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Curriculum links
National 5 Unit 3, Life on Earth
	Mandatory Course key areas 

	Suggested learning activities 

	Exemplification of key areas 


	c. Nitrogen in ecosystems 
Animal and plant proteins are produced from nitrates. The roles of nitrifying, denitrifying, root nodule and free-fixing soil bacteria. 
Decomposers convert proteins and nitrogenous wastes to ammonium and nitrate. 
	Construct simple flow diagrams that illustrate the cyclical activities in the Nitrogen cycle. 

	Fertilisers supply nitrates to increase yield. 
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This practical activity is based on an investigation in Practical Microbiology for Schools, Society for General microbiology, 2008. Because it involves microbiological sterile technique, this practical is suitable for S5 /6 pupils.
Prior to carrying out any microbiological work in schools, reference should be made to the guidance in Safety in Microbiology, A Code of Practice for Scottish Schools and Colleges,  SSERC, 2012

The purpose of this activity is to show that free-living nitrogen-fixing bacteria occur in soil and that these can be isolated from soil.
Background
Azotobacter is a free-living soil bacterium which can fix gaseous atmospheric nitrogen to ammonia.  The ammonia can then be incorporated into organic nitrogen compounds and used by plants.  The processes involved in nitrogen fixation are catalysed by a series of nitrogenase enzymes.  Oxygen inhibits the action of nitrogenase.   In order to protect the nitrogenase 

enzymes from oxygen, Azotobacter has an extremely high respiration rate (the highest of any known organism) which ensures that the concentration of oxygen in the cytoplasm of Azotobacter cells is always very low.  Azotobacter also produces a mucoid ‘slime’ to exclude oxygen.
Soil crumbs are grown on nitrogen-free mineral salts agar and on nutrient agar.  Comparisons of any subsequent microbial colonies can be made.  
Nitrogen-fixing bacteria will be unable to compete with other non-nitrogen-fixing soil microorganisms for nutrients on the nutrient agar, but will have an advantage on the selective nitrogen-free mineral salts agar. Therefore, colonies of nitrogen-fixing bacteria should grow well on the nitrogen-deficient agar.
Pupils should be made aware of the necessity for ‘sterile technique’ and the procedures involved should be demonstrated and explained.
Materials and chemicals 
We suggest that just enough soil crumbs for sprinkling on each plate are provided in 2 small sterile bottles.
For the class - one of each type of plate to be kept unopened as controls.
For each group of pupils
· 2 x small bottle of soil crumbs
· Bunsen burner and heatproof mat
· 1 x Nutrient agar plate
· 1 x Nitrogen-free plate
· Marker pen
· Sticky tape
· Small bottle of 1% bleach (for disinfecting the work area)
For 500 cm3 Nitrogen-free mineral salts agar
Dissolve 0.5g FeCl3.6H20 in 500 cm3 distilled water.
Add:
· 2 g K2HPO4
· 0.25 g MgSO4.7H20
· 10 g glucose

Dissolve and check pH, adjust to 8.3 if necessary using 0.1M NaOH.

Pour into a bottle containing 1 g CaC03 and 7.5 g agar.  Autoclave at 1210 C for 20 minutes.

Mix to disperse the CaC03 prior to pouring plates.
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