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Humus Tage – Kaindorf 2019 etc…. 
„Bilance humusu a živin“ 

Záhora Jaroslav
SYM:BIO



SYM:BIO  

Sítě přizpůsobené suchu a podpora biodiverzity ve 
městě a na venkově/ Netzwerke 
trockenheitsangepasste und biodiversitätsfördernde 
Bewirtschaftung in Stadt und Land 



Penuelas, J., Gargallo-Garriga, A., Janssens, I., Ciais, P., Obersteiner, M., Klem, K., Urban, O. 2019: Global 
Intensification of N Fertilisation Increases Allergenic Proteins and May Spread Coeliac Pathology, SSRN 
Electronic Journal

Global N-fertilisation rates (kg N ha-1 y-1) in wheat crops. 
Wheat grain yield (t ha-1 y-1) and global annual area of wheat 
crops (107 ha) during 1961-2016 (1961-2010 for N-fertilisation 
rates) (A). Efficiency of N fertilisation (kg-1 N ha-1 per tonne of 
wheat grains) (B). Sources: FAO (2015b, 2019) and Ladha et al. 
(2016).



Penuelas, J., Gargallo-Garriga, A., Janssens, I., Ciais, P., Obersteiner, M., Klem, K., Urban, O. 2019: Global 
Intensification of N Fertilisation Increases Allergenic Proteins and May Spread Coeliac Pathology, SSRN 
Electronic Journal

Per capita gliadin intake (g y-1) and per capita wheat and 
derivates intake (kg y-1). 







Ilustrace Neuroncollective.com Daniel Špaček, Pavel Jirák

















https://www.youtube.com/watch?v=-
GnjMGd1Nbs



How functional 
redundancy works. (a) 
Many soil-living species 
function to break down 
litter into small pieces 
which microbes can 
convert through 
chemical activities. A 
loss of one species or 
group of organisms 
from the soil is unlikely 
to stop the process 
completely, although it 
may slow it down. 
(b) Other functions, 
such as the breakdown 
of pollutants, can only 
be performed by a few 
species, or potentially 
even only one species. 
Therefore, loss 
of this species or group 
of species will result in 
a complete loss of this 
function from the 
system. (JPE, PFL, 
MTA, AM, TGA, NRCS, 
MDEP, WSM, PMA)

Orgiazzi, A. et a., 2016: Global Soil Biodiversity Atlas. European Commission, Luxembourg. 176 pp. © European Union, 2016















































































































Maiswurzelspitze mit Schleimabsonderung (Exsudat)



Interaktion in der Rhizosphäre

   
➢ mikrobieller „Hot Spot“ – ca. 100fach erhöht (107 -109 g-1) 
➢ Pathogenabwehr: antifungische MO ca. 3fach erhöht 
➢ Hohe Pflanzenspezifität                                

Quelle: G. Berg,2008
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Fractionation of soil organic carbon (SOC) is crucial for mechanistic understanding 
and modeling of soil organic matter decomposition and stabilization processes. It is 
often aimed at separating the bulk SOC into fractions with varying turnover rates, 
but a comprehensive comparison of methods to achieve this is lacking. In this study, 
a total of 20 different SOC fractionation methods were tested by participating 
laboratories for their suitability to isolate fractions with varying turnover rates, 
using agricultural soils from three experimental sites with vegetation change from 
C3 to C4 22–36 years ago. Enrichment of C4-derived carbon was traced and used as 
a proxy for turnover rates in the fractions. Methods that apply a combination of 
physical (density, size) and chemical (oxidation, extraction) fractionation were 
identified as most effective in separating SOC into fractions with distinct turnover 
rates. Coarse light SOC separated by density fractionation was the most C4-carbon 
enriched fraction, while oxidation-resistant SOC left after extraction with NaOCl 
was the least C4-carbon enriched fraction. Surprisingly, even after 36 years of C4 
crop cultivation in a temperate climate, no method was able to isolate a fraction 
with more than 76% turnover, which challenges the link to the most active 
plant-derived carbon pools in models. Particles with density>2.8 g cm−3 showed 
similar C4-carbon enrichment as oxidationresistant SOC, highlighting the 
importance of sesquioxides for SOC stabilization. The importance of clay and 
siltsized particles (< 50 µm) for SOC stabilization was also confirmed. Particle size 
fractionation significantly outperformed aggregate size fractionation, due to the 
fact that larger aggregates contain smaller aggregates and organic matter particles 
of various sizes with different turnover rates. An evaluation scheme comprising 
different criteria was used to identify the most suitable methods for isolating 
fractions with distinct turnover rates, and potential benefits and trade-offs 
associated with a specific choice. Our findings can be of great help to select the 



