
Wann und wo arbeiten die Wurzeln von 
Ackerpflanzen mit Pilzen und/oder mit 

Bakterien zusammen? 
Wien, 14. 9. 2017
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das Diagramm zeigt sie 
in Abhängigkeit der 
Korngrößen-Anteile



Test mit dem Einmachglas







The image on the left shows a close-up of sand particles which appear 
grainy as seen by the naked eye. The right shows the plate-like texture 
of clay visible only under a microscope.

https://content.ces.ncsu.edu/media/images/particle%20size2.jpg
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http://lh6.ggpht.com/_6LWjP0sZ22w/S4stTAJy_rI/AAAAAAAAHfY/r8Palg6IaBA/s1600/Mont%20electron%20view%5B4%5D.jpg
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Mikrographie der Wurzelkappe mit mucilage (Mais)
(von V. Sobolev, Agricultural Research Service, United States Department of Agriculture - ARS USDA)







Hypothesized concept of synergistic interactions of exoenzyme - producing soil 
microorganisms. In bulk soil, a high proportion of exoenzymes released by a soil 
microorganism is lost without any benefit for it (a). With increasing number of 
exoenzymes the concentration of products of enzymatically catalyzed reactions 
increases (as indicated by the increase in the intensity of the blue color, b). Thus, 
exoenzyme-producing microorganisms can benefit from each other, which might 
contribute to the high microbial activity at hotspots of enzyme activity (c)

Spohn, M. et Kuzyakov, Y. / Plant Soil (2014) 379:67–77
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Masoom Hussain et al., Environ. Sci. Technol. 2016, 50, 1670−1680



O
ld

ro
yd

 G
.E

.D
. 2

01
3

: 
S

pe
ak

, f
ri

en
d

, a
nd

 e
n

te
r:

 s
ig

na
lli

ng
 s

ys
te

m
s 

th
a

t p
ro

m
o

te
 b

en
ef

ic
ia

l s
ym

b
io

tic
 a

ss
o

ci
at

io
n

s 
in

 p
la

nt
s;

 N
at

u
re

 
R

ev
ie

w
s 

M
ic

ro
b

io
lo

g
y 

1
1,

 2
52

-2
6

3.















Marzec , M., Muszynska, A., Gruszka, D.: Review. The Role of Strigolactones in Nutrient-Stress Responses in 
Plants.  Int. J. Mol. Sci. 2013, 14(5), 9286-9304.



Podzemní komunikace mezi rostlinami, arbuskulárními (AM) houbami a parazitickými rostlinami. 
Rostliny produkují a uvolňují sekundární metabolity do rhizosféry k zavedení komunikace s dalšími 
organismy. Strigolaktony jsou důležitou třídou signálních molekul. Dříve byly izolovány jako stimulanty 
klíčení semen parazitických rostlin, ale později se ukázalo, že také indukují hyfální větvení AM hub. 
Nepřímá komunikace mezi AM houbami a parazitickými rostlinami – jako zjevná z redukce infekce.
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Oldroyd G.E.D. 2013: Speak, friend, and enter: signalling systems that promote beneficial symbiotic associations in plants; Nature Reviews Microbiology 11, 252-263.

