
Vesiants bacteria actinomycetes micromycetes
x 108 < 108 x 10°
Soil I 7.18 0.55 7.88
(initial sample)

81 27.24 2.18 47.18
35, 3.19 0.53 30.80
551 1.58 0 1.12

Soil 11 19.27 0.20 10.65
(initial sample)

81 28.95 1.11 42.32
35n 12.12 1.10 52.64
5511 0.21 0 5.20 ‘
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iemperatures. In soil II, the number of micromycetes increases with increasing
temperature (up to 35°C). If temperature increases to 55°C, the number of
micromycetes drops to a level lower even 10 times. The occurrence of micro-
mycetes probably depends also on the quantity of organic matter; hence at
the temperature of 35°C in soil II the number of micromycetes was at the
highest level, whereas the number of bacteria and actinomycetes reached the
highest level at the temperature of 8 °C in both soils. It was also in our previous
trials with a large quantity of organic matter that a broad occurrence of micro-
mycetes was observed, especially at the temperature of 35°C.

All processes were considerably slowed-down at the temperature of 8°C,
as we had presumed.
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BONISCHOVA-FRANKLOVA S. (Ustav vyzivy rostlin, VURV, Praha-Ruzyné). Vliiv
teploty ma mineralizaci pudni organické hmoty. Rostlinna vyroba (Praha) 20 (8) :
1 823-829, 1974.

Byl sledovan kratkodoby vliv teplot 8, 35 a 55°C na mineralizaci pudni organické
hmoty. K modelovému pokusu byla pouzita zemina s niz§im obsahem C 148"
a zemina s vy$§im obsahem C 4,24Y%, Bylo zjisténo, Ze se stoupajici teplotou
stoupa i mineralizace pudni organické hmoty; %, mineralizace C se nezvySuje umeér-
né se zvysujici se teplotou. Pomér C : Nyorg) Se zuZuje se zvyS$ujici se teplotou. Sta-
bilita organickych latek byla nejvyssi pii teploté 8°C. Mnozstvi bakterii a aktino-
mycet se snizovalo se zvySujici se teplotou. Mnozstvi mikromycet v zeminé s niz-
$im obsahem C se zvysSujici teplotou se snizovalo. V zeminé s vyssim obsahem C bylo
zjisténo nejvys$si mnozstvi mikromycet pri teploté 35 °C.

teplota; mineralizace; organickd hmota; mikroorganismy

SEHNUUIOBA-PPAHKJIOBA C. (Mucruryr nuranus pacresui, HUWP, Ilpara-Pyapize). Bam-
AHHe TeMIepaTypsl Ha MHHePAaNTM3alMI0 IOYBEHHOTO OpraHMueckoro BeimjecTBa. Rostlinna vy-
roba (Praha) 20 (8) : 823-829, 1974.

Usyuanoch kparkospeMeHHoe Biauanue rteMiepatyp 8, 35 u 550C ma MHHepanusaumio nouseH-
HOTO OpraHW4ecKoro BemecTBa. [l MONEJNBHOTO ONBITA NPHMEHMIM TPYHT C HUBKUM COLEpKa-
auem C 1,48 %y u rpynr c Boicokum comepskanueMm C 4,24 9/). Buiio ycraHosieHo, uTo C BO3pac-
TaHHeM TeMIepaTyphl BO3pacTaeT M MMHepaaM3alUs TOYBEHHOTO OpPTaHUYecKoro Bemecrsa;
MuHepanusauuyu C NOBbIAeTCs HENPONOPLUOHANBHO BO3pacTaHuio TeMuepaTypsl. CooTHOLIeHMe
C : N{opr) ¢ BO3pacTaHuHeM TeMuepaTyphl CyXXaeTcs. YCTOHYMBOCTE OPraHMUYECKMX BemlecTB Oblna
makcnManpHOit npu rtemneparype 80C. KosnnuectBo 6akrepuil ¥ aKTHHOMHLET —IIOHMIKas0Ch
( nospiieHdeM TeMiepaTypsl. KOJMYecTBO MHKpDOMHIET B TPyHTe C HH3KMM conepxanuem C
C TIOBHIIIEHHWEM TeMIlepaTyphl TOHMKalock. B rpyHTe ¢ BbicOKMM couepxanuem C 6piio ycra-
HOBJIEHO MaKCHMaJibHOe KOJHMYECTBO MHKpOMHIeT Tpu Temmeparype 35 9C.

TeMrepaTypa; MWHepaJlH3alusd; OpraHWYecKoe BeIlecTBO; MHUKPOOPTaHU3MBI
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Uloha mikrofauny v pfeménach organickych latek v pidé

Zemeédélska puda je stale intenzivnéji vyuZivana. Soucasné je vSak
nezbytné soustavné pecCovat o neustaly rist jeji urodnosti. Tohoto cile
je mozno dosahnout priméfenou regulaci mikrobnich pochodt, kterych
se ucastni jak mikrofléra, tak mikrofauna. Tyto mikrobidlni pochody
je treba podrobné sledovat, urcit jejich konkrétni kvalitativni vyznam
pro pudni urodnost. Déle je nezbytné propracovavat metody, které
u¢inné ovliviuji mikrobni pochody fléry a fauny v ptdé. Mezi pochody,
které maji rozhodujici ulohu pro pltdni urodnost, prislusi ustredni vy-
znam premeéné organické hmoty v pudé. Organickd hmota v pudé ma
nékolikery vyznam; zejména je zdrojem biogennich prvku v priznivém
poméru, vraci do kolobéhu latek ziviny, které byly pudé odnaty, je
dilezitou zivinou nejen pudni mikroflory, ale i mikrofauny, je zdrojem
ptdniho humusu a tedy ovliviiuje piiznivé pudni vlastnosti.

Uloze ptdni fauny a rozkladu organickych latek bylo vénovano me-
zinarodni sympozium v r. 1972 (IVe Colloque International de Zoologie du
Sol, Louvain, Belgique). Referaty prednesené na tomto sympoziu byly
ruznorodé. Projevoval se odliSny nazor na ulohu pldniho edafonu, na
uc¢ast mikrofauny na rozkladnych procesech v pudé. Studium bylo pro-
vadéno prevazné z hlediska taxonomického. Presto prineslo radu dulezi-
tych poznatku prvni kolektivni prace v tomto oboru zarazené do I.B.P.,
doplnénych rozsahlou literaturou.

Predlozené vysledky na tomto sympoziu byly syntetizovany a publi-
kovany v r. 1974 Parkinsonem:

Parkinson, D. 1974

Soil Fauna and Deeomposition Processes

(Report of I.B.P./P.T. Theme of meeting held in Louvain,

Belgium, July 1972)

174 stran, vyd. D. Parkinson

Ing. Zdenka Kadartkova




SOIL AERATION DURING ORGANIC MATTER TRANSFORMATION

V. CIZEK

CIZEK V. (Research Institutes for Crop Production, Institute of Soil Science,
Praha-Ruzyneé). Soil Aeration during Organic Matter Transformation. Rost-
linna vyroba (Praha) 20 (8) : 831-841, 1974.

Air-dried soil particles, size group 2—2.5 mm, were moistened by glucose solu-
tions with mineral nutrients. The rate of oxygen consumption was measured by
means of an electrolytic respirometer, and CO2 production was determined by
titration. The form of the respiration curves was influenced by different soil
moisture contents, by glucose concentrations, and by the additions of larger
quantities of nitrate. At the moisture level corresponding to pF = 3, the growth
of the oxygen consumption rate reached the highest intensity. At lower or
higher moisture levels, it was slowed-down more considerably than CO2 pro-
duction. High glucose concentrations reduce the initial oxygen consumption rate
at high moisture contents, i. e. under the conditions of a low availability of
nitrogen. The presence of nitrate does not influence the time of the beginning
of oxygen consumption; it inhibits the primary stage of oxidation and increases
the initial respiration coefficients; however the total quantity of oxygen con-
sumed during incubation is not decreased. At the individual stages of glucose
decomposition, samples were collected, and the time course of redox potential
was measured after conversion into an anaerobic suspension. A rapid decrease
was observed in the course of the primary stage of oxidation; the sample
collected from very dry soil, in which the redox potential oscillated around the
value of +470 mV, represented an exception. At the secondary stages. oscillat-
ions around equilibrum values, determined by soil moisture, were obtained:
990/ H20 : 470 mV; 179, H20 : +390 mV; 259, H20 : 290 mV.

soil aeration; glucose decomposition; redox potential

The rate and the products of the decomposition of the organic substrate
in soil are determined by a number of factors which influence the biochemical
processes in an increased metabolic activity in various manners. As asserted
by Greenwood (1968), the ratio of aerobic and anaerobic processes is
the decisive factor, and a majority of laboratory studies has been performed
by methods with which it is impossible to determine this ratio.

Novak (1964), who studied mineralization and humification under va-
rious conditions, arrived at the conclusion that the aeration conditions, or the
suitable alternation of anaerobiosis and aerobicsis, influenced also the synthesis
of humic substances which were stable in relation to micrebial decomposition.

The availability of water is another factor influencing the rate of substrate
decomposition; however, large quantities of soil water reduce the volume of the
gaseous phase, and deteriorate the conditions of aeration.

The oxidation-reduction activity of soil without an addition of substrate
was characterized by dehydrogenase activity in the paper by Cerna (1972).
The activity of these enzymes increases with higher moisture levels and with
the larger size of soil particles. However, in the course of the decomposition
of a readily decomposable substrate, only a small percentage of electrons is
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converted to TTC the reduction of which is used as a measure of dehydrogenase
activity; in particular, this is true of the initial stages of decomposition (N o -
vak, Kubat 1972).

Higher respiration coefficients and lower soil redox potential can serve as
indicators of a lower oxygen availability and a prevalence of anaerobic processes
when there is an increased metabolic activity in scil.

MATERIAL AND METHODS

Brown soil from the fields of the Research Institutes of Plant Production,
Prague-Ruzyné, were used for the trials. This silty clay loam contained 2.3 9%, of
its weigh as humus, 0.129, as nitrogen, and in 20 9%, HCl extract, Fe20s5 represented
3.0% and CaO 0.6%, More detailed characteristics of this soil are presented in
the papers by Damaska, Némecek (1966) and Facek (1967).

The pF values were determined cryoscopically (Klika et al., 1954). This
following course was found: ‘

Moisture 9, 9 13 17 25
pF 4.2 3.7 3.1 2.7

The soil was dried in air, and the fraction with aggregate size of 2—2.5 mm
was moistened with different volumes of glucose solutions in different concentra-
tions. The initial C:N :P ratio in the solution was adjusted to 10:1:1 by the
additions of (NH4)2 SO4 and KH2PO4. Air was remowed from pores by placing the
moistened soil into a desiccator and by evacuation with oil air pump.

Oxygen consumption measurement: 50 g of moist soils was placed on a silon
thread sieve which was placed over a dish with a KOH solution in the incubator
container. The incubation container (ca. 500 ml) was connected with the anode
space of the electrolyzer; a thin hose was used for this purpose. Any decrease of
gas pressure in the incubation container was accompanied by an increase of the
level of electric circuit. The electrolytically produced oxygen Kkept the gas pressure
in the incubation space at a constant level. The dependence of the value of the
past charge on time was measured with an explosive-gas coulombmeter, and the
values were corrected for pressure and temperature (Helvey 1951, Freytag1961).

The quantity of CO2 was determined by titration in parallel incubations.

Measurement of the changes of soil redox potential in the course of the de-
composition of glucose: soil samples were collected in individual phases of the
decomposition of glucose; they were flooded with water without oxygen, and after
evacuation in desiccator the time course of redox potential was measured in a
stirred suspension bubbled-through with nitrogen. The rate and depth of the decre-
ase of redox potential values under anaerobic conditions are used as a measure of
the potential reduction ability of the system at the given stage of incubation.

RESULTS AND DISCUSSION

Fig. 1 shows the course of the oxygen consumption rate during the de-
composition of the same quantity of glucose at different moisture content levels
in soil.

Apparently, there is some optimum moisture content (pF about 3) which
enables the quickest increase of oxygen consumption rate. A lower or higher
content of water slows-down this growth. The highest metabolic activity at this
moisture level was found also by Seifert (1965), Moureaux (1968),
and Rixon (1968) during the measurement of CO, production and nitri-
fication rate. Bhaumik, Clark (1947) studied CO, production in the
course of straw decomposition in soil at different moisture contents; they obtained
curves which are very similar to those in Fig. 1.
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w ml0y/h

hours

1. Oxygen consumption rate durmg the decomposition of glucose (200 mg in 50 g
soil). Moisture content: — 17%; ...... 2504 — — — — — — : 994, — Rychlost
konzumu Kkysliku v prubehu 1ozkladu 200 mg gluko7y v 50 g pudy Mnozstvi vody:
17 /0, 250/0, —————— -,9/0-

However, solutions of different concentrations were used in the trial with
the decomposition of the same quantities of glucose:

Moisture (%)
glucose concentration (g/100 ml)

9 157 25
4.4 25 1.7

Fig. 2 shows the results of the trial in which different volumes of the
solution, containing 4.4 g of glucose in 100 ml, were added to soil.

These results indicate that moisture content is the primary factor influencing
the initial growth of the oxygen consumption rate; however, glucose concentra-
tion also plays some role, especially at high values in variants with a reduced
availability of oxygen, i. e. at high moisture content levels (Fig. 3).

At optimum moisture content, the growth of the oxygen consumption rate
shows an almost linear character, whereas at high moisture content levels it
is very slow at the beginning, but its gradient continuously increases. A gradual
increase of the sensitivity of terminal oxidases to oxygen in the course of the
accumulation of reduced metabolites can be taken into consideration (W hite,
Sinclair 1971).

If a greater quantity of nitrate is added together with glucose in the
nutrient solution, the time of the beginning of oxygen consumption is not
influenced; however, the rate of its growth is considerably slowed-down. An
example of such a respiration curve is shown in Fig. 4.

At high moisture contents the presence of nitrates manifests itself by cha-
racteristic delays at the point of the primary maximum oxidation (Fig. 5).
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3. Oxygen consumption rate during the decomposition of different amounts of glu-

cose in 50 g of soil at different moisture levels: 250 mg: A
B— ——: 250, H20, 500 mg: C....: 17% H20; D
Rychlost konzumu Kkysliku: 250 mg glukézy, A

H20; 500 mg glukézy, C

2 17% i—IzO;
... :17% H20; D —.—.—.—: 259, H20

1 179, H20;
1 250, H20. —
B ——:259%




D ml0,/h

60 hours

4. Oxygen consumption rate at 99, soil moisture content: : 250 mg of glu-
cose; — — — —: 250 mg of glucose + 125 mg KNOs3. — Rychlost konzumu kysliku
v pudé s 99, vody. . 250 mg glukézy; — — — — — — : 250 mg glukézy -+
125 mg KNOs

15

mi0s/h

20 30 40 50 60 hours

5. Oxygen consumption rate in water-saturated soil. Initial amounts of substrates
in 50 g of soil: : 500 mg glucose, 400 mg KNO3, —.—.—.—: 250 mg glucose,
400 mg KNO3, — — — — — — : 550 mg glucose, 280 mg KNOs. — Rychlost konzumu
kysliku v pudé nasycené vodou. Pocate¢ni koncentrace substrati: : 500 mg
glukézy, 400 mg KNOs, —.—.—.—.—: 250 mg glukézy, 400 mg KNO3;, — — — — — :
550 mg glukézy, 280 mg KNO3 na 50 g pudy

It is apparent that nitrate reduces the sensitivity of terminal oxidations
reacting with oxygen; this is due to the fact that the same concentration of
dissolved oxygen allows for even ten-fold consumption rate in the absence
c¢ nitrate in the same period of time. This phenomenon can be ascribed to
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a different form of glucose metabolism connected with nitrate assimilation
(Hankinson, Cove 1972).

Oxygen consumption is highly sensitive to the factors under study, i. e.
to soil moisture, glucose concentration, and the presence of another electron
acceptor. CO; production is influenced to a lower degree. It is impossible to
present a complete picture of the dynamics of respiration coefficients, because
CO, production was not examined continuously. The values for CO, quantities
released even before the beginning of oxygen consumption were obtained in
some trials. The results are presented in Tab. I.

1. COz quantities (ml) before the beginning of oxygen consumption. — Mnozstvi
CO: (ml) pied zacatkem konzumu Kkysliku

Moisture (9%,) 9 17 25
Glucose (mg) 3
200 : 10.5 9.3 20.2
400 33 59 62

Owing to the fact-that the growth of oxygen consumption rate is slow in
both marginal variants, especially when high glucose concentrations are used,
. higher respiration coefficients obtained in these cases, in comparison with the
soil with optimum conditions of aeration. Higher CO, : O, ratios at high glucose
concentrations are reported for instance by Stotzky, Norman (1961).
It can be assumed that a greater quantity of glucose inhibits the growth of
aerobic catabolism also in soil. The mentioned phenomenon was treated, for
instance, by Moss et al. (1969) who studied pure cultures of microorganisms.

The values shown in Tab. II characterize the initial respiration activity
in the time when oxygen consumption was under way in all variants of the
trial (23 hours).

The presence of nitrate increases CO: roduction only at a low moisture
content. Apparently, higher respiration coefficients do not indicate a higher
propertion of anaerobiosis in this case. The total quantity of oxygen consumed
in the whole course of incubation is never lower than in the variants without
nitrate. The differences are compensated in the secondary phase of oxidation.

II. Characteristics of the initial respiration activity of 50 g of soil enriched with
different volumes of solution containing 44.4 g of glucose in 1 litre. The variant
with nitrate contained 22.2 g of KNOs in 1 litre. — Charakteristika poéateéni respi-
racéni aktivity 50 g pudy obohacené riznymi objemy roztoku, obsahujiciho 444 g
glukozy v litru. Varianta s nitratem obsahovala 22,2 g KNO3 v litru

Moisture (%) 9 17 25
initial quantities of :
glucose (mg) 250 250 400 400 550 550
KNO, (mg) — 125 — 200 - 280
0, (ml) 11.5 3.8 50.8 23.6 24.6 5.7
CO, (ml) 20.2 38.1 80.7 58.7 52.2 48.2
RQ 1.8 10.0 1.6 25 2.1 8.5
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The chosen method of soil redox potential measurement, i. e. the de-
termination of the time course after exposure to anaerobic conditions, can be
considered as the characterization of oxidoreduction activity under the conditions
of the exclusion of electron off-take by oxygen. Oscillations around some
equilibrium value were obtained in a majority of cases. If the suspension of
any sample at any stage of measurement was oxidated by an air flow, the
value of +470 mV was obtained. There were considerable differences between
variants, in which glucose decomposition took place at different moisture content
levels. The course represented in Fig. 6 was measured before the beginning
of cxygen consumption.

At the stage of primary oxidation in variants of high moisture contents,
&« drop was recorded, and its rate showed a gradual growth (Fig. 7). The
drop was slcwer when moisture content was at an optimum level. Apparently,
this course is connected with the increasing rate of catabolic activity in the
presence of gluccse. The represented delay periods are quite well-reproducible.

