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Schedule

Kurs/Datum Thema

1/ 07.10. Moleculare Cell Biology of Plants – towards systems biology

2/ 14.10. Autecology I - Transport and Nutrition

3/ 21.10. Photosysnthesis

4/ 28.10. C3/C4/CAM

5/ 04.11. Autecology II - Plant-Microbe Interaction

6/ 11.11. Stressphysiologie I – BIOTIC STRESS

7/ 18.11. Autecology III – ABIOTIC STRESS

8/ 25.11. Stressphysiologie II – ABIOTIC STRESS – temperatur

9/ 02.12. Stressphysiologie III – ABIOTIC STRESS – drought, salt

10/ 09.12. GREEN SYSTEMS BIOLOGY – 
Importance of integrating „omics“ techniques to phenotyping for tolerant varieties

For private use only!

Every 
Wednesday 12:30 am



Literatur

Petra Marschner/ Horst Marschner
Mineral Nutrition of Higher Plants
ISBN-10: 0123849055
ISBN-13: 978-0123849052

Emanuel Epstein, Arnold J. Bloom 
Mineral Nutrition of Plants: Principles 
and Perspectives
ISBN-10: 0878931724
ISBN-13: 978-0878931729
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N- Nutrition Sources
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Nitrogen -                  Transport
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Cation Uptake 
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Nutrient Uptake of vascular Plants 
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Cell Wall – Cellulose Fibers 
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Apoplast 
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cellulose is a piezoelectric macromolecule !

polygalacturonic acid



Synplast 

For private use only!

mucines (slimes) are also colloidal, 
piezoelectric macromolecules !

polygalacturonic acid

… no communication without slime!

glycoproteines



Mucus/Mucigel  
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known traits
● Colloidal + nano-properties
● vegetation specific composition (root exudates) 
● lubricant for growing roots
● humidity conserving and pH/RP buffering 
● soil aggregate stabilising and cytostatic 

environment
● self organizaton of membranes and tubuli
● regenerated/ing habitat for microorganisms

hypothesized Mucigel Functions
● root exudates control nutrient uptake
● root exudates facilitate MiO succession



Root structure  
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The Casparyan Strip (red ) constitutes the main 
● barrier aginst the “chemically hostile environment” 

of vascular plants.

The embryonal root tip and the endogenous
root branches are the weak points of the system:
this is where the water stream may circumvent
the endodermis and the casparian strip ! 



Hostile Soil  
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• polyphenols
• radicals
• heavy metals
• salt
• bacteria
• hyphae

… a cytostatic environment ?



Ion Uptake  

For private use only!



Ion Uptake  
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multi stage
Ion uptake due to
different 
mechanisms



Ion and Water Uptake  
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Ion and Water Uptake  
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Hydratisation
Chelatisation

Siderophores



Law of the Minimum  
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Liebig's law of the minimum, often 
simply called Liebig's law or the law of 
the minimum, is a principle developed 
in agricultural science by Carl 
Sprengel (1828) and later popularized 
by Justus von Liebig. It states that 
growth is controlled not by the total 
amount of resources available, but by 
the scarcest resource (limiting factor).

https://en.wikipedia.org/wiki/Liebig%27s_law_of_the_minimum



Ion Concentrations of Plants  
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Tradescantia fluminensis,
nutrient deficiency assay
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Ion Concentrations of Plants  
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Potassium – Calcium 
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Chelatisation

K+ is Phloem mobile, Ca++ is not!



Phloem Loading, H+,K+-Sucrose Cotransport  
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Standard Potentials - Series of Elements  
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K+ -2.99

Sucrose  +1.25

OH-



Sucrose Transport – Neuron Analogy  
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Saltatory conduction



Sucrose Storage  
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Sucrose storage in storage
parenchyma



Electric signaling in Plants  
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Donnan Potential
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Some ionic species can 
pass through the barrier 
while others cannot. The 
solutions may be gels or 
colloids as well as 
solutions of electrolytes, 
and as such the phase 
boundary between gels, or 
a gel and a liquid, can also 
act as a selective barrier. 
The electric potential 
arising between two such 
solutions is called the 
Donnan potential.



Bioelectronics
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Root Exudation

For private use only!



Root Exudates
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Root Exudates: Flavonoides 
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Chobot et al. 2009

Quercitin

O

Flavonoid basic structure



Proteoid Clusters

For private use only!

Proteoid roots, also known as 
cluster roots, are plant roots that 
form clusters of closely spaced 
short lateral rootlets. 
They may form a two- to five-
centimetre-thick mat just beneath 
the leaf litter. 
They enhance nutrient uptake by 
chemically modifying the soil 
environment to improve nutrient 
solubilisation (citrate, 
flavonoids...)
 As a result, plants with proteoid 
roots can grow in soil that is very 
low in nutrients.

 



Rhizosphere                  concept
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Rhizosphere                  Ecosystem
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Bioelectricity in Photosynthesis
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