a | Flavonoids released by the plant root signal to rhizobia in the rhizosphere, which in turn produce nodulation factors (Nod factors) that are recognized by the plant. Nod 
factor perception activates the symbiosis signalling pathway, leading to calcium oscillations, initially in epidermal cells but later also in cortical cells preceeding their 
colonization. Rhizobia gain entry into the plant root by root hair cells that grow around the bacteria attached at the root surface, trapping the bacteria inside a root hair curl. 
Infection threads are invasive invaginations of the plant cell that are initiated at the site of root hair curls and allow invasion of the rhizobia into the root tissue. The nucleus 
relocates to the site of infection, and an alignment of ER and cytoskeleton, known as the pre-infection thread, predicts the path of the infection thread. Nodules initiate 
below the site of bacterial infection and form by de novo initiation of a nodule meristem in the root cortex. The infection threads grow towards the emergent nodules and 
ramify within the nodule tissue. In some cases, the rhizobia remain inside the infection threads, but more often, the bacteria are released into membrane-bound 
compartments inside the cells of the nodule, where the bacteria can differentiate into a nitrogen-fixing state. b | Strigolactone release by the plant root signals to arbuscular 
mycorrhizal fungi (AMF) in the rhizosphere. Perception of strigolactones promotes spore germination and hyphal branching. AMF produce mycorrhizal factors (Myc factors), 
including lipochitooligosaccharide (LCOs) and, possibly, signals that activate the symbiosis signalling pathway in the root, leading to calcium oscillations. AMF invasion 
involves an infection peg from the hyphopodium that allows fungal hyphal growth into the root epidermal cell. The route of hyphal invasion in the plant cell is predicted by a 
pre-penetration apparatus, which is a clustering of ER and cytoskeleton in a zone of the cell below the first point of fungal contact135. The fungus colonizes the plant root 
cortex through intercellular hyphal growth. Arbuscules are formed in inner root cortical cells from the intercellular hyphae. Part b image is modified, with permission, from 
Ref. 136 © (2008) Macmillan Publishers Ltd. All rights reserved.

http://www.nature.com/nrmicro/journal/v11/n4/full/nrmicro2990.html
http://www.nature.com/nrmicro/journal/v11/n4/full/nrmicro2990.html


Oldroyd G.E.D. 2013: Speak, friend, and enter: signalling systems that promote beneficial symbiotic associations in plants; Nature Reviews Microbiology 11, 252-263.



http://www.bizleyart.com/gallery/image?view=image&format=raw&type=img&id=333

Aglaophyton 
major

These were early 
plants of the Lower 
Devonian, approx 
410 million years 
ago. They grew to 

about 15cm in height 
and had a prostrate 
habit, spreading as 

they grew. Fossils of 
these plants are found 

in Rhynie chert in 
Aberdeenshire, 

Scotland. They grew 
close to silica-rich hot 

springs.



Anatomy of Aglaophyton major

1. Transverse section through two typical axes showing the simple internal organization; slide 
P1828; bar=1 mm. 2. Anatomy of the prostrate mycorrhizal axis (E = epidermis; OC = outer 
cortex; MAZ = mycorrhizal arbuscule-zone; IC = inner cortex; PIT = phloem-like tissue; CT = 
conducting tissue); slide P1612; bar=150 μm. 

M. Krings et al. / Review of Palaeobotany and Palynology 153 (2009) 62 –69



https://www.fossilhunters.xyz/fossil-plants-2/images/1376_738_225.jpg



3

Endophytic filamentous cyanobacteria in 
Aglaophyton major prostrate axes.

1. Cross-section through an axis, showing the epidermis (E), 
outer cortex (OC), mycorrhizal arbuscule-zone (MAZ), and 
cyanobacterial filaments (arrows); bar=100 µm. 2. 
Cyanobacterial filaments within the arbuscule-zone; 
bar=100 μm. 3. Cyanobacterial filaments in the intercellular 
system;  bar=25 μm. 
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https://www.abdn.ac.uk/rhynie/images/plants/aglao/aglao2.jpg

Rhizoids (r) on an Aglaophyton rhizomal axis (scale bar = 200µm).



Probable stages in the evolution of stems, rhizomes, leaves and roots from the thallus of 
an early bryophyte-like land plant, using a hypothetical final example with a woody trunk.
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Biologická degradace vede ke 
zhutnění půdy, které urychluje 
půdní erozi















Y. Kuzyakov, 186 E. Blagodatskaya / Soil Biology & Biochemistry 83 (2015) 184-199







Vielen Dank für Ihre Aufmerksamkeit
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