!
mV
B (16. hour)
A (4. hour)
+500r—
+A70&
| W/ !
|
t C(6.hour) D (12.hour)
+400
+390 :ﬂVAv"WA\’M\,V\/\/\/ |vv WA WW‘
+300—
1 ] |
0-60 0-60 0-60 0-60 min.

6. Course of redox potential in anaerobic suspension of soil sampling from be in-
cubation at 99, H20 (A, B—) and 259, H20 (C, D) before the start of oxygen
consumption. Period of measuring 60 min. — Pripbéh redox potencialu v anaerobni
suspenzi vzorkud pudy s 9 %, H20 (A, B) a s 259, H20 (C, D) pred za¢atkem konzumu
kysliku. Doba méfeni 60 minut

The decrease of redox potential in the course of the logarithmic stage
of the growth of microorganism cultures is treated, for instance, by Kellen
et al. (1967). These authors revealed a relation of this phenomenon with the
activity of some dehydrogenases.

However, this course was not recorded in the samples of soil where the
decomposition of glucose took place at low moisture content levels (pF = 4.2).
The redox potential values oscillated around + 470 mV throughout the course
of incubation.
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+390

+290

+220

+ 140

+60

t (0~ 120min) v

7. Course of redox potential in anaerobic suspension of soil sampling from incu-
bation at water saturating. Oxygen consumption rate was increasing between the
12. and the 28. hour. Numbers indicate time of sampling. Period of measuring 120
min. — Prubéh redox potencialu v anaerobni suspenzi vzorkl pudy nasycené vodou.
Rychlost konzumu Kkysliku vzrustala mezi 12. a 28. hodinou od poéatku inkubace.
Ciselné udaje oznaéuji hodinu odebirani vzorku. Doba mé&feni 120 minut

In the presence of nitrate, the value of +390 mV was obtained in the
period of respiration delay.

The best-reproducible curves were obtained at the second stage of decom-
position. Fig. 8 shows these curves for higher moisture contents.

At this stage, an equilibrium value was measured in all cases for each
incubation moisture: 9 % H,O: + 470 mV; 17 % H,O: +390 mV: 25 %
H,O: 4290 mV.

The oscillation amplitude gradually decreases with dropping respiration
activity; this is, probably, due to a decreased value of intervention after exposure
to anaerobic conditions. An increase to the value of +470 mV was observed

only after the decrease of respiration activity to the level of the control, if the
moisture content reached higher levels.

The oxygen consumption rate is determined not only by the rate of the
accumulation of oxidable substances, but also by the size of the contact surfaces
of the fluid — gas phases, and by the diffusion rate within aggregates. A trial
was performed for the illustration of the effect of these factors. Its results are
shown in Fig. 9.

At higher moisture content levels, the size of the aggregates influences
mainly the maximum rate of oxygen consumption and the level of the secondary
stage of oxidation. At low moisture contents, other limiting factors play a more
important role, and the maximum rate of oxygen consumption reaches the

same values in both cases. However, a quicker growth is observed in larger
aggregates.
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Hence it is evident that the values of the parameters measured, and parti-
cularly the respirometric data, can be only to the fraction having particle sizes
from 2 to 2.5 mm for the soil used in the trials.

+500

mV

b e
A s I
I A V _\MVMWM/

W

+200—

+100 | 1 1 |
0-60 0-60 0-60 0-60 min

8. Course of redox potential in anaerobic suspension of soil sampling during se-
condary phase of decomposition of glucose. +390 mV: 179, H20, and 52. hour,
+290 mV: 259, H20, and 62. hour. — Prbéh redox potencidlu v anaerobni suspen-
zi vzorkll pudy, v niZ probihala sekundarni faze rozkladu 19, glukézy. 4390 mV:
17 9%, H20, 46 a 52. hodin. 290 mV: 25 9, H20, 30 a 62. hodin

15
<
N
N
(e}
7
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| ! | I 1 [
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9. Oxygen consumption rate during the decomposition of glucose (200 mg/50 g soil).
229/, H20, soil particle size A :08—1 mm, B — — — —: 3—4 mm, 109, H20,
soil particle size C ....: 0.8—1 mm, D —.—.—: 3—4 mm. — Rychlost konzumu
kysliku v pribéhu rozkladu 200 mg glukézy v 50 g pudy. 229, H20, velikost agre-
gatu A : 0.8—1 mm, B — — — —: 3—4 mm, 109, H20, velikost agregati C
cee.:08-1mMmm,D —.—.—.—:3—4 mm
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9. 1. 1974

CIZEK V. (Ustav ptdoznalstvi, VURV, Praha-Ruzyné). Pudni aerace pii preméndch
organické hmoty v pudé. Rostlinna vyroba (Praha) 20 (8) :831-841, 1974.

Pudni éastice velikosti 2—2,5 mm vysu$ené na vzduchu byly ovlhéovany roztoky
glukézy s mineralnimi Zivinami. Byla mérena rychlost konzumu kysliku pomoci
elektrolytického respirometru, produkce CO2 byla urcovana titracné. Tvar respi-
ra¢nich kfivek byl ovliviiovan ruznou pudni vlhkosti, koncentraci glukézy a pri-
davky vétS§ich mnozstvi nitratu. Pri vlhkosti odpovidajici pF = 3 byl vzrust rych-
losti konzumu kysliku nejrychlejsi, pri nizSich nebo vySSich vlhkostech byl zpo-
malovan vice nez produkce COz Vysoké koncentrace glukézy snizuji poc¢ate¢ni rych-
lost konzumu Kkysliku pii vysokych vlhkostech, tj. pii nizké dostupnosti kysliku.
Pritomnost nitratu neovliviiuje dobu poc¢atku konzumu kysliku; potla¢uje primarni
fazi oxidace a zvySuje pocateéni respiraéni koeficienty, nesniZuje vSak celk. mnozstvi
kysliku spotrfebovaného béhem inkubace. V jednotlivych fazich rozkladu glukozy
byly odebirdny vzorky a méfen ¢asovy prubéh redox potencidlu po pievedeni do
anaerobni suspenze. V prubéhu primarni fize oxidace byl zaznamendvan prudky
pokles; vyjimku tvorily vzorky odebrané z velmi suché puady, v nichZ redox
potencial osciloval okolo hodnoty 470 mV. V sekundarni fazi byly ziskany osci-
lace okolo rovnovaznych hodnot uréenych pudni vlhkosti: 99, H20 — 179,
H20 — +390 mV; 259, H20 — 4290 mV.

ptdni aerace; rozklad glukézy; redox potencialu
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UMAKEK B. (Mucruryr nousosenenusi IIMHP, Ilpara-Pysbine). Aspauusa no4ssl IpH IpeBpa-
LjeHHAX OpPraHWYeckoro BemjecTBa B mouse. Rostlinna vyroba (Praha) 20 (8) : 831-841, 1974.

BricyumeHnble Ha BO3nyXe IIOYBEHHBIE YACTHUIBI BEIMYMHONW 2—2,5 MM yBIaXKHANHM PacTBOPaMH
FJIOKO3bl ¥ MHHepaNbHbHIMHU BemecTsaMu. MaMepanu CKOpOCTH yCBOEHMs KHCJIOpPOINA C IOMOILIBIO
JEKTPOJIMTHYECKOTO pecndpoMerpa, INpPOAYKLHIO COZ onpenesAilnd THUTPOBAHHUEM. (I)OpMy pecru-
PalMOHHLIX KPHMBBIX OOYCJIOBJMBAJM pasHasg BJAKHOCTL IIOYBLI, KOHIEHTPALMsA TJIOKO3bl W IO-
HaBKu KPYIHBIX KOJIHYEeCTB. HUTpaTa. Hpﬂ BJAXXHOCTH pF =3 CKOpOCTE YCBOEHHA KHCJIO0pOda
caMas OoJypllasi, IPY IOHMKEHWH HJH IIOBBIIEHWM BJAKHOCTH yCBOEHHE 3aMelisJoch B 60Jb-
weit mepe, uem mnponykuus CO2. BricokMe KOHIIEHTpAllMM TIJIIOKOSEl TOHIIKAIOT HAadalbHYI0
CKOPOCTh YCBOEHMSI KMCJIOPONA TNPH BHICOKOH BJAKHOCTH, T. €. IIPH HHSKOH IOCTYIHOCTH KHCJIO-
pouna. Hanuuue HUTpaTa He BJIMAET Ha HayaJabHbI I CpPOK YyCBOEHHA KHUCJIOpOna, ToIoaBiaAeT Iep-
BUYHYI0 $ady OKCHIAUMM ¥ yBeJHUMBAeT HadasbHble KOIQOUIIMEHTH pecnMpanuu, He CHIKAs
0611181'0 KOoJnu4yecTsa 0, HU3pacxon0BaHHOTO B Te4dyeHHUe PIHKyﬁa.LHdM. B OTIeJbHbIE q)aSbl pasjaoxe-
HHUs TJIOKO3bI Opasu 1npobbl ¥ M3Mepsad BPEMEHHOH XOI peNOKCNOTeHLMala Iocjie ero mepe-
B0la B aHa’pobHyw cycneHsuio. B mnepBuuHyio ¢$asdy OKCHIALMH OTMEYEeHO pe3Koe IIOHHKeHHe
33 HMCKJIIO4eHHeM I1pob OueHb CyXOif TIOUBBI, THe PeNOKCHOTeHLIWaJ OCUMJIIMPOBAN OKOJNO Beju-
unHer +470 MB. Bo BropuuHyi ¢asy mnosydand OCHHJJIALMM OKOJO PaBHOBECHLIX SHAYEHHH,
HaHHBIX TOuBeHHOH BaakmocThio: 90 H20 — +470 mB; 179, H20 — +390 ~B; 259
H:O — +290 MB.

aepauds I04YBbl; pas3JiOKeHHe TIJyKO3a; PEenOKCIIOTeHITHaJ

Adresa autora:
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Velmi ¢asova konference o ochrané Zivotniho prostiedi

Ve dnech 29.—31. 5. 1974 usporadala Ceskoslovenska védeckotech-
nicka spoleénost v Usti n. L. pod garanci védeckych pracovniki, zejmé-
na ing. Ctirada Patejdla, CSc., z Vyzkumného ustavu melioraci ve Zbra-
slavi, konference s mezinarodni u¢asti na téma: Primyslové zemédélska
krajina, jeji rozvoj a ochrana. Uéastnici z CSSR, SSSR, Polska, Madar-
ska, Rumunska, NDR i NSR uvedli ve svych referatech i v diskusi
obecné a specifické problémy rostouci industrializace ve vztahu k pti-
rodnimu a Zivotnimu prostiedi. Tématicky byla problematika rozdélena
do tifi skupin: puda, ovzdu$i a voda. Na zavér byly usporadany 2 celo-
denni exkurze: do oblasti Severoc¢eskych uhelnych doll, véetné rekulti-
vovanych objektl, a na Skody, zejména v lesnich kulturach Kru$nych
hor, pusobené exhalaci elektraren a ostatnich primyslovych podniki.

Byla zduraznéna prevence znecisfovani vody, ovzdusi i pudy. Na
téma ,puda“ se hovorilo rovnéz o nejruznéjsich zpusobech technické
i biologické rekultivace devastovanych pozemki nebo pramyslovych od-
padld, zejména dulnich vysypek a elektrarenskych popilk. Zakladnim
predpokladem uspésné rekultivace je biologické oziveni odpadl. Vse-
obecné se k tomuto uéelu pouziva navazka ornici, nebo rtznych orga-
nickych i pramyslovych hnojiv, zejména komposti. Velmi dobrych vy-
sledkt pri primé rekultivaci dulnich vysypek bylo napi. dosazeno hno-
jem doplnénym primyslovymi hnojivy, kde byl zaji§tén optimalni po-
mér C:N a dosazen nejvyssi vynos jetelovin pfi maximdalnim rozvoji
padni mikroflory. Zdrojem biologického oziveni vysypek z dolt mohou
byt i meéstské kaly. V posledni dobé se nabizi vyzkou$et na vysypkach
i slozistich elektrarenskych popilkti rovnéz tekutd hnojiva — Kkejdy,
vznikajici ve velkém mnozstvi v modernich velkokapacitnich provozech
Zivoé¢isné vyroby.

Neprimym zptisobem biologického oziveni je uprava fyzikalnich
podminek, tj. zajiSfovani dostate¢né aerace rekultivovanych materialt.
Velmi zajimavé vysledky ziskali napi. v NDR s pouzitim elektrarenskych
popilkt pii vylehéeni jilovitych dilnich vysypek v kombinaci s riznym
hnojenim, zvlasté s odpadnimi vodami, a s naslednym intenzivnim pro-
vzdu$hovanim pii zapraveni pludni frézou.

V casti zavéreéného usneseni zameérené na organicka hnojiva bylo
konstatovano, Ze celkovy trend novych technologii v Zivoéi§né vyrobeé
vede ke zhorSeni zivotniho prostfedi. Navrzené systémy organického
hnojeni by meély tyto nedostatky kompenzovat. V plné mire se to ne-
podari, zejména v oblastech velké koncentrace zvirat. Racionalni orga-
nické hnojeni by vSak mélo zabranit nadmeérnému vyplavovani mine-
ralnich rostlinnych zivin, hlavné N a P, a omezit znec¢isfovani zejména
vodnich tokit a nadrzi.

Ing. Vlasta Petyikovd, CSe.




THE RESPIRATION ACTIVITY OF SOIL ENRICHED WITH ORGANIC
MATTER, AND ITS REGULATION IN THE COURSE OF BREAKDOWN

R. APFELTHALER

APFELTHALER R., (Research Institute for Crop Production, Institute of Plant
Nutrition, Praha-Ruzyneé). The Respiration Activity of Soil Enriched with Orga-
nic Matter, and its Regulation in the Course of Breakdown. Rostlinna vyroba
(Praha) 20 (8) : 843-852, 1974.

In soil, the breakdown of soil organic matter and the additions of 1", of
starch, lucerne meal and peptone was examined by the determination of CO:2
production at weekly intervals for 35 days. The variant enriched with lucerne
meal and the variant without this enrichment showed the same range of
organic matter stabilization at the end of the trial. The additions of phosphate
(P) and ammonium ion (N) influenced C mineralization in dependence on the
degree of stabilization. The coefficient of effectiveness for N+P and N reached
highest values in starch and the lowest in lucerne meal. An increase in res-
piration after the addition of P was obtained in soil organic matter. The
availability of the substrates decreased in the following order; peptone (66 9/, of
mineralization), lucerne meal (58 ), starch (33 °/).

soil respiration; organic matter; mineral nutrients; stabilization

Organic matter supplied tc soil with plant residues, organic manure etc. is
microbially converted by the inseparable processes of mineralization and syn-
thesis. In current materials with a prevalence of carbonaceous sources, the
mineralizaticn rate can be influenced by the addition of mineral nutrients,
particularly nitrogen. It is evident that the creation of favourable conditions
for a higher utilization of chemical energy bonded in substrates will exert a good
influence on the synthesis of humus substaaces for which there are good reasons
to assume that in part it is a component of the metabolism of soil microflora
as a whole. Gradual degradation of the complex substrate in soil, depending
cn the chemical character of individual components, is connected with the alter-
nation cof microbial communities, due to variable autolysis rates, also with the
varying response to the addition of mineral nutrients in the course of break-
down. The course of these changes was examined by the determination of CO,
preduction after the addition of starch, lucerne meal and peptone to soil.

MATERIAL AND METHODS

Brown soil was used for the trial. The fine soil (500 g), wetted to an 829,
dry matter content, was enriched with 19, of substrate: starch, meal from the
overground parts of lucerne plants, or peptone. The homogenized soil was placed
in 1,000 ml broad-neck bottles, and incubated at 28°C for 35 days. Moisture content
was periodically adjusted and air was periodically replaced in the flasks in the
course of incubation. Every week, 8 samples weighing 50 g were collected for the
respiration trials from each variant. After placing in polyethyvlene flasks, the
samples were examined interferometrically according to (1, 2, 10) for CO2 production
every day for a whole week. Ammonium sulphate and potasium phosphate were
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‘added to these partial samples at the rates of 40 mg of N and 40 mg of P per 100 g
of soil. CO2 production was determined after 23 hours. The chemical properties
of the initial materials and variants are shown in Tables I and II.

I. Characteristics of substrates. — Charakteristika substrata
Substrate i - (%) N (%) C:N pH
Starch ‘ 44.50 — - ; -
Lucerne meal 39.50 1.25 31.6 —
Peptone 39.30 15.50 25
Soil 1.42 0.09 15.1 6.65
II. Characteristics of test variants at the beginning of the trial. — Charakteristika
pokusnych variant na zaéatku pokusu
Variant C (mg/50 g) N (mg/50 g) C:N
Soil 606 40.2 15.1
Soil + 1 9, starch 792 40.2 19.7
Soil + 1 9%, lucerne meal 771 45.3 17.0
Soil + 1 9, peptone 768 104.2 7.4

RESULTS AND DISCUSSION

Scil respiraticn as a result of the microbial utilization of carbonaceous sub-
stances and energy is not limited only by the concentration of the available
forms cf carbon but also by a number of mineral nutrients (Freytag 1971,
Freytag, Igel 1973, Macura, Kunc 1963, Novak 1965 Novak,
Apfelthaler 1964, Stotzky, Norman 1961). Their importance for
respiration processes is not explained explicitly. It is asserted in literature that
for the immobilization of mineral N by soil microflora, the C: N ratio of 25
represents a limit. In fact, only a small part of organic nitrogen can be mine-
ralized at a rate sufficient to cover the requirement for this element in relation
10 potential micrebial activity. The effect of the addition of mineral nitrogen on
the acceleration of the products of breakdown is determined by the direct invol-
vement in the synthesis of enzymes and other microbial proteins. The effect of
phosphates is more complex, because in the form of the macroergic phosphorus
compounds they act as a regulating element in catabolic processes, according to
the cocnsumption of energy in endérgonic reactions (Novak 1965, 1967). An
increase of inorganic phosphate concentration above the level given by energetic
metabolism may reduce synthesis rate and restrict the production of energy in
the processes of breakdown. The dynamics of the breakdown of soil organic
matter as well as the added orgaric matter as an expression of microbial acti-
vity is shown in Fig. 1. The main proportion of total mineralized carbon was
released during the first seven days. The highest microbial availability, i. e. sui-
table enzymes for the utilization of a given substrate, was obtained in the va-
riant with peptcne; the reason is that proteases, transaminases, and deaminasés
represent a part of the enzymatic pool of cells. In the course of 35 days, 66 %
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of carbon was mineralized; this corresponds to the same microbial availability
found in glucose (Drobnik 1960, Stotzky, Norman 1961 etc.), and
proves the participation of the same metabolic processes in obtaining carbon
and energy from breakdown intermediate products.

w%llllllllllllllll

0 05 10 log t

1. Summary production of CO2 — (Log mg CO2) — time (log
weeks) curves. A — soil, B — soil + 19, starch, C — soil +
+ 19, lucerne meal, D — soil + 19, peptone. — Zavislost
sumarni produkce CO2 (log mg) na c¢ase (log tyden). Varian-
ty: A — zemina, B — + 19, 8krobu, C — + 19, vojt. mou-
ky, D — + 19, peptonu

The mineralization of lucerne meal was slower, although the degree of
breakdown found during the trial (58 %) was higher than normally stated. The
utilization of starch was limited by a reduced rate of amylase synthesis under the
conditions of a lack of the sources of available N. With the exception of the
starch variant where the breakdown continued even after the 35th day, it is
possible in other variants to estimate the organic matter stabilization rate on
the basis of the determination of the time necessary for the achievement of the
so-called basal respiration (7,4) representing an ecological equilibrium. The
achievement of such equilibrium is conditioned by the exhaustion of readily
available carbon sources. As indicated by the linear part of the curve for the
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2. Respiration rates (mg COz/h) — soil without organic amendments. — Respira¢ni
rychlost pii mineralizaci pudni organické hmoty (mg COz/hod)

~w mgCO2/h
@©

0 | I 1 I I 1

1 5 10 15 20 25 30  days

3a. Respiration rates (mg CO2/h) — soil + 19, starch. — Respiraéni rychlost varianty
s 19, skrobu
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4. Respiration rates (mg COz/h) soil + 19, lucerne meal. — Respirac¢ni rychlost va-
rianty s 19, vojt. mouky
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N

1 5 10 15 20 25 30 .days

5. Respiration rates (mg CO2/h) soil + 1Y%, peptone. — Respira¢ni rychlost varianty
s 1%, peptonu

Explanations Fig. 2 — Fig. 5:

Enrichments: curve

1 — control

2 — 40 mg N-NH4/100 g

3 — 40 mg P-PO4/100 g

4 — 40 mg N + 40 mg P/100 g

Arrows indicate time of adding nutrients to nonamended soil in various stage of
decomposition of organic materials.

