Nitrogen Cycling in Soil
Exercise 12-3
Introduction
Few environments provide a greater variety of microorganisms than the soil. The nitrogen cycle involves a series of rather complex processes, most of which are mediated by soil microorganisms (figure 1). By conducting a series of biochemical tests on a soil sample, you can gain an understanding of the role microorganisms play in the nitrogen cycle. 
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Figure 1. The Nitrogen Cycle
Ammonification
The nitrogen in most plants and animals exists in the form of protein. Most of the nitrogen in soil exists in the form of organic molecules, mostly proteins derived from the decomposition of dead plant and animal tissue. When an organism dies, its proteins are attacked by the proteases of soil bacteria to produce polypeptides (peptones) and amino acids (C2H4NO2R). This process is called peptonization. Then, the amino groups on the amino acids are removed by a process called deamination, producing ammonia (NH3). In most soils, the ammonia dissolves in water to form ammonium ions (NH4+). 
The process of the production of ammonia from organic compounds is called ammonification (figure 1). In addition to the ammonification of amino acids, other compounds such as nucleic acids, urea, and uric acid go through the ammonification process. The bacteria that accomplish it (Bacillus, Clostridium, Proteus, Pseudomonas, and Streptomyces) are called ammonifying bacteria. Ammonification of organic compounds is a very important step in the cycling of nitrogen in soils, since most autotrophs are unable to assimilate amino acids, nucleic acids, urea, and uric acid and use them for their own enzyme and protoplasm construction.
To demonstrate the existence of this process we will inoculate peptone broth with a sample of soil, incubate it for a week, and test for ammonia production. After a total of 7 days incubation it will be tested to see if the amount of ammonia has increased.
	
FIRST PERIOD (Inoculation)

Materials:

1 tube of Peptone Broth (Ammonia Forming Broth)
soil sample
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1. Weigh out 0.1 gram of soil.

2. Add the soil to a tube of Peptone Broth (Ammonia Forming Broth).

3. Label the tube with the soil description, your group name, and the date.
4. Incubate at room temperature with the cap loosened for 1 week.
SECOND PERIOD (Ammonia Detection)
After 7 days, test the medium for ammonia with the following procedure.
Materials:
Inoculated and Incubated Peptone broth/soil culture 
Uninoculated Peptone broth 

Nessler's reagent

spot plate
1. Deposit a drop of Nessler's reagent into a depression of a spot plate.

2. Add a drop of the inoculated peptone broth/soil culture to the Nessler's reagent in the depression.

3. Repeat steps 1 & 2 using uninoculated peptone broth.
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4. Interpret the amount of ammonia present as follows:
a. No color-no ammonia -
b. Pale Orange color-small amount of ammonia +
c. Orange-more ammonia ++
d. Brown precipitate-large amount of ammonia +++
5. Compare results with the uninoculated control. Record results.
Incubated Soil Culture
Uninoculated Broth
Ammonia



Ammonification Questions
1. In the natural situation, what compounds serve as the source of the ammonia released in ammonification?

2. In simple terms, what occurs during decay?

3. Differentiated between the following:

· Peptonization:

· Deamination:

· Ammonification:

Nitrification
Some microbes can utilize nitrates as electron acceptors and metabolize organic substances without the need for oxygen. This process reduces nitrates to nitrites and free nitrous oxide and nitrogen gases (NH4+NO2- NO3-).  The nitrate released into the soil is highly soluble and easily assimilated by photoautotrophic bacteria, algae, and plants that convert it into the amino acids needed for their own enzyme and protoplasm construction. This process is called nitrification (figure 1). 

The chemoautotrophic bacteria that accomplish it (Nitrobacter, Nitrococcus, Nitrosococcus, and Nitrosomonas) are called nitrifying bacteria. These chemoautotrophs use the energy of reduced nitrogen compounds, such as ammonium and nitrite, as an energy source for the autotrophic production of organic compounds. Nitrification requires oxygen as a reactant and occurs in aerobic soils.
To demonstrate the existence of nitrification we will inoculate two broths with a sample of soil, incubate them for a week, and test for nitrite and nitrate production. Ammonium sulfate broth (nitrite forming broth) will be observed to see if ammonium has been converted to nitrite (NH4+NO2-) in the tube. Nitrate forming broth will be observed to see if nitrite has been converted to nitrate (NO2- NO3-) in the tube. After a total of 7 days incubation the tubes will be observed to see if nitrite and nitrate has been released.
	FIRST PERIOD (Inoculation)

Materials:

1 tube of Ammonium Sulfate Broth (Nitrite Forming Broth) 
soil sample
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1. Weigh out 0.1 gram of soil.

2. Add the soil to a tube of Ammonium Sulfate Broth (Nitrite Forming Broth).

3. Label the tube with the soil description, your group name, and the date.

4. Incubate at room temperature with the cap loosened for 1 week. 
SECOND PERIOD (Nitrite Detection)

After 7 days, test the medium for nitrite with the following procedure.
Materials:
Inoculated and Incubated Ammonium Sulfate (Nitrite Forming) broth/soil culture 
Uninoculated Ammonium Sulfate (Nitrite Forming) broth

Trommsdorf's reagent

Diluted sulfuric acid 
Spot plate
1. Place three drops of Trommsdorf's Solution on a spot plate. With a separate pipet, add one drop of diluted sulfuric acid and mix. CAUTION: DO NOT TOUCH THE SULFURIC ACID. Dispose of this pipet in the proper disposal bag.