In situ methods of plant-microbial interactions for nitrogen in rhizosphere Liu et al. 



Rhizosphäre (Brucker, 
1988) 

23 x mehr Bakterien 

  7 x mehr Strahlenpilze 

12 x mehr Pilze 

  2 x mehr Einzeller

Strahlenpilze (z.B. Streptomyces) 

1. Produzenten von Antibiotika  

2. Geosmine (flüchtig) = frischer 
Bodengeruch ätherisches Öl  

3. Abbau von Schadstoffen bzw. schwer 
abbaubare Verbindungen (Lignin) 

4. Teilweise Symbiont mit 
Pflanzenwurzeln 

Allgemein ist der Anteil der Pilze im Vergleich zu den Bakterien größer.    
Durch Pflanzen-/Wurzelwachstum wird die bakterielle Leistung deutlich 
erhöht!

Rhizosphäre und Bodenleben 
Aktinomyceten (“Strahlenpilze” = Fadenbakterien)  



Vielfalt über und unter der Erde, optimale Durchwurzelung der Krume

Das Terra- Life Konzept

Quelle: Don et.al., 2008 Max Planck Inst. Jena







Verhältnis von Wurzelmasse, Biomasse, 
Fruchtbildung und Wurzelausscheidungen (Exsudate) 

im Laufe der Vegetation am Beispiel von Mais

Danubio



ca. 50 % der Pflanzenbiomasse befindet sich im Boden 

▪ Pflanze
n- 

Wurzel-
ausscheidungen 
(Exsudate)

Wurzel-
biomasse

Frucht

Quelle: J. Kempf, 2015, verändert 



Kurz nach dem Auflauf

▪ Pflanzen
-
biomass
e

▪ Wurzel-
biomass
e

▪   Exsudate



3- 5 Blattstadium

Pflanzen-
biomasse

Wurzel-
biomasse

Exsudate



6- 13 Blattstadium

Pflanzen-
biomasse

Wurzel-
biomasse

Exsudate



PBM

WBM

Exsudate

Frucht

Beginn Fruchtbildung



Fruchtbildung

Frucht

WBM

PBM

Quelle: J. Kempf, 2015, verändert 



Mittleres Ergebnis im ungestörtem Boden:

▪ Pflanzen- 
biomasse

Wurzel-
ausscheidungen

Wurzel-
biomasseFrucht



Ergebnis im gestörtem Boden:  
 
„Mit gewöhnlicher Photosynthese“

▪ Pflanzenbiomass
e

▪ Frucht

▪ WBM

▪ Exsudate



















Unterirdische Leistung der Begrünungspflanzen,  
Begrünungsversuch Stockerau 2010

















































Hlavní zásady nově se šířícího zemědělství, které 
více zohledňuje biologické principy: 

1) - minimalizace zásahů do půdy a respekt k osevním 
postupům, 

2) - využívání druhově co nejbohatší směsky meziplodin, 
3) - nutnost trvalého vegetačního pokryvu půdy. 



