Unit 4  Populations and environment


5  Nutrient Cycles
The role of microorganisms in the carbon and nitrogen cycles in sufficient detail to

illustrate the processes of saprobiotic nutrition, ammonification, nitrification, nitrogen

fixation and denitrification.

All living organisms require a variety of nutrients for healthy growth

Plants obtain these elements in one of two ways

· As ions from the soil e.g. phosphates, nitrates

· As molecules from the air e.g. carbon dioxide

Animals and other consumers obtain these elements by 

· Eating plants which contain the element

· Eating animals which contain the elements

Matter cycles between the biotic environment and in the abiotic environment. 
1.  Simple inorganic molecules (such as CO2, N2 and H2O) are assimilated (or fixed) from the abiotic environment by producers and microbes, and built into complex organic molecules (such as carbohydrates, proteins and lipids).
 (In science organic compounds contain carbon–carbon bonds, while inorganic compounds don’t.) 

2  These organic molecules are passed through food chains and eventually returned to the abiotic environment again as simple inorganic molecules by saprobiotic micro organisms such as decomposers.   The micro organisms will absorb some of the nutrients but the rest are released as inorganic substances e.g. ions (ammonium) or molecules (carbon dioxide) which can be taken up by the plants. Without either producers or decomposers there would be no nutrient cycling and no life.
Copy Fig 1 page 88
.

The Carbon cycle

Carbon is a component of all major biological molecules:

Carbohydrates

Lipids

Proteins

Nucleic acids (DNA, RNA)

Carbon moves through living organisms and the non-living environment and involves 4 processes:  photosynthesis, respiration, decomposition and combustion.

Respiration, photosynthesis and Carbon Dioxide 
The levels of Carbon dioxide fluctuate daily – in daylight plants respire and photosynthesis  At night they only respire

Thus  there is  ______________ Carbon Dioxide in the are surrounding the plants at night and ___________ during the day

The levels of Carbon dioxide fluctuate during the year – In winter due to cooler temperatures shorter day length and loss of leaves the amount of photosynthesis is reduced so :-

In the winter the levels of Carbon dioxide are _________ than in the summer

Read page 89 and make any additional notes

Complete summary questions   Page 90
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The greenhouse effect and global warming

What are the main greenhouse gases?

___________________________________________________________________________________________________How is methane gas produced?

____________________________________________________________________________________________________________________________________
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Global warming – this is the term used for the increase in average global temperature over the last century.  
Human activities have added large amounts 
of greenhouse gases to the atmosphere, which have accumulated and increased the amount of heat that is held at the earth’s surface. The amplified greenhouse effect leads to global warming and changes in climate. Average temperatures around the world are 1.4 °F (0.8° C) greater than they were in 1880 and many recent years have been the warmest on record

Connsequences of global warming (page 92)

How could global warming affect the niches that are available in a community

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What effect could global warming have on the following aspects:
· The yield of crop plants
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

· The life cycles and numbers of insect pests
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

· The distribution and numbers of wild animals and plants
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The Nitrogen Cycle

Nitrogen is a component of many of the major biological molecules

· Proteins (amino acids) 

· Nucleic Acids (DNA, RNA)

· ATP

There are four main stages in the Nitrogen Cycle:
Ammonification  __________________________________________________________________________________________________________________________________________________________

Nitrification

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Nitrogen Fixation

_________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________
Denitrification

__________________________________________________________________________________________________________________________________________________________
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Complete the diagram of the nitrogen cycle

[image: image5.png]Respiration
o

3348

[ 4.1%—> New tissue

Sunlight
1046700
K year™

Girass|

Bullock

62.5%

~

Facees and urine







Plants take up _____________ from the soil 

They are used by the plants to produce nitrogen containing compounds such as _____________________

· Primary consumers eat the plants and the protein is digested to form ___________________ - these are absorbed  in the small intestine and used to make tissue in the primary consumer

This process will continue through the food chain

· Plants and animals die – their bodies contain nitrogen containing compounds

Animals excrete nitrogenous substances e.g. ___________________

These compounds are available to decomposers ( or ___________________________ ________________________________________)
· The nitrogen containing compounds are digested by decomposers releasing _________________________into the soil

· _____________________bacteria convert the _______________________ ions into _______________ and then to _________________________

In addition

In anaerobic conditions denitrifying bacteria are found in large numbers

These use ________________ as a supply of oxygen for respiration

The result is that the nitrates are reduced to __________________ gas which is released into the atmosphere

This means that less nitrates are available for plants

Nitrogen gas can be made available to plants by a process called ________________

 Free living nitrogen-fixing bacteria reduce ________________ to ___________________ which are used to make ________________________
Mutualistic nitrogen fixing bacteria fix _____________________________ and transform it into _______________________________ for use by the plants

Recall Questions:

1 What is the difference between nitrifying bacteria and denitrifying bacteria

2 Which are used to release nitrates

3 Which release Nitrogen into the air

4 What is the name of the bacteria that are used to obtain nitrogen from the atmosphere

Exam Questions

1 The activities of nitrogen-fixing bacteria, nitrifying bacteria and decomposers help to maintain the fertility of the soil in alley-cropping. Describe how.           (6 marks) mod 5 0107

2  The diagram shows part of the nitrogen cycle.

(a) Name processes P and Q.