Obr. 2 az 5

Obohaceni: kiivka

I —0

2 — 40 mg N-NH4/100 g

3 — 40 mg P-PO4/100 g

4 — 40 mg N + 40 mg P/100 g

Sipky oznaéuji jednorazovy piidavek minerdlnich Zivin v rtzné fazi rozkladu sub-
stratu v ptidé bez obohaceni.

summary respiration in a logarithmic form (i. e. in the other half of the test
period), the organic substances in the form of assimilated substrate show al-
most the same microbial availability as soil organic matter. The A line slope
(soil organic matter) is 0.36, and that of line C is 0.33 in the variant with
lucerne meal. A somewhat higher stability, or an inhibited breakdown of assi-
milates, was recorded for the addition of peptone (straight line D, k = 0.22).

The curves of the changes in mineralization rate (mg of CO, per hour
per 100 g), shown in Figs. 2—5, are suitable for detailed study of the respi-
ration activity of soil microflora. The maximum CO; production (between the
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40th and 72nd hour of incubation) was obtained when soil organic matter
alone, and starch and lucerne, were broken down. In the peptone variant, this
maximum was overlapped by a greater maximum which occurred immediately
in the first hours of incubation. The first-mentioned maximum is that for the
oxidation of carbon in the fraction of simple substances released from soil or-
ganic matter as a result of soil drying and rewetting (4; 5, 7). This quantity
is relatively low, and the reserves of mineral nutrients in the soil solution are
sufficient for its utilization. For this reason and due to the fact that simple
sugars, organic acids, amino acids, amino sugars and simple peptides are in-
volved, further additions of mineral phosphate exert no influence on their uti-
lization; they form a physiological surplus. This situation is indicated by the
values of the quotients of effectiveness of mineral nutrients which are close to
one (Novak, Apfelthaler 1964), as indicated by Table III. At further
stages, the breakdown of soil organic matter takes place at a fluctuating rate
and with a variable response to the additions of N and P. In the third week
of incubation, mineral phosphate considerably stimulated CO. production, whe-
reas N-NH; exerted almost no influence on mineralization. This is ascribable
to a change in the chemical composition of the substances (for instance after the
splitting of the aliphatic peripheral covers of humus substances) utilized as the
source of C; more activation energy was required to make them available. The
lack of mineral phosphate might be due to a higher degree of biological immc-
bilization (Macura, Kunc 1963) in which P; was released from the organic
forms (especially nucleoproteids) more slowly than N in cellular proteins. This
is suggested by the values of the quotients of effectiveness: K, = 2.60, Ky =
= 1.20. A complete mineral supplement facilitated the availability of other
proportions of soil organic matter (Kyp = 3.23).

In mineral enrichment, the amount of surplus-mineralized C decreased
gradually with the time of incubation from the second week; this could be ex-
pected with a decreasing concentration of readily available forms of carbon. At
the last stages of incubation, CO: production showed a considerable decrease
after separate additions of N and P, although the quotient of elfectiveness re-
mained at quite a high level (Ky = 1.68; K;, = 1.64). It should be mentioned
that in that period, the intensity of basal respiration was already very low.

The course of the breakdown of lucerne meal is shown in Fig. 4. The pro-
portion of water-soluble C was mineralized already in the course of the first
24-hour period. The respiration peak, found also in soil without enrichment the
third day, was higher, and the same is true of the fluctuation in further course.
Some of these peaks of respiration rates can be ascribed to aeration caused by
the collection of samples, others were due to the changes in the metabolized sub-
strate. The quantity of the carbon of lucerne meal mineralized by the effect of
the addition of mineral nutrients (i. e. after the detraction of “basal” respi-
ration) was very close to the values obtained in the soil to which no carbon
was added; the general level of their effectiveness was lower (Tab. III — ave-
rage values). As expected, the values of the quotients of effectiveness increase
in the course of C stabilization until the 4th week only if N is added. The signs
of the immobilization of P occurred in the third week of incubation. At the
same time, the drop of the effectiveness of N + P remains unexplained. Like
in all variants, the highest effect on CO: production was exerted by N + P
enrichment under the conditions of limited microbial activity at the end of the
test. In the microbial hydrolysis of starch which represents a substrate with car-
bon available only after the splitting of the chain to glucose, it is necessary to
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III. Quotients of the effectiveness of the addition of mineral nutrients in soil respi-
ration. — Kvocient ucinnesti pridavku minerdlnich Zivin v pudni respiraci

Days of incubation

. Average
Variant
07 7—-14 | 14—21 | 21—28 | 28—35 | 035
A — soil organic matter
N:B 0.92 2.07 1.20 241 1.68 1.66
P:B 1.34 1.36 2.60 1.32 1.61 1.64
NP:B 1.06 | 2.84 3.23 3.14 2.99 2.65
B — + 1 9 starch
N:B 2.08 3.23 3.67 3.14 2.01 2,82
P:B 1.28 1.09 1.42 1.21 0.72 1.14
NP:B 1.54 2.64 3.67 3.05 3.12 2.80
C — + 1 9% lucerne meal
N:B 1.09 1.45 1.63 2.14 1.10 1.48
P:B 1.09 1.17 1.41 1.21 0.91 1.16
NP:B 1.01 1.51 1.06 1.66 1.73 1.39
D — + 1 9% peptone
N:B 1.04 l 1.08 1.41 3.05 1.42 1.60
P:B 1.20 l 1.17 1.04 1.54 1.04 1.20
NP:B .01 | 125 1.43 2.81 2.06 1.71
Note:
. mg CO,/7 days in enriched soil
Quotient = mg CO,/7 days in non-enriched soil
B — notenriched
P — enriched with 40 mg of P-PO,
N — enriched with 40 mg of N-NH,
N

P — enriched with 40 mg N + 40 mg P

expect increased requirements for an adequate supply of mineral nutrients.
Starch mineralization took place only up to the level of 1/3 in the test time;
this represents 50 % of the availability of carbon in lucerne meal. Figs. 3a, b
show that the respiration peak, recorded on the third day, was reduced due to
the proteosynthesis of inductive enzymes and this blocked the original amount
of mineral N in soil. The formation of favourable conditions by the addition
of mineral nutrients (N and N + P) to soil preincubated with starch provided
a degree of hydrolysis and a corresponding increase in respiration rates, was
observed after 24 hours. The forms of respiration curves with a characteristic
delay in the decreasing phase were described by Stotzky, Norman 1961
after studying the mineralization of high rates of glucose by soil microflora.
The quotients of the effectiveness of N and N+P increased until the third
week; then a drop followed. When N+ P were added, the quantity of mineraliz-
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ed C was mostly lower than in N enrichment. Apparently, energy was utilized
with greater advantage under the conditions of a limited frequency of autolytic
cycles necessary for the provision of an optimum level of mineral phosphate.
The addition of phosphate alone increased mineralization only insignificantly
in comparison with the control; on the other hand, in the last week, mineraliz-
ation decreased below the level of basal respiration.

The respiration rate with the utilization of peptone (Fig. 5) indicated an
immediate availability of C and N from the cleavage products of proteins. Its
values were four times as high as in other variants on the first day. The ad-
ditions of N, P, N -+ P showed no effect at the beginning of incubation. Only
when the phase of primary oxidation elapsed (5), the stabilization of C sour-
ces was achieved, so that at a high degree of biological immobilization of N
and P it was possible to support the breakdown processes only after a supply
of the mineral forms of N and N+P. Again, the extent of the effectiveness of
phosphate alone was limited. The following maximum values of the quotients
were obtained: Ky = 3.05; Ky = 2.81; Kp; = 1.54. According to literature
(Novak 1965, 1967), a higher concentration of mineral phosphate can in-
crease the respiration rate only at a low original concentration, and if the limit
determined by the ratio of catabolic and synthetic processes is exceeded. The
respiration may get reduced, with a sufficient supply of readily available sub-
strate. In the cases when microflora activity is reduced (exhausted C sources,
spatial barriers), the addition of phosphate and ammonium ions leads to the
mineralization of a greater quantity of carbon than after enrichment with mi-

neral nitrogen alone. This phenomenon was registered in all experimental va-
riants.
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APFELTHALER R. (Ustav vyZivy rostlin, VURV, Praha-Ruzyné). Respiraéni aktivita
zeminy obohacené organlickou hmotou a jeji ovliviiovdni v prubéhu rozkladu. Rost-
linna vyroba (Praha) 20 (8) : 843-852, 1974.

V zeminé byl sledovdn rozklad ptdni organické hmoty a piidavka 19, S$krobu,
vojtéskové mouky a peptonu stanovenim produkce CO2 v tydennich intervalech
po 35 dni. Varianta obohacena vojtéSkovou moukou a varianta neobohacena vyka-
zovaly na konci pokusu stejny rozsah stabilizace organické hmoty. Piidavky fosforu
(P) a amonného iontu (N) ovlivnily mineralizaci C v zavislosti na stupni dosazené
stabilizace. Koeficient uéinnosti pro N+P a N byl nejvyssi u Skrobu, nejnizsi
u vojtéskové mouky, nejvyssi zvySeni respirace po pridavku P bylo u pldni orga-
nické hmoty. VyuZitelnost substrattt klesala v potradi: pepton (669, mineralizace),
vojtéskova mouka (58 %), $krob (33 9).

pludni respirace; organickd hmota; mineralni Ziviny; stabilizace

ATI®EJIBTAJIEP P. (Mucruryr nurtanus pacrenuit, HUWP, Ilpara-Pyswine). Pecmupanmonnas
AKTHBHOCTH TPYHTA, oGoramem{oro OpraHM4YecKMM BelleCTBOM, H €€ PperyiMpoBKa B IIpounecce

pasnoxenus, Rostlinnad vyroba (Praha) 20 (8) : 843-852, 1974.

B rpyHTe M3yyanau pasiOsKeHHe NOUYBEHHOTO OpTaHMYeCKoro semjecTsa M nobasku 1 9/ xpaxmana,
JIOLEPHOBOM MYKHM TIENTOHA TNOCPENCTBOM ompenesneHus nponykuun CO2 B exXeHelNeNbHBIX HHTEp-
Basax 35 nmeil. Kak oforamednsiif moulepHOBOM MyKOH BapHAaHT, TaK M HeObOraljeHHEIH B KOHIlE
onbita Ofnajganu ONMHAKOBOH crafunusauueil opraHudeckoro seumjectsa. Jlobasku docdara (P)
» ammuaugHoro moHura (N) Bausau Ha MuHepanusanuio C B 3aBHCHMOCTH OT CTeNeHH IOCTHI-
Hyroii crabunusauuu. Kospduuuenr neiicteus mias N + P um N caMbiif BbiCOKHH y KpaxMmaia,
a caMbplii HM3KHH y JIOLIEPHOBOM MyKHM, MaKCHMaJbHOe IOBHIIIEHHEe DEeClMpaluy Iocje IO6aBKH
P ycraHOBieHO y IIOYBEHHOTO OpraHuWyYeckoro emjecTBa. McmosbdyemocTs cy6cTpaTa TOHMIKANach
2 crenmyomeit odepemmoctH: mentoH (66 0y Mumepanusamuu), mouepmosaz myxa (58 0/, xpax-
man (33 9)).

pecnupanus TOYBHI; OpPraHUYECKOe BellecTBO; MHWHepaJbHBEIE BElLleCTBa, crabunuzauus
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STIMULATORY EFFECT OF GLUCOSE ON THE MICROBIAL
DECOMPOSITION OF NATIVE SOIL ORGANIC MATTER

F. KUNC

KUNC F. (Institute of Microbiology, Czechoslovak Academy of Sciences, Praha).
Stimulatory Effect of Glucose on the Microbial Decomposition of Native Soil
Organic Matter. Rostlinna vyroba (Praha) 20 (8) : 853-860, 1974.

Causes of acceleration and intensification of the microbial decomposition of
native soil organic matter, humus fractions and aromatic compounds both in
the soil and washed bacterial suspensions in the presence of glucose were in-
vestigated. The results indicate that this phenomenon, known as the “priming
effect”, is apparently of complex nature and may result from changes occurring
at the level of soil microbial population as well as at the level of cells and
individual metabolic mechanisms. In the first case the enrichment of soil with
glucose may result in a general proliferation of microorganisms, occasionally
also in an increase of relative incidence of decomposers of aromatic compounds;
the added glucose is utilized as a carbon source. The utilization of glucose as
an energy source for activation of cell membrane transport mechanisms faci-
litating a faster uptake of aromatic compounds into cells and their subsequent
contact with catabolic endoenzymes may serve as an example of the second
possibility.

microbiological processes in soil: metabolic interactions; priming effect; native
soil organic matter; aromatic compounds; glucose

The addition of organic substrates to soil can stimulate the decomposition
of native soil organic matter. This phencmenon is referred to as the priming
effect. It was observed after the enrichment of soil samples with plant residues
(Broadbent 1948 Broadbent, Bartholomew 1948, Bingeman,
Varner, Martin 1953, Hallam, Bartholomew 1953, Stotzky,
Mortensen 1958), or with glucose (Jansson 1960, Macura et al.
1963, 1965, Szolnoki et al. 1965). Although priming effect may vary in
different conditions, as to its extent, it has an undoubted importance for the
evaluation of all the changes of humus and soil organic fraction, or for the
evaluation of the effectiveness of organic manuring. As far as the author is in-
formed, no experimental materials for closer explanation of this phenomenon
and its mechanism have been provided yet. Hence the purpose of this study
was to demonstrate some relations which might contribute to the explanation of
the causes of priming effect.

MATERIAL AND METHODS

The properties and treatment of the samples of chernozem soil (Libeznice), and
the preparation of their suspension in water have been described earlier(Macura
et al. 1965, Kunec, Macura 1966). The method of the determination of the total
numbers of bacteria and the bacteria utilizing aromatic substances in soil, the pro-
perties, maintenance, preparation of washed cell suspensions, and the methods of
the cultivation of the bacterium Cellulomonas sp. were shown in papers by Kunc
(1971a) and Kunec. Kotyk (1974). The preparation of fulvenic acid was obtained
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as a fraction of fulvic acids from peat according to Viljams (1965); some pro-
perties of this substance and data on its aromatic character were mentioned by
a previous paper (Kunc, Lokhmacheva, Macura 1971). The preparation of
14COOH-vanillic acid was obtained from the Isotope Laboratory of the Czechoslovak
Academy of Sciences, Prague. The technique of the heterocontinual cultivation of
microorganisms in soil was described by the paper by Macura et al. (1965).
Oxygen consumption in soil suspension or in a washed cell suspension of bacteria
was measured by the direct Warburg manometric method. The method of the ultra-
sonic treatment of the bacterium culture is mentioned in the paper by Kunc,
Kotyk (1974). The procedures of the work with substrates containing the 1C
radioactive carbon isotope, and the method of radioactivity measurement were de-
scribed in previous papers (Macura et al. 1965, Kunc, Koty k 1974).

RESULTS

After the enrichment of soil with organic substrates which are utilized by
microorganisms as a source of carbon and energy, there may occur an increase
in the quantity of carbon dioxide produced through the biological oxidation of
native soil organic matter. The data in Tab. I can serve as an example. They
indicate that when glucose was continuously added to the soil sample under
given conditions, a more than six-fold quantity of carbon dioxide was released
from the soil organic material, in comparison with the variant to which no
glucocse was added. In order to make it possible to discern the origin of carbon
dioxide, a glucose solution marked with the radioactive carbon isotope C was
used in the trials.

[. Mineralization of carbon after 10 days of continuous flow of 0.19, glucose
through the sample of 30 g structural chernozem soil. Amounts of carbon are
expressed in mg. — Mineralizace uhliku po 10 dnech kontinualniho priatoku 0,19
glukézy nebo vody vzorkem 30 g strukturni cernozemé. Mnozstvi uhliku je vy-
jadreno v mg

|
| Water Glucose

Total quantity of mineralized
carbon 11.2 96.4

Mineralized carbon from:

glucose — 24.1
native soil organic matter 11.2 72.3
Priming effect — 61.1

A decisive part of native organic matter is represented by humus substan-
ces. Apparently, glucose added to soil can stimulate the ability of soil micro-
flora to mineralize these compounds. This is testified to by the fact that in the -
‘samples of soil preincubated with glucose, a higher rate of oxygen consumption

for fulvic acid cxidation was observed, in comparison with the control variants
(Table II).

An analogical stimulatory effect of glucose was observed also in the oxi-
dation of aromatic substances as components of humus compounds. The data
in Tab. IV indicate that in the presence of glucose, the lag phase of oxygen
consumption was considerably shortened in the course of the oxidation of va-
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nillic acid in washed cultures of bacteria. A similar phenomenon was observed
earlier in the oxidation of other aromatic substances in soil samples (K unc,
Macura 1966, Kunc 1971b).