SAATEN UNION GmbH BRD

























 A
ct

iv
it

y 
of

 a
ci

d 
ph

os
ph

at
as

e 
by

 z
ym

og
ra

ph
y 

of
 

lu
pi

ne
 r

oo
ts

. 
Ku

zy
ak

ov
 e

t 
al

. 
, 

U
ni

ve
rs

it
y 

of
 G

öt
ti

ng
en

, 
G

er
m

an
y



Soil + P

Soil + P

Control soil

Control soil



Aerial photo of experimental plots in Banín (near Březová n. 
Svitavou)

An experiment was made to determine how the mineral 
nitrogen (N) fertilization, the accompanying loss of the natural 
soil structure and the disintegration of macro-aggregates affect 
the changes of phosphorus availability in our arable soil. The 
timing of the experiment was to the 5th vegetation period in 
2017 ("I"), to the non-vegetation period 2017/2018, and to the 
6th vegetation period in 2018 ("II"). Mineral N fertilizer was 
applied annually in half dose (68 kg N per hectare) and in full 
dose (136 kg N per hectare). In the fourth year of the 
experiment, the stability of aggregates increased by 12.5% in 
the non-fertilized variant over the variants fertilized with 



Installation of ion-exchange 
stockings



The ion exchange resin inside the nylon 
stockings (dark ones – cation exchange 

resin; light ones – anion exchange 
resin)



PVC tubes protruding from the soil (inner 
PVC tubes for replacement of IER nylon 

stockings).
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(I) = growing season 2017;    (II) vegetation period 2017/2018;    (III) = growing season 
2018 

These results confirm generally higher availability of phosphorus in 
soils fertilized with mineral nitrogen, with a higher difference 

being found at the depth of 50 cm (34%).

Relative P availability  
Control plots (without nitrogen applicationat in the soil depth 25 cm) are considered  

as 100%

= 100%

34
%











Using dye tracer for visualizing roots impact on soil structure and soil porous 
systém Radka Kodešová, Karel Němeček, Anna Žigová, Antonín Nikodem & Miroslav Fér,                             

Biologia 70/11: 1439—1443, 2015, Section Botany
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Transition 
between the 
hotspots of 
multiple origins:  
1) Crack 

between 
aggregates,  

2) Juvenile 
rhizosphere: root 
ingrowing in the 
crack between 
aggregates,  
3) Developing 
rhizosphere,  
4) Mature 
rhizosphere,  
5) Detritusphere: 
dying root,  
6) Biopore: 
occupation of 
rhizosphere-
detritusphere 
environment by 
earthworms,  
7) Reuse of the 
existing hotspots: - 
back to ingrowing 
root and the 
rhizosphere. Black 
arrows show the C 
release by 
rhizodeposition; 
weight arrows 
present the uptake 
of water and 
nutrients; black 
dotted lines reflect 
mycorrhizal 
hyphae.









Microbial footprint defines the soil volume available for C 
protection. Schematic representation of the effect that the 
abundance of 30–150 µm pores has on the size of the spatial 
footprint of microorganisms residing in such pores in perennial 
switchgrass monoculture and biodiverse native vegetation systems

Kravchenko et al., 2019: Microbial spatial footprint as a driver of soil carbon stabilization  
https://doi.org/10.1038/s41467-019-11057-4



Enzyme activities from slices subjected and not subjected to incubations with fresh 
nutrient inputs; shown are means across all systems and enzymes. Error bars are 
s.e.m. (based on 88 and 14 zymography layers without and with new organic inputs, 
respectively, from 10 soil cores). Letters mark significant differences between 
enzyme activities in localities with <30 and 30–150 µm pores (p < 0.05).
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https://www.youtube.com/watch?v=-
GnjMGd1Nbs
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https://www.youtube.com/watch?v=-
GnjMGd1Nbs
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Image of Biofilm  https://jeffreydachmd.com/2014/12/biofilms-chronic-rhino-
sinusitis/



















































Some plants (also conifers) need very tight cooperation with mycorrhizal 
fungi for their nutrition (especially nitrogen, also supply of water). It 
seems to be problematic in Czech Republic saturated with reactive 
nitrogen. 



Normally, mycorrhiza works for the benefit of both 
partners.



But, in the case of severe drought, mycopartner (especially at 
fructification) can deplete water from the phytopartner as seen in the 
photo documentation of meadow mycorrhiza. 



One month 
later.
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Děkujeme za pozornost



Chen et al., 2019: Regulation of priming effect by 
soil organic matter stability over a broad 

geographic scale



Chen et al., 2019: Regulation of priming effect by 
soil organic matter stability over a broad 

geographic scale
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Chen et al., 2019: Regulation of priming effect by 
soil organic matter stability over a broad 

geographic scale