2. Add a drop of the nitrite-formation/soil culture with a pipet. Dispose of this pipet in the proper disposal bag.
3. Repeat steps 1 & 2 using uninoculated nitrite forming broth.
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4. Interpret the amount of nitrite present as follows:
a. clear -

b. pale blue+

c. blue++

d. blue/black+++
5. Compare results with the uninoculated control. Record results.
Incubated Soil Culture
Uninoculated Broth
Nitrite



	FIRST PERIOD (Inoculation)

Materials:

1 tube of Nitrite Broth (Nitrate Forming Broth) 
soil sample
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1. Weigh out 0.1 gram of soil.

2. Add the soil to a tube of Nitrite Broth (Nitrate Forming Broth).

3. Label the tube with the soil description, your group name, and the date.

4. Incubate at room temperature with the cap loosened for 1 week. 
SECOND PERIOD (Nitrate Detection)

After 7 days, test the medium for nitrite with the following procedure.

Materials:
Inoculated and Incubated Nitrite (Nitrate Forming) broth/soil culture 
Uninoculated nitrate forming broth

Concentrated sulfuric acid 
Spot plate
Nitratesmo paper strip 

White paper
1. Place a drop of concentrated sulfuric acid on a spot plate with a pipet. CAUTION: DO NOT TOUCH THE MOISTENED END OF THE NITRATESMO STRIP OR THE SULFURIC ACID. Dispose of this pipet in the proper disposal bag.
2. Dip the Nitratesmo paper strip into the nitrate formation/soil culture and apply excess liquid to a piece of paper toweling. Dip the moistened Nitratesmo paper quickly into the sulfuric acid and lay the strip on a spot plate placed over white paper.
3. Interpret the amount of nitrate present as follows:
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a. red ++ (nitrates present)

b. orange + (nitrates and nitrites present)

c. yellow - (nitrites present)

4. Dispose of paper toweling and Nitratesmo strip in the proper disposal bag.
5. Compare results with the uninoculated control. Record results
Incubated Soil Culture
Uninoculated Broth
Nitrate



Nitrification Questions

1. In the natural situation, what compounds serve as the source of the nitrite released in nitrification?
2. Why is nitrification an example of aerobic respiration?

3. What happens to nitrogen in the soil when nitrification takes place?

Denitrification
Some microbes can utilize nitrates as electron acceptors and metabolize organic substances without the need for oxygen. This process reduces nitrates to nitrites and free nitrous oxide and nitrogen gases (NO3- NO2- N2ON2). The gases diffuse out the soil and into the atmosphere removing their nitrogen from the nitrogen exchange pool. This process is called denitrification (figure 1). 
The bacteria that accomplish it (Alcaligenes, Bacillus, Paracoccus, Pseudomonas) are called denitrifying bacteria. Denitrification happens most frequently in waterlogged, anaerobic soils. It can be minimized aeration of the soil by cultivation.

To demonstrate the existence of this process we will inoculate nitrate broth in a Durham tube with a sample of soil, incubate it for a week, and test for gas production. After a total of 7 days incubation it will be observed to see if nitrogen gas has collected in the Durham tube.

	FIRST PERIOD (Inoculation)

Materials:

1 tube of Nitrate Broth (Nitrogen Gas Forming Broth) Durham Tube (containing an inverted vial)
soil sample
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1. Weigh out 0.1 gram of soil.

2. Add the soil to a tube of Nitrate Broth (Nitrogen Gas Forming Broth).

3. Label the tube with the soil description, your group name, and the date.

4. If any gas is present in the inverted vial, remove it by inverting the entire tube and tapping lightly.
5. Incubate at room temperature with the cap tight for 1 week. 
SECOND PERIOD (Gas Detection)

After 7 days, test the medium for nitrogen gas with the following procedure.

Materials:
Inoculated & Incubated Nitrate (Nitrogen Gas Forming) broth/soil culture Durham Tube

Uninoculated Nitrate (Nitrogen Gas Forming) Durham Tube

1. Observe the Inoculated and Incubated nitrate broth/soil culture Durham tube. Look for a gas bubble inside the inverted vial.

2. Repeat step 1 using uninoculated nitrate broth Durham tube.

3. Interpretation of nitrogen gas presence is as follows: 
a. Gas present in inverted vial +

b. No gas in inverted vial –

4. Compare results with the uninoculated control. Record results.
[image: image9.jpg]



Incubated Soil Culture
Uninoculated Broth
Nitrogen Gas




Denitrification Questions

1. In the natural situation, what compounds serve as the source of the nitrogen gas released in denitrification?
2. Why is denitrification an example of anaerobic respiration?

3. What happens to nitrogen in the soil when denitrification takes place?
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