I1I. The influence of previous incubation of soil suspension with glucose on the
oxygen consumption -for the oxidation of fulvenic acid. 2 ml of the suspension
of chernozem soil containing 0.5 g of air dried soil were enriched in individual
cases with 0.9 mg of glucose and 1 mg of fulvenic acid. Values of oxygen con-
sumption in variants without glucose were substracted. — VIiv predchozi inkubace
pudni suspense s glukdézou na spotrfebu kysliku k oxidaci kyseliny fulvenové.
Ke 2 ml suspense ¢ernozemé ve vodé cbsahujici 0,5 g na vzduchu vyschlé pudy
bylo pridavano v jednotlivych pripadech 0,9 mg glukézy a 1 mg kyseliny fulvenové.
Hodnoty spotieby Kkysliku u variant neobohacenych fulvenovou kyselinou byly
odecteny.

Oxygen consumption (111)

Time of soil suspension incubation

with fulvenic acid (houts) l Preincubated for 20 hours

‘ with water | with glucose

1 | 3 8
2 16
3 | 21
4 i 10 25
5 1 11 31
6 ; 13 36 l

The analyses of the number of bacteria in soil demonstrated that in the
variants enriched with glucose, an increase took place during three-day incu-
bation not only in the total number of bacteria but also in the relative propor-
tion of those organisms which were able to decompose and utilize vanillin as
the only source of carbon and energy (Table II1). For comparison, there are

III. Changes in bacterial counts in chernozem soil incubated 3 days with water,
glucose or vanillin. Organic substrates were added in concentrations equal to
0.72 mg C per 1 g of air dried soil. — Zmeény v poctech bakterii v ¢ernozemni
pudé inkubované 3 dny s vodou, glukézou nebo s vanilinem. Organické substraty
byly pridavany v mnozstvich odpovidajicich 0,72 mg C/g na vzduchu vyschlé ptdy

Numbers l Vanillin decomposers
of bacteria i [
108 | |

| 2 | %

Before incubation

11.6 l 0.8 { 7

After 3 days of incubation

Water 13.9 0.7 5
Glucose 33.2 4.0 13
Vanillin ‘ 31.4 21.7 68
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also data in the table, documenting a considerable overprofileration of specific
vanillin decomposers during the incubation of soil samples enriched with this
aromatic substance, i. e. under the conditions of selective accumulating culti-
vation. On the other hand, in variants incubated only with water, there was a
significant change neither in the total numbers of bacteria, nor in the proportion
of vanillin decomposers.

The results of the measurement of the course of oxygen consumption
for vanillic acid oxidation in the culture of the bacterium Cellulomonas sp. after
the ultrasonic disintegration of cell membranes indicated that the aromatic sub-
strate was oxidized at practically the same rate in the presence and absence of

IV. The influence of ultrasonic disintegration of bacterial cells (Cellulomonas sp.)
on the lag phase of oxygen uptake for the oxidation of vanillic acid in presence
or absence of glucose. Dry weight of bacteria was 4.1 mg. The initial amount of
vanillic acid in respiration vessel was 0.84 mg, that of glucose 0.36 mg. — Vliv
desintegrace bunék bakterie Cellulomonas sp. ultrazvukem na délku lag faze spotie-
by kysliku k oxidaci kyseliny vanilové v piitomnosti a nepritomnosti glukézy.
Vaha susiny bakterii byla 4,1 mg. Poc¢ateéni mnozstvi kyseliny vanilové v respiraéni
nadobce bylo 0,84 mg, glukdézy 0,36 mg.

Length of the lag phase
(hours)
Glucose Glucose
absent present
Intact cell suspension =5 1.5
Treated with ultrasound for
3 minutes ‘ 1.5 1.5

V. The influence of glucose and inhibi-
tors on the ratio of radioactivity in cells
and in the cultivation medium after 5
hours of decomposition of ¥COOH-vanillic
acid in washed cell suspension of Cellu-
lomonas sp. — VIliv glukdézy a inhibito-
rid na pomér radioaktivity v burkach
a v kultivaénim mediu po 5 hodinach
rozkladu “COQOH-vanilové kyseliny pro-
mytou suspensi bunék Cellulomonas sp.

Radioactivity
in cells
Radioactivity
in medium
a) Glucose absent 16.0 a) The initial vanillic acid concentration was
Glucose present 64.6 11./4 lpg/ml, and that of glucose was 180
b) Co_ntrol s v b) The initial vanillic acid concentration was
(without inhibitor) 47.0 g 357 pg/ml, and that of glucose was 95 p.g/ml
Anaerobiosis (argon) 0.9 in all variants ) )
a) Pocatetni koncentrace kyseliny vanilové byla
3 mM NaN, 0.4 11,4 pg/ml, glukézy 180 pg/ml.
0.5 mM b) Pocate¢ni koncentrace kyseliny vanil'ové byla
iodoacetamide 0.6 3§7 zglllml, glukozy 95 pg/ml ve vSech va-
riantach.
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glucose (Tab. IV). In intact cells, no vanillic acid oxidation occurred within
5 hours of incubation without glucose. These facts clearly indicate that glucose
can activate the processes of cellular transport mechanisms.

In the presence of glucose, there may be a considerable increase also in
the accumulation of carboxyl carbon from vanillic acid in the cells of bacteria
against concentration gradient (Tab. V). The data in the same table also show
that this stimulatory effect of glucose on the active accumulation of the radio-
activity of vanillic acid from the cultivation medium in the cells was eliminated
in the presence of metabolic inhibitors (sodium azide and iodoacetamide) or
during incubation in an argon atmosphere where oxygen was removed as a final
electron acceptor; hence this stimulatory effect may bear some relation with the
energetic conditions in the transport processes.

DISCUSSION

In a complex heterogeneous medium of soil, several microbial metabolic
processes take place at the same time. These processes may influence one ano-
ther. One of the important interactions of this type is the stimulation of the
decomposition of the components in the native soil organic matter in the pre-
sence of a source of carbon and energy available to the microorganisms involved
in the decomposition process.

In our trials, glucose was used as a carbon and energy source, due to its
general biological availability and to its central position in the metabolic systems
of microorganisms. The results prove that glucose can accelerate the microbial
decomposition of organic substances in soil or increase its intensity, as described
earlier by Jansson (1960), Macura et al. (1963, 1965), Szolnoki et
al. (1965). Furthermore, it was found that an analogical stimulatory effect took
place in the decomposition of the native soil organic material and its individual
components (fulvic acids, aromatic substances). Apparently, this follows from
the fact that the mentioned compounds are related not only in their chemical
composition (Kononova 1961) but also in their metabolic transformations
(Kunc, Lokhmacheva, Macura 1971). Hence it can be assumed that
a detailed explanation of the stimulation of decomposition in aromatic substan-
ces may provide experimental data for the explanation of its mechanism also
in more complex compounds of aromatic character such as humus substances
and, generally, in soil organic matter.

The mentioned results also demonstrate that the quantity of microorganisms
increases, as a rule, after the addition of glucose to soil, because the added car-
bon is utilized for the poduction of somatic material. Generally, the prolifera-
tion of microflora in itself, including the respective specific decomposers, can
contribute to an increased intensity of the decomposition of soil organic sub-
stances. It was found at the same time that, on the other hand, the proportion
of bacteria capable of decomposing and utilize vanillin as the only source of
carbon and energy increased in the samples enriched with glucose. Other results
suggest that the effect of glucose as a source of energy may contribute to the
increase of some microorganism groups resulting in the changes of the compo-
sition of the whole soil microbial population. It was demonstrated on the exam-
ple of vanillic acid, and explained in detail in another paper by the author of
this study (Kunec, Kotyk 1974), that the effect of glucose might manifest
itself as an energetic inactivation of systems connected with the membrane
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transport of aromatic substances from the medium to the cells of bacteria. Micro-
organisms, having the endoenzymes with which the aromatic substrate can come
in contact more easily and, consequently, be subject to further metabolism, may
be in an advantageous position in relation to other microorganisms.

It is probable that the possibility of influencing the transport and meta-
bolism of aromatic substances, and the related stimulation of the decomposition
of soil organic matter, are not restricted to glucose. Like in glucose, an accele-
rated oxidation of aromatic substances or an increase of the relative proportion
of soil bacteria capable of utilizing vanillin as the only carbon and energy sour-
ce were observed also in a number of other sugars, amino acids, and organic
acids (Durham, McPherson 1960, Kirkland, Durham 1965 a, b,
Kunc 1971b, Kunc, Kotyk 1974), and even in an undefined oxidable
substrate released in a soil sample from the organic fraction after irradiation
with gamma-rays (Kunc 1974). It can be assumed as well, that in the pre-
sence of an available carbon and energy source, similar mechanisms may play
their role in soil even when decomposition is stimulated, for instance in some
phenolic substances used for disinfection (Klarmann, Shternov, von
Wowern 1929), or in some aromatic pesticides (Matsumura, Boush
1967).
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KUNC F. (Mikrobiologicky ustav CSAV, Praha). Stimulaéni uéinek glukézy na mik-
robidlni rozklad nativni pudni organické hmoty. Rostlinna vyroba (Praha) 20 (8) :
: 853-860, 1974.

Byly zkoumany pri¢iny urychleni a zvyS$eni intenzity mikrobidlniho rozkladu na-
tivni pudni organické hmoty, humusovych frakei i aromatickych latek v pudée
i v promytych suspensich bakterii v pFitomnosti glukézy. Vysledky naznacuji, ze
tento jev, znamy jako ,priming efekt“, je zfejmé komplexni povahy a ze muze byt
dusledkem zmeén, k nimz dochazi jednak na urovni pudni mikrobni populace, jednak
na urovni bunky a jednotlivych metabolickych mechanismt. V prvnim pripadé muze
obohaceni pudy glukézou vést k celkovému pomnozeni mikroorganismu, pripadné
i k relativnimu zvySeni poéti rozklada¢i aromatickych latek; pridana glukédza je
vyuzivana jako zdroj uhliku. Piikladem druhé moznosti je vyuzivani glukézy jako
zdroje energie k aktivaci bunéénych membranovych transportnich mechanism,
umoznujicich rychlejs$i vstup aromatickych latek do bunék a jejich nasledny kon-
takt s katabolickymi endoenzymy.

mikrobiologické procesy v pudé; metabolické interakce; priming efekt; nativni pudni
organickd hmota; aromatické slouéeniny; glukéza

KYHI[ ®. (Muxkpo6uonornuecknit uecrutyr AH UCCP, IIpara). Cramynnpyiomjee neicrsue
CAIOKO3BI Ha MHKpOOHanbHOEe pasnoXeHHe HATHBHOrO NOYBEHHOTrO OpraHMdecKoro Bemecrsa. RosSt-
linna vyroba (Praha) 20 (8) : 853-860, 1974.

Wayyanyu NpUYMHLL yCKOPEHHs M YCHJEHHSA MHTeHCHMPUKAUMU MUKPOOHANBHOrO pAa3JIOKEHHA Ha-
THBHOTO NOYBEHHOTO OPraHYeCKOro BelllecTBa, I'yMYCHbIX (paKIuifi M apOMaTHUECKHX BEIIECTB Kak
¥ NOYBe, TAaK M B IPOMEITHIX CyCrieH3MsX OaKTepHi B TPHCYTCTBUH TIIIOKO3. PeaysbTarsl moka-
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3bIBAIOT, ‘YTO 3TO sBJEHWE, H3BeCTHOe NON HasBaHueM «priming efekt», mocur, ouesmamo,
KOMIUIEKCHBIM XapakTep M ABIAETCA pPe3yJbTaTOM M3MEHEHWH, IPOHCXONANIMX KaK Ha ypOBHe
[OYBEHHOM MHKDOGHOH MNOMyJNALMM, TaK M KJIETOK M OTHEJBHBIX MeTab0JHUeCKHX MexaHH3MOB.
B nepsoM cnyuae oforamjeHue NMOYBEI TIIOKO30H MOMKET NPMBECTH K OONeMy PasMHOMKEHHIO MHKpO-
OpraHMSMOB MJHM K OTHOCUTEJBHOMY POCTy KOJMYECTBA pAa3JOKUTeNeH apOMaTHUeCKHX BelIecTB;
nobaBjeHHas TJIOKO3a MCIOJNB3YEeTCA KaK HCTOYHMK asoTa. BO BTOPOM Ciydae TJIIOKO3a2 MOXKET
WCIOJNB30BATECA KAaK MCTOUHHK SHEPTUH IUIf AKTHBUPOBAHUs KJIETOYHHIX MeMOpaHHEIX TpaHCHOpT-
HBIX MEXaHHU3MOB, YCKODSIOIIMX INPOHHKHOBEHHE apOMAaTHUYECKMX BEIIECTB B KJIETKH M KX IOCJe-
LYIOI[MHA KOHTAKT C KaTabONHYeCKMMM SHIOPEepMeHTaMHu.

MHUKPOBHOJOrHYeCKHe TIIPOIeCcChl B I[O4Be; MeTabosmyecKue BaauMoeicTsus; priming  efekt;
HAaTHUBHOE IIOYBEHHOE OpraHWYecKOe BeNeCTBO; apOMaTHYeCKHe COeNMHEHHs; IJIOK03a

Adresa autora:

RNDr. FrantiSek Kunec, CSc., Mikrobiologicky ustav, Ceskoslovenskd akademie
véd, 142 20 Praha 4 - Kr¢, Budéjovicka 1083
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MICROBIOLOGICAL EVALUATION OF THE COURSE OF RIPENING
IN CRUSHED SOLID MUNICIPAL WASTES

F. LOBL, ALENA STIKOVA, J. VANA, JANA KOSATKOVA

LOBL F., STIKOVA A, VANA J., KOSATKOVA J. (Research Institutes for
Crop Production, Institute of Plant Nutrition, Praha-Ruzyné). Microbiological
Evaluation of the Course of Ripening in Crushed Solid Municipal Wastes.
Rostlinna vyroba (Praha) 20 (8) : 861-874, 1974.

The course of the ripening of composts, containing 34.5—77.5", of its raw-
material composition as crushed municipal wastes, was studied at the com-
posting plant of RaSelina, National Corporation, Vétini. The solid wastes used
for composting were selectively collected and used for composting either im-
mediately or after 3—6 months of storage at an organized landfill. The trials
demonstrated that fresh crushed municipal wastes could increase compost tem-
perature to 55.5—61.59C; this meets the requirement of the hygienic service
for the control of pathogenic germs. The best results were obtained in com-
posts containing varied raw materials with a 34.5 9, proportion of fresh crushed
municipal wastes which ripened not only at high temperatures (48.3—61.5°C)
but also with an increased microbial and biochemical conversion of organic
matter (basal respiration 10.45—19.23 mg CO2/100 g of dry matter’hour). It
follows from the general evaluation that the microbial and biochemical con-
version of organic substances contained in wastes must be considered as a long-
term process, and that biostabilization in the production of industrial composts
is an unnecessary luxurious measure.

compost ripening; compost temperature; crushed solid municipal wastes; se-
lective waste collection; waste landfilling

Solid municipal wastes are used for agricultural purposes in the production
of industrial composts. In a number of countries, technological trials concern,
in most cases, the processing of crushed solid municipal wastes as the only
raw material. On the other hand, the production of Vitahum under Czecho-
slovak conditions mostly uses natural sources and some industrial wastes. In
this study we treated the problems of the possibility of the use of crushed solid
municipal wastes in the raw-material composition of Vitahum. There were two
reasons for the use of these materials: the useful disposal of solid municipal
wastes used only to a limited degree at preseni, and the intensification of the
microbial and biochemical conversion of organic matter in the course of compost
ripening.

Our institute has performed a number of studies concerning the evaluation
of composts with crushed fresh municipal wastes (Lobl, Vadna, Stikova
1969, Lobl, Vana, Tovarova 1970, Lobl, Kosatkova 1970,
Lobl, Stikova 1970, Lobl, Vana 1971, Stikov4, Lobl, Ko-
satkova 1971, Lobl 1970, Stikova 1973).

It is possible to produce good-quality compost from fresh municipal wastes
in industrial composts with an addition of sump sludge (Groote 1957,
Rollé Orsanic 1964, Malek, Naguib, Giurgius 1968, Braun
1970 etc.). This was proved also by our studies (L6bl, Vana 1970, Lobl,
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Zobaé¢, Stikova 1970, Skarda, Zoba¢ 1970). Fresh municipal
wastes are advantageous for composting due to the fact that they increase tem-
perature in the course of compost heap ripening and make industrial composts
safe from the hygienic viewpoint (Farkasdi 1963, Strauch 1965,
Obrist 1967, Parrakova 1970, Parrdkova Miiller, Strauch
1970).

Evaluating the microbiological and biochemical changes in the course of
the ripening of composts with fresh crushed municipal wastes, we tried to
produce composts rich in organic matter (K a§ 1947) with an advantageous
composition of the substrate (Novak 1958, 1963, 1964, 1967, 1970) in
order to prepare optimum environmental conditions for the development of
microflora and to produce good-quality compost (Novak, Apfelthaler
1964).

MATERIAL AND METHODS

The course of fripening in composts from crushed municipal wastes was stu-
died at the experiment station of RasSelina, National Corp. Vétrni. Solid municipal
wasted were obtained by selective collection from 672 centrally heated flats with
2,272 inhabitants of Cesky Krumlov. Due to the fact that according to the tra-
ditional method, Vitahum is produced from screened material obtained at muni-
cipal landfill, we considered it useful to test also the effect of different length of
the landfilling of solid municipal wastes on the course of ripening in new-establi-
shed composts. For this purpose, collected municipal wastes were stored at landfills
separately for 3 and 6 moths. Approximately at the same time, fresh-collected
wastes and wastes from the landfills were crushed with a crusher having a 25-mm
grate bar (Fig. 1).

The following composts were produced from the crushed material:

Cox;l;prgst Collection time Time on landfill Raw material composition
P ! February (fresh municipal 77.5 °, crushed wastes
wastes) 8.5 °, inoculating compost
14.0 9, sewage sludge
N February (fresh municipal 34.5 9, crushed wastes
wastes) 21.5 °, spruce bark
L December 3 months 17.5 % peat
(preceding year) 8.5 9, inoculating compost
4.0 °, blast furnace dust
K Septem_ber 6 months 140 9 sewageshudge
| (preceding year)

Well-ripened Vitahum was used as the inoculating compost. Fertilizers were
added to all composts in the form of store dressing at the rates of 64.2 kg of P
(146 kg of P20s5), 278.9 kg of K (336 kg of K20), the over-all application rate being
30 tons per ha-1. &

When solid waste collection was finished, the rate of their production was
found to be 79.2 kg/inhabitant/year—1. The proportions of different types of wastes
in this over-all waste production were as follows: kitchen waste 15.2 ", paper
53.17 Y, textile 9.929,, ashes 7.36 %/, miscellaneous 14.29 9),. The average sample of
collected solid wastes contained 60.9 Y, of its solids as organic matter, 1.9", as N,
0.69 % as P (1.56 Y/, P20s), 0.82 9, as K (0.99 9, K20).

