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Nitrogen-fixing bacteria in the root nodules of leguminous plants

The purpose of this investigation is to show that:

· there are microbes in the nodules on the roots of leguminous plants

· although these microbes usually depend on the plant to grow – because they have a symbiotic relationship with the plant – you can culture them on a suitable medium

· the main microbes that will grow here are bacteria called Rhizobium that are able to fix nitrogen from the air and make it available to plants.

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.

Investigation

a Collect a plate containing mannitol yeast extract agar medium (MYEA). Label with your initials, date and ‘Root nodules’. 

b Transfer several drops of ethanol (IDA) 70% (v/v) to a sterile Petri dish using a Pasteur (dropping) pipette with a teat. Put the pipette into your discard pot.

c Collect a plant. Rinse the soil off the roots under running water so you can see any nodules. Choose a length of root that has pink nodules and cut off a 1 cm portion using a scalpel. Hold the root by forceps and rinse off any more adhering soil using tap water. Then put your washed root into the Petri dish of ethanol (IDA) for 1-2 minutes to sterilise it.

d Using aseptic/ sterile technique from here onwards, transfer enough sterile water to cover the base of a sterile Petri dish using a sterile Pasteur pipette. Keep the pipette sterile for later use by resting it under the lid of another sterile Petri dish.

e Sterilise forceps by dipping in ethanol (IDA) then quickly flaming and allowing to cool. Use them to transfer the root to the sterile water to rinse off the ethanol (IDA). Repeat this twice more with fresh sterile water.

f Transfer a few drops of sterile water to a sterile Petri dish and add the portion of root using sterile forceps. Macerate (mash) the nodules with the forceps or a sterile glass rod to produce a milky fluid.

g Sterilise a wire loop by flaming, take a loopful of macerated nodules and make a streak on the MYEA medium (see diagram below). Flame the loop again. 
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h Secure the lids on the plates with adhesive tape.

i Give the plates to your teacher to incubate at 20 – 25 °C for 3-4 days.

j Next lesson, study the colonies on the plate. Do not open the plate. 

Questions

1 What does symbiosis mean? What does mutualism mean?
2 Rhizobium fixes nitrogen only when growing inside the roots of plants. What must the agar medium provide for them?
3 [image: image2.jpg]Draw the patterns of growth here.

4 Is there only one type of microbe growing, or more than one?
5 What is the effect of the treatment with ethanol (IDA)?
6 Where do you think most of the microbes growing on the agar plate have come from?
7 Where might any other microbes have come from?
8 Do you think the microbes are fixing nitrogen while they are growing on the agar plate? How could you find out?
9 How will nitrogen fixed by these bacteria be transferred to the soil and to other living things?
10 Highlight the position of these root nodule bacteria on a diagram of the nitrogen cycle.

Answers

1 Symbiosis and mutualism are often used interchangeably. In close living relationships between two organisms, each organism gains an advantage from the presence of the other. As Rhizobium is an obligate mutualist – this means it cannot fix nitrogen other than in association with a plant that can make root nodules.
2 The agar medium must be providing whatever the plant would have provided. 
3 See students’ drawing.

4 There may be more than one, but Rhizobium should dominate.
5 The ethanol treatment should sterilise the equipment and remove any bacteria other than those inside the root nodules.
6 Most of the microbes should have come from the macerated root nodule.
7 Some other microbes might have come from within the plant nodule, or most likely from traces of adhering soil, or from poor aseptic technique.
8 They are not fixing nitrogen as they are now in aerobic conditions and not protected by leghaemoglobin removing the oxygen. 
9 See teaching notes – all the nitrogenous compounds ends up back in the soil after decomposition of plants/ microbes/ animals. Some will be converted to nitrate, and some returned to gaseous nitrogen by denitrification.
10 Highlight the roots of leguminous plants.
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