P ..........................................................................

Q ..........................................................................

(2 marks)

(b) It is estimated that, each year, a total of 3 × 109 tonnes of ammonia are converted to nitrate. Only 2 × 108 tonnes of ammonia are produced from nitrogen gas. Explain the difference in these figures.

...............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

 (2 marks)

(c) The conversion of ammonia to nitrate involves oxidation. What evidence in the diagram supports this?

........................................................................................................................................................................................................................................................................................................................
 (1 mark)  0105

3  In the activated sludge method of sewage treatment, organic matter in untreated sewage supplies nutrients to bacteria in the treatment tank. These bacteria include decomposers and nitrifying bacteria. The bacteria are eaten by ciliated protoctistans, which are, in turn, eaten by carnivorous protoctistans.

(i) Explain the roles of the decomposers and the nitrifying bacteria in converting nitrogen in organic compounds in the sewage into a soluble, inorganic form. 


(3 marks)
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

(ii) Nitrifying bacteria are one kind of bacteria that are important in the nitrogen cycle; nitrogen-fixing bacteria are another kind. Describe the part played by nitrogen-fixing bacteria in the nitrogen cycle.

............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

 (2 marks)

(c) The organic matter in untreated sewage consists of small particles, which are suspended in water. Activated sludge consists of solid lumps (flocs) of organic matter and bacteria. When the two are mixed in the treatment tank, bacteria from the flocs become dispersed in the water and feed on the suspended organic matter, converting it to flocs. Different types of ciliated protoctistans feed on the bacteria.

_ Free-swimming protoctistans are able to move throughout the tank.

_ Crawling protoctistans can only move over the surface of the flocs.

The diagram shows the change in the nature of the organic matter in the treatment tank and the changes in the numbers of the different types of organisms present.
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(i) Explain the changes in the numbers of dispersed bacteria and the numbers of free-swimming protoctistans.

....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

 (3 marks)

(ii) Explain how the changes that occur in the treatment tank illustrate the process of succession.

.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... (4 marks)
Mod 50206


3  The diagram shows the transfer of energy from sunlight to a bullock feeding on grass.

(a) The energy stored in new tissue of the bullock each year is 125 kJm–2 year–1. Calculate the amount of energy trapped in photosynthesis each year by each square metre of grass. Show your working.
Answer ...................................... kJ (2 marks)

(b) The carbon present in organic compounds in the bullock’s faeces is recycled and made available to the grass. Describe how.

......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

 (3 marks) 0207

4  Nitrogenase catalyses the reduction of nitrogen during nitrogen fixation. The reaction requires 16 molecules of ATP for each molecule of nitrogen that is reduced.

(a) Nitrogen gas is the usual substrate for this enzyme. Name the product.

...........................................................................................................................................(1 mark)

(b) Nitrogenase also catalyses reactions involving other substances. Explain what this suggests about the shapes of the molecules of these other substances.

.................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... (2 marks)

(c) (i) Azotobacter is a nitrogen-fixing bacterium. It produces the enzyme nitrogenase. The

enzyme only works in the absence of oxygen.   Azotobacter has a very high rate of aerobic respiration compared with bacteria that do not fix nitrogen. Suggest two advantages of the very high rate of aerobic respiration.

.................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... (2 marks)

(c) (ii) If scientists could transfer the gene that codes for nitrogenase to cereal plants, these

cereal plants would be able to fix nitrogen. However, the scientists would expect these

genetically engineered cereal plants to grow more slowly than cereal plants that get their nitrogen from fertiliser. Explain why they would grow more slowly.

....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)

Jun 10
Nitrifying bacteria live mainly in soil and they convert ammonium compounds that result from decomposition, into nitrates that are useful to plants.


Dentrifying bacteria convert nitrates into nitrogen gas and as a result are prevented in farming since they quite literally turn the plants' nutrients into air.


And finally Nitrogen fixing bacteria they take nitrogen gas and make it into useful nitrogen compounds. There is a line direct to plants since these bacteria often live on the roots of the plants, allowing it to receive the compounds directly.





Ammonium 


ions





Ammonium containing molecules e.g. proteins in Producers





Ammonium containing molecules e.g. proteins in Consumers





Ammonium containing molecules e.g. proteins in Decomposers (saprobiotc micro-organisms)
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