The samples were collected 1.2 m from the top of compost, and after homo-
genization they were transported in polystyrene refrigerator for analysing. The ana-
lyses were finished maximally within 6 hours from sample collection.
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1. A hammer crusher used for the pro-
cessing of solid town refuse. — Kladivo-
vy drti¢, pouzity ke zpracovani pevnych
meéstskych odpadu

Temperature was measured at the site of sample collection every day. In this
paper we indicate only the average temperatures (weekly). Dry matter, basal and
potential respiration were determined in the collected samples, according to Novak,
Apfelthaler, 1964. Mesophilic and thermophilic bacteria were studied on MPA, starch
and Thornton’s agar on agar plates, using the method of decinormal dilution. The
content of nutrients in ripe composts was determined by the current methods.

RESULTS

The composts under study vary not only in the percentual contents of raw
materials but also in their quality, from the viewpoint of microbiological de-
composability. These changes in the raw-material composition of different com-
posts correspond with the temperatures of ripening. (Table I). Composts P
containing 77.5 % of its volume as crushed solid municipal wastes reached the
maximum temperatures in the second week of ripening. This temperature showed
almost no increase after the first turning and after the second turning the tem-
perature slightly increased until the 8th week of ripening. Compost N in which
the proportion of crushed municipal wastes was 34.5 %, ripened at the highest
temperatures which increased after the first and second turning, in comparison

1. The changes of temperatures in °C in the composts under study (in average
values for a week of study). — Zmény teploty ve 9C u sledovanych komposti
(v prumeérnych hodnotédch za tyden sledovani)

g Weeks of ripening

g

S 1 2 3 4 5 6 7 8
P 412 | 555 | _ 331 | 357 | 382 | 39.9 | 426 | 463
N 483 | 615 | ¥ | 583 | 498 | ¥ | 514 | 571 | 584 | 59.1
L 202 | 275 _§ 239 | 232 é 225 | 271 | 313 | 325
K 185 241 & 265 | 270 | ® 308 | 322 | 331 | 384
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with the temperature before turning. Since both composts were enriched with
an 8.5 % proportion of ripe Vitahum as the inoculating material, these changes
in temperatures in the course of ripening might be influenced by the quality
of the substrate to a much higher degree than by the microflora contained in
or added to the compost.

The changes of temperatures in composts L and K suggest that substrate
quality (quality of the content of microbiologically decomposable organic sub-
stances) is actually the decisive factor underlying the course of ripening. Com-
posts L and K, like composts P and N, were enriched with ripe Vitahum as
the inoculating material at the rate of 8.5 %. Like composts N, they contained
34.5 % of their volume as crushed solid municipal wastes; the difference was
that the wastes were crushed only after 3 and 6 months of storage at land-
filling. During these 3 and 6 months, organic matter partially decomposed
which considerably influenced the temperatures of composts L and K. In the
course of ripening, the temperatures of composts L and K are very low and
differ only in their response to the first and second turning. The temperature
of compost L slightly decreases after turning, and that of compost K slightly
increases; this is apparent, in particular, in the 5th—8th month of ripening.

In the composts under study, the change of the raw-material composition
exerted a considerable influence on temperatures in the course of ripening and
thereby also on the microbiological and biochemical changes. The changes in
the proportions of mesophilic and thermophilic bacteria growing on MPA in
the course of ripening (Graph in Fig. 2) show some correlation with changes
in temperatures. The greatest multiplication of mesophilic and thermophilic
bacteria growing on MPA was reached in compost N in the first 24 days
of ripening; after this maximum, the quantity of mesophilic bacteria considerably
decreases, and the proportion of thermophilic bacteria remains at quite a high
level even after the mentioned decrease. A similar development of mesophilic
bacteria was obtained also in compost L; the proportion of thermophilic bacteria
showed a gradual increase with the time of ripening. In compost K, the pro-
portion of mesophilic bacteria varies considerably, the quantity of thermophilic
bacteria showing a high increase with the time of ripening. The lowest pro-
porticns of mesophilic and thermophilic bacteria were obtained in compost P.

The changes of the proportions of mesophilic and thermophilic bacteria
growing on starch agar (Graph in Fig. 3) are similar to those in bacteria growing
on MPA. The highest amount of mesophilic and thermophilic bacteria was
obtained within the first 10 days of ripening in compost N; however, a con-
siderable decrease followed in the subsequent days. The situation was similar
in compost K, with the only difference that in the period of the decrease of
the proportion of mesophilic bacteria, the thermophilic bacteria showed a consi-
derable rate of multiplication. The proportions of mesophilic and thermophilic
bacteria in compost L develop in the same way; however, the difference is that
the quantity of mesophilic bacteria is smaller, with a considerable decrease only
after 66 days of ripening and with a relatively high proportion of thermophilic
bacteria. Again, the smallest proportions of mesophilic and thermophilic bacteria
were obtained in compost P.

The mesophilic and thermophilic bacteria growing on Thornton's agar
(Graph in Fig. 4), show, again, a considerable multiplication at the beginning
of compost ripening (in compost N). The decrease of the quantity of meso-
philic bacteria started already on the 10th day of ripening, like in thermo-
philic bacteria; however, there is some difference: the quantity of mesophilic
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1I. Changes of basal respiration in mg of CO2/100 g d. m./hr. in the course of
compost ripening. — Zmény bazalni respirace v mg CO02/100 g su$/h v prubéhu
zrani jednotlivych kompostu

Time of ripening
Compost
3 ’ 10-17 | 24-31 | 38—52 | 5266 | 73-80
P 3.15 7.34 679 | 1097 261 | 1817
N 1615 | 1739 | 1045 | 1059 | 19.23 %
L 1534 | 2563 | 1817 | 2200 | 1008 | 1211
K 2286 | 1886 | 1754 | 1113 | 1216 | 1331

bacteria is maintained at the level of the decrease on the 10th day of ripening
throughout the ripening time. The highest multiplication of mesophilic, and
partially also thermophilic, bacteria was obtained in compost L. The proportion
of thermophilic bacteria showed a considerable increase with the decrease of
the proportion of mesophilic bacteria after 31 days of ripening. A similar, or
even greater, increase of the proportion of thermophilic bacteria can be observed
in compost K after a preceding relatively high proportion of mesophilic bacteria.
In compost P, the proportion of mesophilic bacteria is very low again; the
proportion of thermophilic bacteria is quite high at the beginning of ripening,
and despite a great decrease on the 17th and 52nd day they showed a gradual
decrease at the end of ripening.

The changes of temperatures in the course of ripening and the changes
in the proportions of mesophilic bacteria in the cultivation media under study
show some correlation with basal respiration (Table 1I), particularly when
composts P and N are compared. The high basal respiration in compost N shows
that in a more varied raw-material composition, the conversion of organic matter
takes place at a higher rate. Compost L and particularly compost K reach even
a higher basal respiration than compost N on some days of ripening. In this
case it must be borne in mind that the temperatures were low in the course
of ripening in composts L and K, and that the organic matter contained in the
solid municipal wastes was partly pre-decomposed at the landfill.

Relative respirations N :B, G:B and particularly NG:B (Graph in
Fig. 5) illustrate very clearly the extent of- the conversion of organic matter
during the process of ripening. The highest relative respiration N : B, indicating
the lack of physiologically available nitrogen, is obtained in compost N in the
first 3 days of ripening. However, in the samples of composts N and L collected
later, and in the samples of compost P collected at the beginning of ripening,
the relative N : B respiration is very close to 1.0; this indicates the insufficiency
of physiologically available nitrogen. In compost K, the lack of physiologically
available nitrogen manifests itself throughout the time of ripening, and in
compost P, in part, it manifests itself partially also at the end of ripening.

The relative G : B respiration, characterizing the activity of the microflora
and at the same time also the ability to utilize readily available carbon sources,
proves some of the relations between microflora and the substrate, as mentioned
above. At the beginning of the ripening process, composts N and L show a high
microflora activity; on the other hand, they suffer from a lack of readily
available organic substances. In the course of the ripening of compost N, the .
activity of microflora gradually decreases and in compost L it is maintained
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approximately at the same level. On the other hand, in compost K the activity
of microflora increases during the ripening process, and the insufficiency of
readily decomposable substances increases at the same time. In compost P, the
course of ripening is characterized by the lowest activity of microflora which
increases only very slightly at the end of the ripening process, after a decrease
on the 31st day of ripening.

Since the highest relative respiration N :B was found in the course of
ripening in compost K, and relative respiration G :B increased at the end of
ripening, it may be possible to judge that the stability of organic substances
shows an increase. This is proved also by relative NG : B respiration.

The relative respiration NG : B of composts N and L was higher than in
compost K at the beginning of ripening; in the course of ripening it changes
in compost N whereas in compost L it is maintained at the same level. The
highest relative respiration NG : B was reached at the beginning cf the ripening
of compost P; however, this respiration showed a considerable decrease after
the 31st day. At the same time, the high relative respiration of compost P at
the beginning of the ripening process indicates that organic substances are at
a high level of stability. The decomposition of these stable (hard to decompose)
organics increased with the use of different raw materials. Even despite this
increased relative respiration NG : B of compost N, it can be considered that
a compost ripening period longer than 52 days will be necessary. The probable
necessity of an extension of the length of ripening is indicated by the relative
respiration NG : B in compost L (material stored at landfill for 3 months)
and in compost K (material stored at landfill for 6 months). Although the
relative respiration NG : B suggests that there is an increasing trend in the
stability of organics, it must be borne in mind that composts K and L did not
reach a temperature higher than 55—60°C in the course of ripening (these
temperatures represent the basic hygienic requirement for the composition of
solid municipal wastes). 1f this basic hygienic requirement is to be met and
sufficient intensity of the conversion of organic matter during the composting
of crushed solid municipal wastes is to be maintained, the ripening time should
be extended.

DISCUSSION

The objective of the trial was to find the effect of crushed solid municipal
wastes on the course of compost ripening. The changes in temperature prove
that fresh crushed municipal wastes can increase temperature so that the re-
quirement of the hygienic service for the control of pathogenic organisms is met.

An increase in the proportion ol crushed wastes in the raw-material com-
position (compost P) reduces the period of the high temperatures, and at the
same time ‘it decreases the rate of the microbial and biochemical conversion
of organic matter contained in the compost. Compost N, having a more varied
raw-material composition, ripened at high temperature with an increased rate
of the microbial and biochemical conversion of organic matter. The composts
(L and K) from crushed wastes previously stored at landfill ripened at the
lowest temperature and with quite a high microbial and biochemical conversion
of organic matter.

The solid municipal wastes pre-decomposed at landfill were characterized
by the highest increase of the stability of organic matter, as expressed by re-
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lative respiration NG:B (Novak, Apfelthaler 1964). The changes
of relative respiration NG : B in composts P, N and L indicate that the increase
of the stability of organic substances in the course of ripening shows a cyclical
variation.

Due to the fact that the composts ripened under aerobic conditions (N o -
vak 1958, 1971a, b), it was possible to ascribe these changes of relative
respiration NG : B to the different temperatures during the ripening process.
(Franklova, Novak 1967). These different temperatures are related
also with changes in mesophilic (K 4§ 1947, Novak 1971lc) as well as
thermophilic microflora (K 4§ 1947), which are, apparently, responsible for
the cyclical variation in the stability of organic substances. .

It can be inferred from the results that the conversion of the organic
substances contained in solid municipal wastes must be considered as a long-term
microbial and biochemical process. The results also prove that the use of bio-
stabilization in the production of composts is an excessive technological measure
because in a well-prepared compost not only the required temperatures are
generated, but organic matter is gradually converted at a higher quality level
at the same time.
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14, 11, 1973

LOBL F., STIKOVA A, VANA J., KOSATKOVA J. (Ustav vyzivy rostlin, VURV,
Praha-Ruzyné). Mikrobiologické hodnoceni prubéhu zrani kompostu z drcenych pev-
nych domovnich odpadu. Rostlinna vyroba (Praha) 20 (8) : 861-874, 1974.

Na kompostarné n. p. RaSelina ve Vétrni byl sledovan prubéh zrani kompostu
s 34,5—171,59, zastoupenim drcenych méstskych odpadu v surovinové skladbé, Kom-
posty byly zalozeny ze selektivné svazenych pevnych domacich odpadi bezpro-
stiredné po svozu nebo po 3—6 meési¢nim skladkovani na organizované skladce. Bylo
potvrzeno, ze Cerstvymi drcenymi domovnimi odpady je mozno zvysit teplotu kom-
postu na 55,5—61,5°%C, &mZ je dosaZeno pozadavku hygienikt z hlediska likvidace
patogennich zarodku. Nejlépe se osvédéila pestra surovinova skladba pri 34,57, za-
stoupeni cerstvych drcenych domovnich odpadu, ktera zrala nejen pii vysokych
teplotach (48,3—61,59C), ale za souc¢asného zvySeni mikrobialni a biochemické pie-
meény organické hmoty (bazalni respirace 10,45—19,23 mg CO2/100 g su$iny hod.).
Z celkového hodnoceni vyplyva, Ze proces mikrobidlni a biochemické premény or-
ganickych latek obsazenych v odpadech je nutno povazovat za dlouhodoby a bio-
stabilizaci piii vyrobé prumyslovych kompostlt za luxusni opatieni.

zrani kompostl; teplota kompostu: drcené pevné domovni odpady; selektivni svoz
odpadu; skladkovani odpadua

ROSTLINNA VYROBA - 1974 873



JEBJ @., IITUKOBA A., BAHA WM. KOIIATKOBA WM. (MHCTMTYT NMTAaHHMA pACTEHHI,
HHUHWP, Tlpara-Pyssine). Mukpobuonornueckas OIeHKAa XONa IIOCHEBAHHA KOMIIOCTOB M3 H3MeNb-

geHHBIX TBepablx orbpocoB. Rostlinna vyroba (Praha) 20 (8) : 861-874, 1974.

B xomnocrHoM mnpeanpusTtuu Pamenuna B BerpkHe mu3yyanm XoI INOCNeBaHMs KOMIIOCTOB, CO-
nepxamnx 34,5—77,5Y/, uaMenpueHHBIX TOPOACKMX OTOGPOCOE B CHIPHEBOM cocTaBe. KoMnocrsi
COCTABAANM U3 CeNEeKTUBHBIX TBEPIbIX OBITOBRIX OTGPOCOB HENOCPENCTBEHHO TIIOCJAE CBO3Aa MM
cnyers 3—6 MecalleB xpaHeHHsA Ha cBajke., IlonTBep)KmeHO, YTO 3TH OTOPOCHI IOBLINIAIT TEM-
nepatypy kommnocta 1o 55,5—61,50C, uto ynosnersopser TpefoBaHME CaHMTapHBIX pPaBOTHHKOB
JNMKBUIALMYE TATOTEHHBIX 3aponbimeii. Jlyume Bcero cebst ONMpaBIBIBAeT PasHOOGPA3HEINA CHIPHEBOM
cocrap npu 34,50/, comepxaHMM CBEXMX M3MEJBUEHHBIX OBITOBHIX OT6POCOB, TNOCHEBAKUIMIT He
107BKO B ycnoBMAX Bhicokmx Temneparyp (48,3—61,50C), no u onHOBpeMeHHOro noBhILEHMA
MUKpPOOUANbHOTO M GHOXMMHMYECKOrO NpeBpallleHHs OpraHHYecKoro BeliecrBa (6asanbHas pecnu-
pauus 10,45—19,23 mr CO2/100 r cyxoro semecrsa/uac). OOfmas OleHKa TOKa3bBaeT, 4YTO
1polece MUKpo6ManbHOro ¥ GHOXMMHYECKOIrO IpeBpalleHHs OPTaHWUYECKUX BEUIeCTB OTXONOB CJe-
AyeT CYUTaTh IJIHTEJbHBHIM, a OHOCTAaGMIM3AaLMI0 TPH TNPOM3BOACTBE TPOMBINLIEHHBIX KOMIIOCTOB
— IIOpPOTOCTOANIMM MEpONPUATHEM.

nocrieBaHue KOMIIOCTOB; TeMIlepaTypa KOMIOCTa; H3MEJbUYEHHBIE TBEpPIbIC 6BITOBBIE OTXOIBI; Ce-
JEeKTUBHLIM CBO3 OTXOJ0B; XpaHEHHEe OTXOIOB Ha CBaJIKax e
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BIOLOGICAL SOIL ACTIVITY EVALUATED BY MEANS
OF THE CELLULOLYTIC TEST

Jaroslava POKORNA-KOZOVA

POKORNA-KOZOVA J. (Research Institutes for Crop Production, Institute of
Plant Nutrition, Praha-Ruzyné). Biological Soil Activity Evaluated by Means
of the Cellulolytic Test. Rostlinna vyroba (Praha) 20 (8) : 875-882, 1974.

A two-crop rotation was fertilized systematically with organic and mineral
fertilizers. In all variants of fertilizing also plots of black fallow were included.
For the evaluation of the biological activity of the soil the cellulolytic test
was applied. The Cg value indicates the decomposability of cellulose by the
complex soil microflora. The Cx value indicates the potential ability of the
microflora to decompose cellulose after the addition of mineral nitrogen. It was
found that the decomposition of cellulose by the complex soil microflora is
higher in the case of all examined fallow variants, both fertilized with farm-
yard manure alone with NPK-fertilizers added. On fallow plots more
marked differences were found to exist between the different variants of fer-
tilization than on plot with plants. There appeared a distinct effect after the
application of mineral fertilizers with simultaneous organic manures, which in-
creased the intensity of the decomposition of cellulose. It was found that the
greater the potential activity of the cellulolytic microflora, the greater the
possibility of rapid changes of the organic matter supplied into the soil. The
organic manures that had been regularly put into the soil (manure, compost,
straw, and liquid manure) increased the intensity of the microbial decompo-
sition in the soil.

organic matter; decomposition of cellulose; organic fertilizers; mineral fertili-
Zers

Agricultural soil is being utilized to a constantly increasing extent. How-
ever, at the same time it is necessary to secure systematically a constant increas-
ing of its potential fertility and production capacities. This aim can be reached
by means of an appropriate regulation of microbial processes, in which both
the microflora and the microfauna participate (Swaby 1968, Kleinhem -
pel et-al 1971, Mishustin 1972, Pannikov 1972, Edwards,
Lofty 1973 et al.). These microbial processes must be examined minutely
and their concrete qualitative significance for soil fertility must be determined.

Among the processes playing a decisive part in the forming of the soil
fertility, of greatest importance is the transformation of the organic matter in
the soil (K435 1966, Alexander 1968, Burges 1968, Reese 1968,
Unger 1968, Waksman 1968, Mulder et al. 1969, Ambrozova
1970, Nieschlag 1970, Beckett, Webster 1971, Gray 1971,
Kononova 1972, Novak 1973 etc.).

The organic matter in the soil can be regulated most effectively by means
of fertilizing. In spite of the large quantity of experimental data (Muller
1965, 1966, Scharf 1967, Minjenko 1968, Pedan and Nezha-
kova 1968, Asmus 1970, Shevcova and Sizova 1970 etc.), how-
ever, it has not been possible up to now to answer quite clearly the question as
to how the different fertilization measures will appear under concrete conditions.
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Hitherto the effect of a long-term acting of fertilizers on the biological processes
of the soil has not been determined to a sufficient extent. The method of long-
-term experiments is a suitable means for the determining of changes in the soil,
which, in the case of short-term experiments, are not always distinctly visible
(Novak etal. 1964, Pokorna-Kozova and Novak 1973).

