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OVERVIEW 

• Historical background 

• Definition / characterization of  the rhizosphere 

• Importance of  the rhizosphere for plants (in general) 

• Rhizosphere effects on acquisition of  mineral nutrients 

• Role of  rhizosphere processes in sustainable     

 agricultural production systems 

• Rhizosphere management for better plant growth 

• Prospects 









The secrete world of roots 













High microbial 

population density in 

the rhizosphere: 

finger print of  the 

root/rhizosphere 



 Importance of  the rhizosphere for plants 

 Improved root growth 

 - Detoxification of  Al by root exudates 

 - Biosynthesis of  phytohormones by microorganisms 

 - Suppression of  pathogens 

 Improved nutrient acquisition / nutrient efficiency 

 Uptake of  toxic substances 

















Corn Sorghum 

TEXAS, USA 



bread 

wheat 

Zn efficient 

durum 

wheat 

Zn inefficient 



Rock-P Super-P 



 Rhizosphere effects on acquisition of  mineral 

nutrients (improved nutrient efficiency) 

Example 

• Phosphate efficiency 

• Iron efficiency (chlorosis resistence) 

• Zinc efficiency 

 Improved disease resistance due better Zn and Mn 

efficiency! 





Figure 6. Water-extractable Pi in a phosphorus-deficient sandy soil from Niger (West Africa) after 
separate or simultaneous addtion of acid phosphatase and of organic acids detected in 
the proteoid-rhizosphere soil solution of Hakea undulata. Organic acids: malic 7.5 mM; 
citric 2 mM; fumaric 1 mM; t-aconitic 0.6 mM acid phosphatase: Wheat germ Apase 
according to enzyme activity in rhizosphere soil [0.7 U g soil -1]. 
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Severe Fe deficiency chlorosis in a new cultivar of  lettuce 

on a calcareous soil in Italy 
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• Role of  rhizosphere processes in sustainable 

agricultural production systems 

Example: 

• Cereal / legume rotation (West Africa) 

• Improved growth by crop residues application 













On-farm trial (Niger) 

+ CR 

- CR 



Effects of  crop residues on growth 
• Protection of seedlings against wind erosion and high soil 

temperature 

•  Less soil crusting 

•  Return of nutrients 

•  Lower Al saturation 

•  Lower Al concentration in soil solution 

•  More Al complexation / detoxification 

•  Higher P concentration in soil solution 

•  Higher Mo concentration in soil solution 

•  Higher activity of diazotrophic bacteria 

more N2 fixation, more phytohormones! 

Better root growth 
Better nutrient acquisition! 



 Rhizosphere management for better plant growth 

• Fertilizer placement - homeopathic application rate 

• Seed coating with Zn, Mn, Mo 

• Use of NH4
+ + nitrification inhibiton 

• NH4
+ placement / “cultan” technique 

• Use of biofertilizer 

 - P mobilizing bacteria 
- N2 fixing bacteria 
- Phytohormone producing bacteria 
- Plant growth promoting bacteria 
- Pathogen suppressive bacteria 
- Mycorrhiza inoculum 



+ NPK (5kg/ha) 

seed placement 
Control 
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Zn concentration (mg kg-1 seeds) 
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 Summary - Prospect 

• Rhizosphere processes are important for growth 

improvement 

• Our knowledge in rhizosphere processes is still 

incomplete, e.g. if microorganisms/pathogens involved 

• A better understanding of rhizosphere processes will 

help to develop/establish new innovative fertilization 

techniques for integrated sustainable production 

systems. 
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