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Nitrogen-fixing bacteria free-living in the soil

The purpose of this investigation is to show that:

· there are microbes in the soil

· some of those microbes can grow on a medium containing no added source of nitrogen

· the microbes that grow on the nitrogen-free medium are fixing gaseous nitrogen from the air.

If you see slimy (mucoid), colourless growth, it indicates the presence in the soil of the free-living, nitrogen-fixing bacterium Azotobacter.

Procedure 

SAFETY: 

Follow all the instructions your teacher gives you to make sure that:

· none of the organisms you grow escape into the environment

· you do not pick up any infections from the material you touch.
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 diagram 1: crumbs of soil on agar (© 2007 SGM)
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diagram 2: taped plate various growths (© 2007 SGM)

Investigation

a Collect one plate of each type of agar medium. Label one with your initials, date and ‘nutrient agar’. Label the other with your initials, date, and ‘N-free’.

b Using the spatula or forceps, place 10-20 crumbs of soil evenly over the surface of each plate (see diagram 1).

c Secure the lids on the plates with adhesive tape (see diagram 2).

d Give the plates to your teacher to incubate at 20-25°C for 2-3 days.
e Make sure one plate of each type of medium is left unopened as a control.

f Next lesson, compare the patterns of growth on the two plates. Do not open the plates. Identify the mucoid (slimy) colonies of Azotobacter. Look for any other colonies that you think might be nitrogen-fixing.

Questions

1 You are growing colonies of bacteria from soil. How can you be sure they have not come from the air, the sample bottles or the spatula/ forceps you used?
2 What is the difference between the two culture media?
3 What sources of nitrogen are available to microbes in the two culture media?
4 What sources of nitrogen are available to microbes in the soil?
5 [image: image3.jpg]What do living organisms need nitrogen for?

6 Draw the patterns of growth on your plates here.
7 Describe the similarities and differences between the two plates.
8 Can you see any growth that you think is Azotobacter?
9 How could you develop this investigation to gather more evidence that some of the colonies are nitrogen-fixers?
10 Highlight the position of these free-living bacteria on a diagram of the nitrogen cycle.

Answers

1 You can be sure they have come from something intentionally introduced if the plates left unopened as a control and then incubated are still clear of growth. You can be sure the sample bottles were sterile. You could check how sterile the spatula/ forceps are by touching them on a sterile plate of each type of culture medium. You could check for aerial contamination by leaving a plate open to the air for as long as you have your plate open to put the soil in.

2 The difference is that the N-free culture medium does not contain any added mineral or organic nitrogen. Organisms will grow on that medium only if they can convert gaseous nitrogen from the atmosphere into nitrogenous compounds. 
3 The constituents of the nutrient agar medium contain sources of nitrogen. For the N-free medium the sole source of nitrogen is the air.
4 Nitrogen-fixing microbes in the soil can make use of gaseous nitrogen from the air. Non-nitrogen-fixers use mineral or organic nitrogen in solution in soil water.
5 Living organisms need nitrogen to make amino acids, proteins (including enzymes), and nucleic acids.
6 Should reflect the patterns of growth.
7 There will be less diversity in the types of growth on the N-free medium. A little mould growth might occur on the N-free medium because of the presence of small amounts of fixed N-compounds, either synthesised by the growing nitrogen-fixing microbes or in the agar component (the solidifying agent) of the medium.
8 Growth of Azotobacter will be colourless and slimy (mucoid).
9 You could assay the medium once the colonies have grown to find out if it now contains nitrogenous compounds.
10 Use a diagram of the nitrogen cycle with an appropriate level of detail. 
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