The aim of our investigation is the determination of the possibility of an
indication of the desirable trends of the transformation of organic matter in
the case of an application both of classical and prospective forms of farmyard
manures on the basis of biochemical activity of soil microorganisms.

This submitted paper deals only with some of the aspects of this problem,
especially with the cellulolytic activity of the microflora in the case of differently
fertilized soil.

MATERIAL AND METHODS

In a model, two-crop rotation of a long-term fertilization experiment establi-
shed in the year 1955 (Novak et al. 1963, Skarda 1964) and modified in the
year 1965 ($karda 1971) two crops alternated; sugar-beet and spring wheat. In
every field the total number of plots amounts to 192. The included variants were
repeated four times. Simultaneously both sown plots and fallow plots are being
investigated.

Investigated variants:

no fertilized with organic or mineral fertilizers

mineral fertilization with N4P2K2

fertilized with farmyard manure

fertilized with farmyard manure and, simultaneously, with minerals N4P2K:
fertilized with compost )
fertilized with compost and, simultaneously, with minerals N4P2K2

fertilized with straw and liquid manure of cattle

fertilized with straw and, simultaneously, with minerals N4P2K2

D= U W

The doses of manures are converted into equivalent quantities of 30 t.ha-!
of fresh farmyard manure and are applied to sugar-beet. The farmyard manure is
ploughed-in in autumn after storing in ]blocks for a time of 6 months. Compost is
distributed before the sowing of the sugar-beet. It is prepared from farmyard
manure and earth at a ratio of 10 :1, ripened for a time of 6 months (turned over
twice). After the harvesting of the wheat straw in a dose of 6 t.ha-! is cut up,
blown over the field, and dug in. On the skimmed plot 70 cu. m. . ha-! of liquid
manure of cattle are sprayed and ploughed in. The straw with the mineral fertili-
zation is ploughed in together with one half of the balancing dose of nitrogen (30 kg
of N in ammonium sulphate), the remaining dose, also in ammonium sulphate, is
applied in spring. ;

Phosphoric (80 kg of P.ha-1) and potassic (120 kg of P.ha-1) fertilizers are
applied only to sugar-beet. In the fertilizing of sugar-beet nitrogenous fertilizers
(200 kg of N.ha-1) are divided into two doses, and that before sowing and after
singling. To wheat a single complementary fertilization with nitrogen is applied at
the time of shooting (60 kg of N.ha-1).

Soil samples of the respective examined variants were analyzed in the course
of the year three times, and that before the sowing, at the time of a maximum ex-
hausting of nutrients, and after the harvest. The samples were taken from a depth
of 0—25 cm so that, at the proximity of the locality of the previous taking, no fur-
ther sample should be taken. From the freshly taken soil samples fine earth was
prepared by means of a screening through a 2 mm sieve. .

The main attention was paid to the determination of the basic processes taking
place in the soil compared with the potential processes of the same character ob-
tained by means of the cellulolytic test.
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By means of the cellulolytic test the activity of the complex cellulolytic
microflora in the soil samples in the following performance of the test was deter-
mined. and symbols were used with an index denoting the time of incubation during
the day at a standard incubation temperature of 28 9C.

Cg(14y — The intensity of the decomposition of cellulose in the non-enriched soil
sample
Cx(13) — the intensity of the decomposition of cellulose in the soil sample enriched

with mineral nitrogen (Pokorna - Kozova 1965).

RESULTS AND DISCUSSION

Into the soil of organically fertilized plots of the model crop rotation
5.2 t.ha"" of dry organic matter are added every second year. This increases
the quantity of substances that are difficult to decompose in the soil, particularly
of cellulose. This forms the largest part of the organic matter that find access
to the soil by means of fertilization with farmyard manures. We based our
estimation of the effectiveness of the applied farmyard manures in the soil on
this considerable preportion of cellulose. We interpreted the transformation of
organic matter by means of the average values of the quantity cf decomposed
cellulose (of the vegetation period of the year 1972) during the incubation by
the complex soil microflora.

The intensity of the decomposition of cellulose in the soil samples of black
fallow with different organic fertilization is shown in Fig. 1. The highest degree
of deccmpositicn of cellulose was found in variants fertilized with straw and,
simultanecusly, with liquid manure of cattle. Comparison of the values obtained
in non-fertilized plots with plots fertilized with straw and liquid manure of
cattle shows an increasing of the quantity of decomposed cellulose by 43.09 per
cent, with plots fertilized with solid manure by 20.02 per cent, and with plots
fertilized with compost by 8.65 per cent. Complementary fertilization with mi-
nerals c¢f crganically fertilized plots increased the quantity of decomposed cellu-
lose in all cases, but differently. On plots fertilized with farmyard manure
and mineral fertilizers increased the decomposition of cellulose by 13.20 per
cent, and with compost by 18.12 per cent. In soil samples of plots fertilized
with straw and mineral fertilizers there aopeared a lowering of the decomposition
cf cellulese by 5.21 per cent compared with the variants that had been fertilized
with farmyard manure and also with straw and liquid manure of cattle. With
all forms of the applied farmyard manu-es the same quantity of carbon was
supplied into the soil. The different forms of these fertilizers differ from one
another with the proportion of polysaccharides and with their degree of de-
gradation. This was shown also in the ceilulolytic test. A maximum decom-
position of cellulose was ascertained in the variants fertilized with straw and
liquid manure, i. e. in the variants with the highest content of cellulose,
and a minimum decomposition was ascertained in the variants fertilized with
compost, where the proportion of cellulose in the investigation farmyard manures
is the smallest.

The cellulolytic microflora of the organically fertilized plots reacts with
an increased metabolic activity to the supplements of nitrogen in the cellulo-
lytic test (Fig. 2). The microflora of plots without any organic fertilization
reacts least strongly to the added nitrogen. The potential capacity of the micro-
flora reaches higher values in soil samples from plots with only organic fer-
tilization than are those obtained in soil samples from plots with simultaneous
mineral supplementary fertilization.
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The values obtained in the cellulolytical test Cg(1sy and Cy14) showed that
the decomposition of cellulose is influenced by the organic substances that have
been, in different form, regularly worked into the soil. The intensity of the
decomposition of cellulose was shown in the following order: fertilized with
compost < fertilized with farmyard manure < fertilized with straw and mineral
fertilizers < fertilized with straw and, simultaneously, with liquid manure of
cattle.

On the hand of the results of the intensity of the decomposition of cellulose
by the complex -cellulolytic microflora in the soil samples of black fallow
fertilized differently with organic fertilizers, it has been shown that a regulation
of the microbial transformations of the organic matter in the soil by means
of farmyard manures is possible. The thorough examination of the samples
of black fallow is a more profound investigation and complementation of
earlier findings, enabling us to estimate the acting of organic fertilizers without
any influence of plants only to a limited extent, and that before the vegetation
pericd (Novak et al. 1964).

In the evaluating of the effect of fertilization on the soil microflora we
distinguish between the primary acting, i. e. of manures alone on black fallow,
and the secondary acting, i. e. the complex acting of fertilizing and of plants
atfected by fertilization in agriculturally utilized soils.

The intensity of the decomposition of cellulose, influenced by the primary
and secondary acting of manures, has been illustrated in Fig. 3, where the
average values of the decomposition of cellulose in the soil samples of plots
sown with spring wheat and sugar-beet during the period of incubation have
been recorded. It was found that in all variants the cellulolytic activity of soil
samples of plots of agriculturally utilized soils is lower than is the cellulo-
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iytic activity in soil samples from black fallow. On plots that had been
fertilized with compost the quantity of decomposed cellulose decreased by
6.54 per cent, with farmyard manure by 16.71 per cent, and with straw and
liquid manure by 30.98 per cent. A lowering of the cellulolytic activity
appeared also in the variants that had been fertilized simultaneously with
mineral fertilizers. It was proved that in the scil samples with plants the
differences between the different variants are smaller than they are on non-sown
plots.

The potential cellulolytic activity of the microflora (Cy(1s)) was shown
by a higher percentage of the decomposed cellulose in the individual variants
influenced by the complex acting of manures compared with the actual decom-
position of the cellulose (Cg(14)) in all organic fertilized variants (Fig. 4). Com-
parison of the values of the basal and potential capacity of the cellulolytic
microfiora to decompose cellulose has shown that the difference of these values
is larger in scil samples from plots that had been sown than from samples
that had nct been sown. The lowering of the intensity of the decomposition
of cellulcse caused by plants can be explained as being caused by the fact
that the plant, in the forming of cellular membranes (which, in the initial stage
of the development of plants, consist almost only of cellulose) prevents the
production of exudates of the decomposing activity of the cellulolytic micro-
flera. The inhibitory effect of plants appears also in the further course of
vegetation up to the harvesting. After the ploughing-in of the after-harvest
residua the effect of the plants was no longer so distinct. This explanation was
confirmed also by Sobieszczanski (1968).

In the system of long-term fertilization with organic [ertilizers the cellu-
lolytic activity of the complex cellulolytic microflora is differentiated. The
decomposition of cellulose takes place simultaneously on plots of black fallow
and on cultivated plots, but with a changing intensity.
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14. 11. 1973

POKORNA-KOZOVA J. (Ustav vyzivy rostlin, VURV, Praha-Ruzyné). Biologickd
alctivita pudy hodnocend celulolytickym testem. Rostlinna vyroba (Praha) 20 (8):
1 875-882, 1974.

Dvouhonny osevni postup byl systematicky hnojen organickymi i mineralnimi hno-
jivy. Do vSech variant hnojeni byly za¢lenény i parcely ¢erného uthoru. K hodnoceni
biologické aktivity pudy byl pouzit celulolyticky test. Hodnota Cg indikuje rozlozi-
telnost celulézy komplexni pidni mikrofléorou. Hodnota Cx indikuje potencialni
schopnost mikrofléry rozkladat celulézu po pridani minerdlniho dusiku. Bylo zjis-
téno. ze rozklad celuldézy komplexni ptdni mikroflérou je vyssi u vsech sledova-
nych variant uhorovych, hnojenych jak samotnymi statkovymi hnojivy, tak prihno-
jenych NPK mineralnimi hnojivy. Na uthorovych parcelach byly zjiStény vyraz-
néjsi rozdily mezi jednotlivymi variantami hnojeni nez na parcelach s rostlinami.
Projevil se vyrazny vliv mineralniho pfihnojeni pii sou¢asném organickém hnojent,
ktery zvysil intenzitu rozkladu celulézy. Ukdazalo se, ze ¢im vétSi je potencialni akti-
vita celulolytické mikrofléry, tim je vétsi moznost rychlych premén dodanych orga-
nickych latek do pudy. Organicka hnojiva, kterd byla pravidelné vnaSena do pudy
(hnaj, kompost, slama s kejdou), zvysila intenzitu mikrobidlniho rozkladu celulézy
v pudé.

organicka hmota; rozklad celuldzy; organicka hnojiva; mineralni hnojiva

[IOKOPHA-KO30BA M. (Mucrutyr uuraius pacrenwii, HWHUP, Ilpara-Pyssime). Buonoru-
YCCKaA AKTHBHOCTH IIOYBBI, OlleHHBaeMas C TOMOLIBIO LeXNIONOXHTHUecKoro tecra. Rostlinna

vyroba (Praha) 20 (8) : 875-882, 1974.

[BynonpHbIif ceBOOGOPOT CHCTEMATHUECKH YHOGPANM OpPraHMYeCKMMM H MHUHEPaJbHLIMU yLObpe-
HuaMu. Bo Bce BapuaHTEl ynOOpeHMs BKIIOMMIM M NeJNAHKH uepHoro mapa. Jis oueHkn 6uo-
JOrMYeCKOH aKTUBHOCTH IIOYBBI MCIIOJbIOBAJIH IIEJIONOJMTHYeCKH TecT. Benuuuna Cp moxassi-
BAET pPas3naraeMOCTh LEJIIJI036 KOMIUIEKCHOH MuKpodaops mouss, a CN — mNOTeHIHAJIBHYIO
Croco6HOCTE MHUKPOPJIOPHEI pasdjaraTh LeJUIog08y mocie no6aBKM MUHepajbHOTO asora. YcTa-
HOBJIEHO, YTO IeJLII0JIO3a pasJjiaTaeTcs ION BJIMAHMEM KOMIUIEKCHOW MHUKPOPIOpE! mouBbl B 601B-
mweif Mepe BO BCeX BAapWaHTaX Ha Iapy, yHOOpAeMBIX KaK ONHMM JHUIIb HaBO30OM, TaK M C IOXL-
kopmkoit NPK mMunepaneesiMu ynobpeHusmu. Ha mnapy pasiaduus MexIy BapHaHTaMu ymobpe-
HuA Gosee 3aMeTHbI, 4eM Ha IeJfAHKAX C pacTeHHAMH. MuHepaJbHas NOLKOPDMKa BMeCTe C Opra-
I'HYeCKUM yIOOpeHHeM IOBLIAIT WHTEHCHBHOCTh PA3JOKEHMs IeJT0N03bl. UeM Bbille IOTeH-
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UHanbHasg AKTMBHOCTh LIEJLIONOJMTHAYECKOH MHUKpPO(IOPEl, TeM Goibllle BOSMOKHOCTE OHICTPEIX
IpeBpallleHMi BHECEHHBIX B TOuBy BellecTB. OpraHudecKue yHOOpeHMs, DPEryJApHO BHOCHMEIE
P 1o4By (HaBO3, KOMIIOCT, COJOMa C KeHIOi#), IIOBHINIAIOT HWHTEHCHBHOCTP MMKPOOMAJBHOTO pas-
JIOKEHHA IIEJIOJIO3EL B IIOYBE.

OpraHu4YecKas MaccCa; pasJjIOKE€HHe LEeJJI0JIO3bl; OpraHudYecKHe leOGPCHKl; MHHEepaJbHbIE ynoﬁpe-
HHA
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THE EFFECTIVENESS OF LIQUID MANURE OF CATTLE AND PIGS
WITH PLOUGHED-IN STRAW IN THE CROP ROTATION

M. SKARDA

SKARDA M. (Research Institutes for Crop Production, Institute for Plant Nutri-
tion, Praha-Ruzyné). The Effectiveness of the Liquid Manure of Cattle and Pigs
with Ploughed-in Straw in the Crop Rotation. Rostlinna vyroba (Praha) 20 (8) :
883-894, 1974.

In the years 1968—1972, in a crop rotation with 50 per cent of cereals on gray-
brown podzolic and brown forest soil, we proved that, as regards the effect on
an enriching of the soil with organic substances, on an increasing of the gross
production, on the productivity of the supplied N, and on the economic effect-
iveness of costs, an average annual dose of 14—20 tons of liquid manure per
hectare together with 13—16 tons ha—! of ploughed-in straw can substitute 10—
15 t ha-1! of manure if applied alone and with mineral fertilization. Com-
pared with manure, liquid manure with straw increased gross production on
gray-brown podzolic soil on an average by 2 per cent, and on brown forest soil
by 10 per cent. Liquid manure with straw increases the effectiveness of mineral
fertilizers up to a dose of 100 kg N + PK ha-! on gray-brown podzolic soil and
up to a dose of 65 kg N + PK ha-! on brown forest soil. The applied doses of
liquid manure with straw enriched the soil in the annual average by 2.4—3.2 t
ha-! (manure by 1.8—2.0 t ha-1) of organic substances. )

crop rotation: gray-brown podzolic soil; brown forest soil; manure; liquid ma-
nure of cattle; liquid manure of pigs; straw; gross production; productivity of
supplied N; economic effectiveness of costs; organic matter; mineral fertilizers

Co-operation in crop production establishes suitable pre-conditions for the
building up of centralized centres of animal production with a high concentration
of animals. Besides the normal, economical, and also deep litter, in a pre-
dominant majority of the adapted or newly built animal houses animals are
kept without any litter for the production of liquid manure.

At the present time the production ol liquid manure of cattle, pigs, and
poultry is comparatively small. It constitutes only 3 per cent of the production
of manure, both solid and liquid. However, how many new problems are
connected already now with this refuse of animal production. The need for
their earliest possible solution is supported by the fact that, according to the
prospects in the various districts, the production of liquid manure will increase
in the course of ten years to 18 per cent of the production of classic farmyard
manures (Skarda 1973).

For the sake of a systematiic increasing of agricultural production it is
necessary to make the most effective use of this large quantity of liquid manure
with a high fertilizing value and not to admit any liquidation of these values
in the open circulation of substances (Skarda 1973). Of the various
technological procedures of the working of liquid manure that are being checked,
direct application of homogenized, undiluted liquid manure in crop production
is, for the time being, the most rational method of its utilization Schme -
ler 1972, 1973, Skarda, Jelinek, Zelena 1973).

Besides the application of liquid manure alone the joint fertilization with
liquid manure and straw is a prospective fertilization measure (Schechtner
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1967, Schmid 1969, Sladovnik, Radéj 1970, Koriath 1970,
Skarda 1971, Asmus, Lange, Specht 1971, Segefova 1971,
Koriath, Asmus, Lange 1972a, b), which need be checked also under
the conditions of this country.

CHARACTERISTIC OF THE ENVIRONMENT AND THE METHODS APPLIED
IN THE EXPERIMENT

A. Locality

For an evaluation of the effect of the liquid manure of cattle and pigs with
ploughed-in straw and with gradated mineral fertilization on the increasing of gross
production in the crop rotation we performed, in this work, 3 field experiments,
established at sites of the Research Institute of Crop Production in Praha-Ruzyné
under two differing conditions of soil and climate.

Gray-brown podzolic soil in the beet-barley production type (GBPS — Praha-
Ruzyné); from clayey-loamy to loamy-clayey soil; values in Orf: 7.0 pH
KCIl-1, 66 mg P.1000 g—1, 188 mg K.1000 g-1, 0.3 per cent CaCOs3, humus content
1.29 per cent. Cox; average annual atmospheric precipitations 400 mm, average an-
nual temperature 7.8°C; altitude above SML 340 m.

Brown forest soil in the potato-rye production type (BFS - Nova Ves): sandy
to sandy-loamy soil; values in Orf: 52 pH KCl-1, 14 mg P.1000 g-1, 130 mg K.
.1000 g—1, 0 per cent CaCOs, humus content 1.46 per cent Cox; average annual atmo-
spheric precipitations 593 mm, average annual temperature 7.1°9C; altitude above
SML 490 m..

B. Crop rotations

Crop rotation I on GBPS (two partial experiments): 50 per cent of root
crops (sugar-beet), 50 per cent of cereals (summer wheat) — 1970—1972.

Crop rotation II on BFS (one partial experiment): 50 per cent of cereals
(oats, winter rye), 25 per cent of root-crops (potatoes), 25 per cent of perennial fod-
ders (clover-grass) — 1968 —1971.

C. Variants of fertilization and fertilizer doses

GBPS: Variants of fertilization (four times repeated):

a) organic: O (check), FM (farmyard manure), LMC (liquid manure of cattle) + St (straw)
b) mineral: O, P,K,, N;P,K;, N,P,K,, N;P;K;, N,P,K,

Fertilizer doses (annual average)

a) manure: .
FM — 10.2tha! = 1.8 t org. subst. ha-1 57 kg N, 15 kg P, 63 kg K ha~!
= -1
LMC — 200tha”) _ 32 torg. subst. ha' 99 kg N, 15 kg P, 80 kg K ha-!
U - .

b) mineral fertilizers:

N, — 40 kg, N, = 70 kg, N; = 100 kg, N, = 130 kg ha-!
P, — 9kg, P, — 18kg, P, — 27kgha!
K, = 25kg, K, = 50kg, K; = 75 kg ha1

BFS: Variants of fertilization (four times repeated)

a) organic: O, FM, LMP (liquid manure of pigs) + St
mineral: O, P,K,, N;P,K;, N,P,K,, N;P;K;3, N,P,K,

Fertilizer doses (annual average):

a) manure:
FM — 15.0tha! = 2.0 t org. subst. ha=1 59 kg N, 22 kg P, 66 kg K ha-!
— -1
I-ll—l\g: — llllg : E:-l = 2.4 torg. subst. ha ! 35 kg N, 12 kg P, 29 kg K ha!
b) mineral fertilizers:
21 kg, N, = 42 kg, N; = 64 kg, N; = 85 kg ha~!
10 kg, P, = 21 kg, P, = 31 kgha!
K, = 32 kg, K, = 62 kg, K; = 93 kg ha!

I
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D, Pertilizing

In these experiments we fertilize with farmyard manures only root-crops, on
GBPS without any perennial fodder crops every second and on BFS with perennial
fodder crops every fourth year. The short-cut straw (St) is distributed equaly over
the stubble-field and skimmed. In October we spread liquid manure of cattle and
pigs (LMC and LMP) over the treated stubble field and plough it in at the same
time as the manure (FM) deposited in blocks for 6 months.

On BFS we applied phosphoric and potassic fertilizers every year in spring, on
GBPS as a pre-supply in autumn below sugar-beet and for summer wheat. Nitro-
genous fertilizers were applied before the sowing and in the course of vegetation.

E. Method of elaboration

As compared with manure applied at two localities we evaluated the effect of
fertilization with liguid manure and straw on an increasing of gross production (the
yvields of the principal and of the secondary products of the cultivated crops in
t ha-! were converted into cereal units — CU ha-1), on the productivity of the
supplied N (gross production per 1 kg N), and on the economical effectiveness of
costs (increase of gross production in K¢és per 1 Kés of total costs of manuring).

Abbreviations ussed:

GBPS = gray-brown podzolic soil
BFS = brown forest soil

FM = farmyard manure

LMC = liquid manure of cattle
LMP = liquid manure of pigs
CU = cereal unit

Ort = organic fertilizers

St = straw

RESULTS

1. Gross production: On both soil types with a marked different
soil productivity (on GBPS gross production without any manuring is 3.3 times
larger than on BFS) proved significantly effective (Tab. I, Figs. 1 and 2).

Organic fertilizers applied alone increased gross production compared with
the non-fertilized control on an average by 29 per cent, and liquid manure with
straw by 30 per cent.

I. The effect of solid manure, of liquid manure of cattle and pigs with ploughed-in
straw, on gross production in the crop rotation with gradated doses of mineral ferti-
lizers in CU ha-! (average of 3 field experiments in the period 1968—1972). — Vliv
hnoje, kejdy skotu a prasat se zaoranou slamou na hrubou produkei v osevnim postupu
pri stupfiovanych davkach primyslovych hnojiv v OJ ha-! (priumér 3 polnich pokust

za obdobi 1968—1972)

. Mineral fertilization
Organic _ -
fertilization Index s .
(0] P,K, N,P,K; | NyP.K, | NyP;K; | N,P,K,

(0] CU ha! 46.9 53.1 58.0 62.6 67.9 68.8

% 100 113 124 133 145 147
Farmyard CU ha! 60.3 64.0 66.4 70.8 72.3 75.9
manure o 129 136 142 151 154 162
Liquid CU ha! 61.1 67.8 | 71.0 72.4 77.0 76.0
manure -+ straw % 130 145 | 151 154 164 162
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Mineral fertilization (GBPS = 180—151 per cent.,, BFS = 127—137 per
cent, with O 100 per cent) the application of which increases gross pro-
duction in relation to gradated doses of N, does not reach the level of organic-
-mineral fertilization on the basis of farmyard manure (GBPS = 135—160 per

cent, BFS = 141—169 per cent) of liquid manure with straw (GBPS =
6uha' 1 __ o
120 |- i —— EM
A — LMC + St (Fig. 1)
L f"“’// LMP + St (Fig. 2)
/
710 |— / -1
/ | GUha
|
~ // 40
100 |-
// | 351~
/ |
90t f ] 30
/
2 / |
/ , 25
so- ./
/ !
L.l | | | i) ogh L | | I
0 BK, NRK, NABkK, N,RK,  NBK, 0 Biz NEK, NBK, NRKz NBK;,

1. Effect of liquid cattle manure +
straw (LCM-St) and farmyard manure
(FM) on gross plant production of crop
rotation in grey-brown podzolic soil (ave-
rage 1970—1972). — Vliv kejdy skotu se
zaoranou slamou a hnoje na hrubou pro-
dukeci v osevnim postupu na hnédozemi

2. Effect of liquid manure pig manure +
-+ straw (LMP-St) and farmyard manure
(FM) on gross plant production of crop
rotation in brown soil (average 1968—
—1971). — Vliv kejdy prasat se zaoranou
slamou a hnoje na hrubou produkei
v osevnim postupu na hnédé pudé, (pri-

(pramér za obdobi 1970—1972) meér za obdobi 1968—1971)

135—159 per cent), and neither the level on the basis of liquid manure of
pigs with straw (BFS 169—184 per cent). In the crop rotation without
any perennial fodders gray-brown podzolic soil reacted more favourably to
gradated doses of mineral fertilizers, especially to the highest doses of N, than
did brown forest soil with clover-grass in the crop rotation. On BFS with
a small supply of available nutrients we ascertained a higher effectiveness of
lower doses of mineral fertilizers, especially of P;K. fertilization (+27 per
cent) than was the case on GBPS well supplied with nutrients (48 per cent).

In the case of a joint organic-mineral fertilization gross production on
poor gray-brown podzolic soil reacts, because of the farmyard manures, more
strongly to gradated doses of mineral fertilizers than does rich GBPS, especially
on the basis of liquid manure of pigs worked in with straw. On GBPS the
effectiveness of liquid manure of cattle with ploughed-in straw equals that
of farmyard manure applied with all methods of fertilizing. On BFS the
effectiveness of liquid manure of pigs with straw is higher than is that of
farmyard manure.

The effect of manure on an increasing of' gross production (Tab. II)
with gradated doses of mineral fertilizers (100 per cent) on GBPS decreases
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markedly, in the case of farmyard manure from 430 to 117 per cent and in
the case of liquid manure of cattle with ploughed-in straw from 433 to 115
per cent. On BFS, on the other hand, the effectiveness of farmyard manure
increases from 154 to 189 per cent, and in the case of liquid manure of pigs
with straw there occurs only a slight decreasing from 257 to 195 per cent
(a higher effectiveness of P2Kz — and NiPiKi — fertilization caused by
LMP + St than by FM).

II. The effect of solid manure, of liquid manure of cattle and pigs with ploughed-in
straw on an increasing of gross production in the crop rotation with gradated doses of
mineral fertilizers in CU ha-! compared with the non-fertilized control (average of
3 field experiments in the period 1968—1972). — Vliv hnoje, kejdy skotu a prasat se za-
oranou slamou na zvySeni hrubé produkce v osevnim postupu pri stupnovanych davkach
prumyslovych hnojiv v OJ ha-! vaéi nehnojené kontrole (prumér 3 polnich pokusu za
obdobi 1968—1972)

. Mineral fertilization
G Ind Soil type |— — = —
fertilization L8 ’ OELLYRE 0
P.K, | N,P,K, | N,P,K, | N,P,K, | N,P,K,
CU ha ! GBPS | — 6.3 17.7 28.0 37.8 39.8
% 100 | 100 100 100 100
CU ha ! BFS . 6.3 6.3 6.6 8.5 8.6
100 100 100 100 100
CU ha ! o - 6.3 ; /1 15.7 21.0 21.9
100 | 100 100 100 100
Farmyard CU ha ! GBPS | 237 | 271 333 38.8 38.1 46.4
manure 430 | 182 139 101 117
CU ha-! BFS 58 | 9.7 10.0 12.9 16.0 16.1
N 154 | 159 195 188 187
CU ha ! @ 134 | 171 | 195 23.9 25.4 29.0
276 | 176 152 ‘ 121 132
LMC + St CU ha! GBPS | 209 | 27.3 34.6 39.6 44.3 457
— la3s 195 141 117 115
LMP -+ St CU ha ! BFS 9.2 | 16.2 16.4 15.0 19.6 16.8
: 257 260 227 231 195
LME +:S¢ CU ha-! 142 | 200 | 241 25.5 30.1 20.1
s 337 | 217 162 143 133

On GBPS the effectiveness of liquid manure with ploughed-in straw, cha-
racterized by increases of the crop yields, reaches (99 kg of N ha=') a 75 per
cent effectiveness of a dose of 70 kg N + PK ha=' (N:P;K:), whereas on
BFS (35kg N ha!) this effectiveness is higher (107 per cent) than is the effecti-
veness of a dose of 85 kg N + PK ha~! (N,P:K3) in mineral fertilizers. Manure
(57 kg N ha™') on GBPS reaches 85 per cent of the effectiveness of a dose
of 70 kg N + PK ha~' (N2P3K:) and on BFS (59 kg N ha~!) 87 per cent
of a dose of 42 kg N + PK ha~" (N:P:K3).
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III. The effectiveness of gradated doses of mineral fertilizers on the basis of solid
manure and of liqguid manure of cattle and pigs with ploughed-in straw, provided that
the increase of gross production compared with the non-fertilized control = 100 per cent
(see Tab. II.) (average of 3 field experiments in the period 1968—1972). Ué&innost stuprio-
vanych davek prumyslovych hnojiv na bazi hnoje, kejdy skotu a prasat se zaoranou sla-
mou, kdyz zvySeni hrubé produkce viiéi nehnojené Kkontrole = 100°, (viz tab. II) (pri-
mér 3 polnich pokusti za obdobi 1968—1972)

i Mineral fertilization
Organic o Soil t )
fertilization S OIS I [
PK, | NPK, | NPK, | NiPK; | N,PK,

Farmyard CU ha'! GBPS 3.4 8.5 15.1 14.4 22.7

manure % 54 48 54 38 54
CUha'! BFS 3.9 42 7.1 10.2 10.3
% 62 67 107 120 120
CUha'! o 3.7 6.1 10.5 12.0 15.6
59 55 67 57 71

LMC + St CUha! | GBPS 6.4 13.7 18.7 234 24.8
102 78 67 62 62

LMP + St CUhal BFS 7.0 72 5.8 10.4 7.6
112 114 88 122 88
CU ha! > || 6.7 99 | 113 15.9 14.9
| 107 90 | 72 % | 68

On GBPS the sum of the increases of crop yields in the case of an appli-
cation of only organic and mineral fertilizers is always higher than is the
increase of yields in the case of a joint organic-mineral fertilization, and that
both in the case of farmyard manure and in the case of liquid manure of
cattle with ploughed-in straw. On BFS the opposite is the case (with the
exception of the variants P:Kj, NiP1Ki in the case of farmyard manure and
of the variant N4P2;K; in the case of LMP + St). Mineral and organic ferti-
lization does not reach the level of organic-mineral fertilization.

On gray-brown podzolic soils that have not been fertilized with manure
the increases of crop yields, obtained by means of mineral fertilization (Tab.
III), are always higher than on gray-brown podzolic soils fertilized with
farmyard or liquid manure of cattle with straw. On brown forest soil, on
the other hand, the increasing of gross production by means of mineral fer-
tilization on soil that has been fertilized with manure is higher than it is
on soil that has not been fertilized with farmyard manure or with pig liquid
manure with straw (with the exception of lower doses of mineral fertilizers in
the case of FM and the highes dose of LMP + St).

2. The productivity of thenitrogen supplied in the
fertilizers with gradated doses of N on GBPS and on BFS decreases
both in the case of only mineral and of joint organic-mineral fertilization (Tab.
IV). On fertile gray-brown podzolic soil the increasing of gross production
per 1 kg of supplied N is generally higher than it is on poor brown forest
soil (with the exception of the variants LMP + St and LMP + St 4+ P:K»).
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IV. The effect of solid manure and c¢f liquid manure of catile and pigs with ploughed-in
straw on the productivity of nitrogen supplied in fertilizers in the crop rotation in
the case of gradated doses of mineral fertilizers in the CU per 1 kg of N (average
of 3 field experiments in the period 1968-—1972). — Vliv hnoje, kejdy skotu a prasat
se zaoranou sldmou na produktivnost hnojivy dodaného dusiku v osevnim postupu pii
stupnovanych davkach primyslovych hnojiv v OJ na 1 kg N (primér 3 polnich pokust
za obdobi 1968--1972) )

Mineral fertilization
Organic : 3 e N N
CU1kgN!
o ' GBPS , = | o4 [ 0.40 038 | 031
. BFS - - ‘ 0.30 0.16 0.14 0.10
! ! LI P -
i | 037 | 028 ' 026 | 021
. - | _ o .
Pasmyacd GBPS 0.42 047 | 033 | o031 | 02 | 025
manure BES 0.10 016 | 013 013 | 0.13 [ 0.11
|
| 2 023 | 030 ’ 022 | o2t | o018 | o1
LMC + St | GBPS 0.21 0.28 0.25 0.24 022 | 0.20
| BES 0.26 0.46 0.30 0.20 0.20 i 0.14
| & 0.21 031 | o024 ' 021 | o020 | o017
| |

The productivity of the N supplied in liquid manure with ploughed-in
straw and with farmyard manure does not equal the productivity of the smallest
dose of mineral fertilizers — NiP1Ki. However, P;K; — fertilizers added,
markedly increases gross production per 1 kg of N supplied with liquid manure
with straw and in farmyard manure, and that particularly on brown forest
soil poor in nutrients (GBPS: FM + 12 per cent, LMC + St = +34 per cent;
FM = +60 per cent, LMP + St = 76 per cent). The average values show that
in the case of all methods of fertilization there is no significant difference
in the preductivity of the N supplied in solid or liquid manure with ploughed-in
straw. In the case of mineral [ertilization alone the productivity of N is higher
than in the case of joint fertilization with farmyard manure or with liquid
manure of cattle with straw and with mineral fertilizers. Only on brown forest
soil mineral fertilization does not reach the height of the productivity of N in
the case of fertilization with liquid manure with straw.

3. An economic evaluation of the effectiveness of

fertilizing (tab. V) has confirmed the fact that the potential fertility of
the soil is decisive for a maximum possible increasing of gross production and
for the economic effectiveness of costs of [ertilization.

Gross production increasing together with the gradated doses of N does not
equal, in the case of only mineral fertilizing, the joint application of farmyard
and mineral fertilizers, in which case there is no distinct difference between
liquid manure with ploughed-in straw and solid manure, and that both on
gray-brown podzolic and brown forest soil.

ROSTLINNA VYROBA — 197¢ 889



V. The economieal effectiveness of fertilization with solid manure and with liquid ma-
nure of cattle and pigs with ploughed-in straw in the case of gradated doses of mi-
neral fertilizers in Ké&s (average of 3 field experiments in the period 1968—1972). —
Ekonomicka efektivnost hnojeni hnojem, kejdou skotu a prasat se zaoranou slamou pfii
stupfiovanych davkach pramyslovych hnojiv v Kés

Mineral fertilization
Principal indices | ( OT8AMC | Soil type | P.K, ' N.P.K, | N,PK, | N,P,K, | N,P,K,
Kés hat

Increase of gross (o] | GBPS 687 2077 3327 4211 4467

production BFS 1169 1393 1325 1590 1715

(compan_:q with

non fertilized M GBPS 3170 3846 4550 4568 5468

control) BFS 1690 1986 2314 2789 3032
LMC + St; GBPS 3132 4064 4682 5169 5399
LMP + St| BFS 2736 3031 2496 3269 2659

Economic | O GBPS 3.69 7.24 6.63 5.98 5.47

effectiveness of ! BFS 3.96 427 3.12 2.70 3.02

COSt'S.On.

fertilization™) M GBPS 9.20 8.41 6.89 5.30 5.61

BFS 2.90 4.62 3.95 3.77 4.13
LMC + St| GBPS |A: 5.14 5.72 5.06 458 4.35
*) B: 8.83 8.92 6.99 5.92 5.48
LMP + St| BFS |A: 4.40 4.62 3.24 3.44 2.81
*) B: 5.80 5.98 4.01 4.02 3.57
A = costs of storage, homogenization, transport, and application of liquid manure

including costs of cutting and blowing of straw; naklady na skladovani, homogeni-
zaci, dopravu a aplikaci kejdy, véetné naklada na. roziezani, rozfoukani slamy
B = costs of transport and application of liquid manure including costs of cutting
and blowing of straw
naklady na dopravu a aplikaci kejdy, vcéetné nakladli na roziezani a rozfoukani
slamy
*) in the case of 150 days a year of the use of mounted tank spreaders & 5 cu. m.
pri 150 dnech roéniho vyuziti zavésnych cisternovych rozmetadel & 5 md
+) the meeting of the costs of the harvesting of increases of crop yields compared
with the non-fertilized control is not included in the costs of fertilizing
uhrada néakladi na sklizet piirtstkti vynosu plodin vaé¢i nehnojené kontrole neni
do naklada na hnojeni zapocitana .
The econcmic effectiveness of the costs of fertilization, which is highest
in the case of fertilizing with only liquid manure with straw (LMC + St on
GBPS 14.53 Kés 1 Ké~!, LMP + St on BFS 9.00 Kés 1 Kés™!') and with
solid manure (FM on GBPS 16.93 and on BFS 4.70 Ké& 1 Kés™'), generally
decreases, with gradated doses of N, in all methods of fertilizing both on GBPS
and BFS. On gray-brown podzolic soil, in the case of mineral and organic-mi-
neral fertilization, the effectiveness of costs is comparatively high and it is
markedly higher than on brown forest soil.
Farmyard manure increases the economic effectiveness of the costs of orga-
nic-mineral fertilizing compared with mineral fertilizing alone, and that both
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on GBPS and on BFS. In the calculation ad A (Tab. V) liquid manure with
ploughed-in straw does not attain, either on GBPS or on BFS, the effectiveness
of the costs of fertilizing with solid manure or of mineral fertilization. In the
calculation ad B the economic effectiveness of the costs of fertilizing with
liquid manure of cattle and pigs with ploughed-in straw with all methods of
fertilizing on both soil types is highest.

DISCUSSION

Liquid manure of cattle and pigs, this polydispersive mixture of liquid and
solid faeces with a different proportion of manipulation and drinking water
in undiluted form, is a highly valuable organic-mineral fertilizer, containing
organic matter as well as macro- and micronutrients. It is true that the
content of technical water influences the fertilizing quality of liquid manure,
but it may be expected that, in consequence of lower losses in the storage,
we shall gain, in the case of operating without any litter, more nutrients and
organic matter in the farmyard manure from the same number of animals
than is the case with the traditional housing (Skarda 1971, Skarda, Je-
linek, Zelena 1973). Liquid manure increases the dynamics of microbial
processes in the soil, and in the applied, and suggested by the method, doses
of up to 200 t ha~' they do not cause any inhibitory effect on the germination
and growth of crops (Pokormna 1973).

The C: N ratio in liquid manure is very favourable— e. g. according to
the average of an analysis of 50 samples of liquid manure of pigs 4.8:1
(Skarda, Jelinek, Zelena 1973). The simultaneously ploughed-in
straw, which is rich in organic matter (80 per cent), can therefore very effectively
increase the fertilizing value of liquid manure, particularly on soils with a low
potential soil fertility. Our results obtained on poor brown forest soil have
confirmed this fact (also Koriath 1970, Asmus, Lange, Specht
1971 et al.). Liquid manure of pigs with ploughed-in straw increased the pro-
ductivity of brown forest soil not only in the case of its application alone
(by 25 per cent = 6 CU ha~!), but is also markedly increased the effectiveness
of gradated doses of mineral fertilizers applied in the joint organic-mineral
fertilizaticn as compared with only mineral fertilization. The most effective dcse
of 65 kg of N + PK ha~! reaches only 74 per cent of the effectiveness ol
this dose on the. basis of liquid manure of pigs with straw. It is necessary
to stress also the significant effeci of liquid manure of pigs and straw on the
effectiveness of PK-[ertilization, which increased it from 127 to 169 per cent
as compared with the non-fertilized control, i. e. by 10 CU ha~'.

Not only on brown forest soil but also on fertile gray-brown podzolic
soil liquid manure with ploughed-in straw can replace solid manure. For com-
parison with the liquid manure of pigs we used, on gray-brown podzolic soil,
liquid manure of cattle, which was of very good quality, so-that we did not
succeed in supplying, in combination with straw, an equivalent quantity of
organic matter compared with farmyard manure, as had been the case on brown
forest soil. However, equivalent proved the dose of liquid manure of cattle,
as an average 20 t ha™' was produced by the same number of milch-cows as
was an average dose of 10 t ha~! of farmyard manure. The higher content of
organic matter and nutrients in liquid manure compared with solid manure
confirms our point of view submitted in the introduction of the discussion. The
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effect of liquid manure with ploughed-in straw and of solid manure on an
increasing of gross production was very balanced and conformably followed
the trend of gradated doses of mineral fertilizers. The effect of liquid manure
with ploughed-in straw on the effectiveness of mineral fertilization was not so
distinct as it was on brown forest soil. The most effective dose of 100 kg
N + PK ha=' (N3;P3;K3;) reaches 95 per cent of the effectiveness of this dose
on the basis of liquid manure of cattle with straw. Conformably the highest
dose of N4P2K; was ineffective on both soil types. This was similar also on
brown forest soil in the case of farmyard manure, whereas on gray-brown
podzolic soil, in the case of added [ertilization, most effective was a dose of
130 kg N 4+ PK ha~! (N,P,K,), which confirms our earlier result (Skarda
1972).

A confirmation of our findings is also the high effectiveness of solid ma-
nure applied alone on gray-brown podzolic soil in a crop rotation without any
lucerne (4 30 per cent = +23.7 CU ha™'!) (Skarda 1972). We obtained
an almost equal result in the case of fertilization with liquid manure of cattle
with straw (4 27 per cent = 20.9 CU ha~'), which, conformably with solid
manure and on soils well supplied with nutrients, significantly increased pro-
duction by means of PK-fertilization (4 21.0 CU ha~?).

Our aim is an increasing of gross production by means of fertilization with
liquid manure compared with the traditional fertilization with solid manure in
the crop rotation by 5—10 per cent. Of the same opinion is also Schmid
(1969), who states that at average agricultural enterprises it is possible to rec-
kon with an increasing by approximately up to 10 pe. cent. Hitherto, in the
average of all 6 basic methods of fertilizing, we have increased gross production
with fertilizing of liquid manure ploughed-in straw on brown forest soil com-
pared with solid manure by 10 per cent, whereas on gray-brown podzolic soil
only by 2 per cent.

In the case of added fertilization with liquid cattle manure with straw we
supplied, in an annual average, into the soil 3.2 t ha~' of organic matter, which
is a quantity which in an equivalent dose of 10 t ha' of farmyard manure
(= 1.8 t ha~! of organic matter), we cannot produce. The principal reason
are the above-mentioned losses during storage, which, in the farmyard manure
produced by us, range round about 30 per cent, whereas in liquid manure they
amount, in the case of a four months’ storage, to not quite 15 per cent (S kar-
da, Jelinek, Zelend 1973). Straw that does not pass through the tra-
ditional cycle — field — stable — dung heap — field — is supplied into the
soil without any losses. On brown forest soil an almost equal quantity of or-
ganic matter supplied in solid manure (2.0 t ha') and in liquid manure of
pigsl (2.4 t ha™') was supplied in an increase dose of solid manure (15.0 t
ha=').

The econcmic effectiveness of costs of fertilization with liquid manure is
very favourable compared with the costs of solid manure. In the calculating of
the costs of the production of farmyard manures we applied, in the case of li-
quid manure, two alternatives, of which calculation A includes all costs for stor-
age, homogenization, transport, and application of liquid manure, whereas cal-
culation B includes only the costs of transport and application (Skarda, Je-
linek, Zelené 1973). In the case of calculation A the mentioned costs of
transport over a distance of 4 km and a utilization of tank spreaders in 150
days per annum amount to 23.62 K& t~' and in the case of calculation B to
10.87 Kés t~'. To these costs we added the costs for the cutting and crushing
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of straw, which, with the application of the DS I adapter on the harvester-
-thresher, amount to 15.05 Kés ha~!. We have mentioned both calculations for
comparison with the costs of the production and application of solid manure,
which amcunt to 15.70 Ké&s ha~'. According to the preliminary calculations of
the tested technological procedures for the processing and utilization of liquid
manure, the costs of direct fertilization with non-diluted liquid manure in crop
production are lowest (also Schmerler 1972, 1973). In the case of a very
effective evaluation of these direct costs of fertilization with liquid manure with
straw in the increasing of gross production, there appears a comparatively high
econcmical effectiveness of costs, which ranges within limits of 3.39—5.17 Kés
1 Kés™' (calculation A) and 4.26—7.45 Ké& 1 Kés™! (calculation B).
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V letech 1968—1972 jsme v osevnim postupu s 50 %, obilnin na hnédozemi a hnéde
pudé prokazali, Ze ve vlivu na obohaceni pudy organickymi létka'mi, zyyéepg hrubé
produkce, produktivnost dodaného N a ekonomickou u¢innost nakladi mulze pra-
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meérna ro¢ni davka 14—20 t ha-! kejdy s 1,3—1,6 t ha-! zaorané slamy nahradit
10—15 t ha—-! hnoje, pfi samotné aplikaci i s minerdlnim hnojenim. Ve srovnani
s hnojem zvysila kejda se slamou hrubou produkci na hnédozemi v priimeéru
0 29, na hnédé pudé o 109, Vlivem kejdy se slamou stoupa uéinnost pramyslo-
vych hnojiv do davky 100 kg N 4+ PK ha-1 na hnédozemi a 65 kg N + PK ha-1
na hnédé pidé. Pouzité davky kejdy se zaoranou slamou obohatily pudu v roénim
prameéru o 2,4—3,2 t ha-! (hntj o 1,8—2,0 t ha—1!) organickych latek.

osevni postup; hnédozem; hnédd puda; hnlj; kejda skotu; kejda prasat; slama;
hruba produkce; produktivnost dodaného N; ekonomickad uéinnost nakladl; orga-
nické latky; priumyslova hnojiva

HIKAPIOA M. (Mucruryr nutaHus pacrenui, HUWP, Ilpara-Pyseme). [leiicrBme Kedmsl Kpym-
HOrO pOTaTOro CKOTA M CBMHEH C 3amaxaHHOM conoMmoi B cesoobopore. Rostlinna vyroba (Pra-
ha) 20 (8) : 883-894, 1974.

B 1968—72 rr. B ceooBopore c 50 9/, sepHoBEIXx Ha 6yposeMe m 6ypoil TIOUBOH MBI NOKa3aiH,
uyro cpenmeronosas nosa 14—20 t/ra—! xe#imer ¢ 1,3—1,6 t/ra—! 3anmaxamHOit CONOMEI MOXKeT
06ycnoBUTh oOfOraljeHHe IIOYBEl OpPraHMYECKMMM BellleCTBAMHM, DOCT BaJIOBOH IPONYKIMH, IpPO-
IYKTHMBHOCTh BHECEHHOTO a30Ta U SKOHOMMYECKy0 SPPeKTHBHOCTH 3aTpaT B TOH e Mepe, 4TO
u 10—15 1/ra—! naBoza xak ONHOro, Tak ¥ C MHUHepaibHLIM ynobperueM. Ilo cpaBHeHHHM C Ha-
BO3OM, Keiila C COJOMOII yBeNHYHJAa BaJOByl0 NPONyKUHio Ha Gyposeme B cpemHem Ha 2 9,
a na 6ypoit mouse — Ha 109/, Ilon BiuaHWeM KeHmbl C CONOMON HeHCTBME MUHEPANBHBIX
ynobpenuit pacrer mo nmosst 100 xr N + PK/ra—! na 6yposeme u 65 xr N + PK/ra—! na
H6ypoit nouse. BHeceHHBIE O3Bl KEWIBI C 3amaxaHHOM COJOMOM o06OraTHJ¥ IOYBYy B TIONOBOM
cpenmem Ha 2,4—3,2 1/ra~! (mamos ma 1,8—2,0 t/ra—l) opramuueckux BemecTs.
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Z VEDECKEHO ZIVOTA

VYZNAM MEZINARODNICH SYMPOZII HUMUS ET PLANTA PRO

VYZKUM HUMUSU

Sledujeme-li cesty, jimiz se v minu-
losti ubiralo védecké badani o humusu,
rozpozname ziretelné nékolik etap jeho
rozvoje, rozliSenych pojetim problema-
tiky a spjatych dialekticko-historickymi
zakonitostmi.

Mohutny rozkvét studia humusu v
obdobi platnosti tzv. humusové teorie
ke konci 18. a na poc¢atku 19. stoleti vy-
stiidala stagnace, vyvolana do té doby
netuSenymi vysledky praktického uplat-
novani poznatklli o mineralni vyzive
rostlin. Humus byl pak po celé jedno
stoleti chapan ve vztahu k rostlinstvu
a zemédélskym vynosum jako nepiimo
pusobici faktor, upravujici predevs§im
pudni strukturu, eventualné pristupnost
mineralnich zivin. Teprve souCasna vé-
da si vS§ima komplexniho vztahu rost-
linstva a pudniho humusu ve vs§i jeho
slozitosti a mnohotvarnosti, studujic vy-
znam rostlinného pokryvu pro tvorbu
humusu i jeho zpétny vliv na rostlinstvo
z hledisek fyzikalnich, chemickych i
biologickych.

Obraz vSestrannosti a komplexity mo-
derniho studia humusu se zrcadli v
programu dnes jiz tradi¢nich, periodicky
se opakujicich sympozii Humus et Plan-
ta, ktera zaujala stalé misto v systému
informaci o vysledcich badani v tomto
védeckém sméru. Je priznaéné, Ze zrod
a rozvoj téchto sympozii je dilem védy
stattt socialistickych. MySlenka a reali-
zace téchto shromazdéni je pak spjata s
osobnosti akademika Silvestra Prata.
Jeho usilim bylo za ucasti dalSich pra-
covniki ¢eskoslovenskych a polskych u-
skute¢néno na pudé Polské botanické
spole¢nosti setkani, jemuz se dostalo na-
zvu Humus et Planta I. Bylo to v Pozna-
ni v zari r. 1957. Z ceskoslovenské stra-
ny se zucastnili prazsti a brnénsti rost-
linni fyziologové v c¢ele s akademikem
S. Pratem a prof. dr. Vladimirem Ry -
pac¢kem, DrSc. Dominujicimi osobnost-
mi mezi polskymi 1ucastniky byl prof.
dr. Jan Wojciechowski, prof dr.
Stefan Guminski a zejména nestor
polskych botanikti prof. dr. Bronislav
Niklewski. Prace prednesené na
tomto setkdni byly uverejnény v r. 1960
ve zvlastnim (IX.) svazku polského c¢a-
sopisu Acta Agrobiologica.

Sympozium Humus et Planta II bylo
usporadano ve dnech 28. zaii az 6. rijna
1961 v Ceskoslovensku, a to v Praze a
Brné. Zajem védecké verejnosti se proje-
vil rozs§ifenou zahrani¢ni uc¢asti i rozma-
nitosti prispévkl, které byly publikovany
knizné pod nazvem Studies about Hu-
mus za redakce akademika Prata a prof.
dr. Vladimira Rypac¢ka DrSc. (Praha,
Nakl. CSAV, 1962). Na tomto sympoziu
bylo predneseno 42 referatu, predeviim
védett sovétskych, polskych a ¢&eskoslo-
venskych, ale také z obou statd némec-
kych, z Belgie a Madarska.

Treti védecké setkani vénované humu-
su a rostliné bylo omezeného rozsahu a
probéhlo v rameci sjezdu sekce fyziologie
rostlin Polské botanické spoleénosti 4. az
6. r'ijna 1965 v polském Karpaczu.

Ctvrté sympozium Humus et Planta
se konalo v Praze v zari r. 1967 za Siro-
ké ucasti zahraniénich hosti. Pripravil je
organiza¢ni vybor vedeny prof. dr. ing.
Vaclavem K as$em, DrSc. a jeho pred-
sedou byl akademik Silvestr Prat. 60
referatt bylo piredneseno ve 4 sekeich
vénovanych tvorbé humusu, chemii hu-
musu, proménam humusu v pudé a vli-
vu humusu na rostliny. 99 védct repre-
zentovalo zde SSSR, Polsko, Ceskoslo-
vensko, oba staty némecké, Madarsko,
Velkou Britanii, Francii, Italii, Spanél-
sko a Japonsko. Prednesené referaty by-
ly uverejnény ve sborniku Studies about
Humus, jejz redigoval doc. dr. ing. Bo-
humir Novéak, DrSe. a prof. dr. Vla-
dimir Rypaéek, DrSc. (OVTI-CSAZ),
Praha 1967, 316 stran).

Rovnéz V.ado té doby posledni sym-
pozium Humus et Planta bylo uspora-
dano v Praze ve dnech 13. az 17. za¥i
1971. Predsedou organiza¢niho vyboru
byl opét prof. dr. ing. Vaclav Kas,
DrSc., ¢estnym piedsedou sympozia aka-
demik Silvestr Prat. Ctyfi sekce sym-
pozia pojednavaly o pluvodu, tvorbé a
degradaci humusu v pudé (A), o fyzikal-
nich a chemickych vlastnostech humuso-
vych latek (B). o vlivu humusu na pud-
ni vlastnosti (C) a koneéné o vlivu hu-
musu na rostlinstvo (D). Na sympoziu
bylo pritomno 182 védel z 23 stata vsech
svétadila vyjimaje Australii. Piednesli
celkem 98 referatli, které byly publiko-
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vany ve dvousvazkovém sborniku ¢éita-
jicim 626 stran (Studies about Humus
/I, II/, UVTI-CSAZ, Praha 1971). Re-
dakéni radu ridil doc. dr. ing. Bohumir
Novak, DrSc. .

Z tohoto zbézného historického pohle-
du vyplyva jednoznac¢né vzrustajici za-
jem o studium humusu. Dutvody jsou
vSeobecné znamy, nepostradaji padnosti
a prece nemusi byt jesté vycCerpany. Zda-
leka jsme se napi. nepokusili ani od-
hadnout, jaky mutZze mit humus vyznam
pro zachovani ¢istoty zivotniho prostie-
di, i kdyZz dobie vime o jeho schopnos-
tech absorpénich a detoxifikaénich.

Je ziejmé, Ze VI. sympozium Humus
et Planta, piipravované na rok 1975, bu-
de opét prehlidkou nejnovéj$ich vysled-
kt, kterych bylo v uplynulém ¢tyileti
dosazeno. Pri rostoucim zajmu védecké .
verejnosti bude ovSem jeho organizaéni
zvladnuti nemalym uUkolem; osobnost
piredsedy pripravného vyboru doc. dr.
ing. Bohumira Novaka, DrSc. i vaha
Vyzkumnych ustava rostlinné vyroby v
Praze-Ruzyni, které budou hlavnim ga-
rantem ptistitho sympozia, jsou vSak
spolehlivymi zarukami zvladnuti i to-
hoto zasluzného ukolu.

Doc. dr. Vladimir Tichy, CSc.,
Pfirodovédeckd fakulta University J. E. Purkyné, Brno

zuje na diivejsi

otazek:

— vztah humusu k rostlindm

Mezinarodni sympozium Humus et Planta VI

Sesté mezinarodni védecké sympozium Humus et Planta VI nava-
pravidelna mezinarodni
nikl, vénovana otazkam vyzkumu plidniho humusu a jeho vztahu k rus-
tu a vyvoji zemédélskych plodin. Poradani sympozii Humus et Planta
v Ceskoslovensku se stalo jiZz tradi¢ni zaleZitosti mezinidrodniho vy-
znamu, umoznujici pravidelnou vymeénu védeckych poznatkli a nazorl
na aktualni otazky vyzkumu pudni organické hmoty.

VI. sympozium Humus et Planta usporadaji
rostlinné vyroby v Praze-Ruzyni ve spolupraci s Vysokou Skolou ze-
médélskou v Praze-Suchdole a ve spolupraci s Ceskoslovenskou spoleé-
nosti pro védy zemédélské, lesnické a potravinaiské pri CSAV ve dnech
19.—23. srpna 1975 v aredlu Vysoké $koly zemédélské v Praze-Suchdole.
Védecka problematika sympozia se soustiedi

— piremény organickych latek v pudach a zeminach

— metodologické problémy vyzkumu pudni organické hmoty

setkani védeckych pracov-

Vyzkumné ustavy

na nasledujici okruh

Ing. Jaromir Damaska, CSc.,
sekretd® organizaéniho vyboru
sympozia Humus et Planta VI

Rukopisy odevzdany Kk tisku 6. 5. 1974, podepsano k tisku 21. 10, 1974
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