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The soil beneath us is composed of minerals, organic matter, and pore space (made up of air and water).  Click on the diagram to learn about these components.  
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The ratio of water and air in the soil pore 
 depends on soil moisture content
, click on the pore space in the pie chart above to see the ideal ratio for aerated soil.  
Gases like oxygen and carbon dioxide pass through air-filled pore space providing gas exhange that plants and soil organisms need for respiration. 


When a field is submerged, the amount of air and water in the pore space changes.  Click here to see what happens after submergence.  


The water layer covering the soil creates a barrier between the atmosphere and soil.  Oxygen from the atmosphere travels through the water layer at a much slower rate 
than air.  
Oxygen remaining in the soil is used by biological organisms and is quickly depleted.  The amount of oxygen in the soil becomes insignificant within a few hours of submergence.    
In the following lesson, you will learn about two soil zones: one with oxygen and the other without.

The soil below the water surface is depleted of oxygen a few hours after submergence.  The following paragraphs describe two processes that introduce air to the submerged soil resulting in thin soil zones with aerated soil properties.
A small amount of oxygen from the atmosphere is dissolved in the water layer.  This oxygen diffuses
 slowly through the water layer to the soil surface.  
Oxygen reaching the soil is rapidly consumed by soil substrates and microorganisms before it penetrates far into the soil. The surface oxygenated layer of soil is typically not more than 1 mm thick due to the slow diffusion of oxygen in the water and the fast consumption of oxygen in the soil.  
The soil below the oxygenated layer is without oxygen. 
Some plants like rice are adapted to submerged soil and have porous structures in the stem and root called aerenchyma
 tissues.  These provide a passage for gas to flow from the leaves to the roots and vice versa.  Most oxygen transported to the roots is consumed during respiration
 but a small amount may diffuse from the roots into the rhizosphere
.  

In lesson 3, you can learn more about the diversity of organisms living in the soil and how the rapid consumption of oxygen in submerged soil determines the type of organisms present.




Aerated soil contains tremendous diversity and quantity of organisms and microorganisms.  Click on the earthworm to see some examples.   Many of these organisms play an important role in the decomposition process.  In addition, nearly all of these organisms are aerobic
.  

Submergence starts a biological transition.  When oxygen in the soil is depleted, aerobic organisms die or become dormant.  They are replaced by organisms surviving without oxygen referred to as facultative
 anaerobes or obligate
 anaerobes.  
 The transition from aerobic to anaerobic organisms takes a few hours to days.    However, after this transition, some aerobic microorganisms continue to live in the thin oxygenated zones discussed in lesson 2.  

Bacteria are the predominant anaerobic microorganisms but some species of protozoa and nematodes may also be present.   Anaerobic organisms use chemical compounds and other soil substrates for respiration rather than oxygen.  
Respiration of anaerobic organisms causes changes in the soil chemistry which will be discussed in the next lesson.  

This website has a collection of videos showing different types of soil organisms. http://www.agron.iastate.edu/~loynachan/mov/ 


During respiration, organisms give off electrons while creating storable energy.  Oxygen molecules serve as electron acceptors during aerobic respiration.  When oxygen is absent, other types of atoms become electron acceptors.  Respiration in the absence of oxygen is called anaerobic respiration or fermentation.  
When an atom accepts an electron, it changes to a new form with very different chemical properties.  This is called reduction
.  The compound receiving the electron is described as reduced
.  Click here for an example of a reduction reaction.
Chemical compounds in the soil are reduced in a predictable sequence after submergence.  A different amount of energy is required to reduce each type of chemical compound.   Compounds requiring the least energy are reduced first.   Reduction of the next compound begins when reduction of the first is complete.
The following slide demonstrates the sequence of compounds being reduced after soil is submerged.   


When a soil is drained, this process happens in reverse.   Oxygen starts to move into the soil and chemical compounds react with oxygen to become oxidized
.  This process is called oxidation
.  
The next lesson will contrast the nutrient forms and features of the aerobic and submerged soils.

The last lesson explained that submergence causes a sequence of reactions that change the chemical compounds in the soil.  The table below 
shows the forms of elements as they are typically found in a drained or submerged soil.  

	Drained 
(Oxidized)
	Element
	Submerged

(Reduced)

	Nitrate (NO3-)                      N has a charge of +5
	Nitrogen
	Nitrogen gas (N2)                N has no charge (0)

	Manganese dioxide (MnO2) Mn has a charge of +4
	Manganese
	Manganese ion (Mn2+)     Mn has a charge of +2

	Iron Hydroxide Fe(OH)3    Fe has a charge of +3
	Iron
	Iron ion (Fe2+)                   Fe has a charge of +2

	Sulfate (SO42-)                    S has a charge of +6
	Sulfur
	Hydrogen sulfide (H2S)       S has a charge of -2

	Carbon Dioxide (CO2)        C has a charge of +4
	Carbon
	Methane (CH4)                   C has a charge of -4


The change in chemical forms results in a different soil color.  Bright colors indicate a well-drained soil.  Submerged soils change to a gray or blue-green color often referred to as gley
.   


Soil pH 
is another characteristic that changes based on the chemical forms present in the soil. Click to see what happens to soil pH when aerated soils that are acidic or alkaline become submerged.   
Neutral soil pH is more favorable for rice production.  Observe in the chart below how several nutrients are more available when soil pH is near 7.  In addition, some elements such as aluminum and iron are too available when soil pH is acidic and they can become toxic to the rice crop.  


Submerging the soil causes several physical changes in addition to the water layer that hinders gas exchange.   
Soil aggregates 
swell after becoming saturated and the pore space disappears.  Stirring the saturated soil, called puddling
, destroys aggregation and creates a watertight layer that reduces the downward flow of water in the soil. This is beneficial for rice production since less water is needed to maintain submerged conditions.     
Submergence means the rice plant has greater access to water, especially during critical growth stages.  Rice is particularly sensitive to water shortage during flowering.  Increasing water retention in soil helps reduce the risk of stress due to insufficient supply of water for rice.  
In some rice production areas, modification of soil temperature is an important benefit.   Soil and water respond differently to changes in air temperature.  
As a result, submerging the soil helps reduce low temperature injury at night in cooler climates.  Submergence also keeps soils cooler where high temperature injury may be a problem.  

An important agronomic and economic benefit is the reduction in weed competition.  Germination of many weed species is reduced when the soil is continuously submerged.  Rice farmers can use soil submergence to reduce weed emergence and weed competition
.  
This is the last lesson of Module 2.  Use the questions on the next screen to test your knowledge from this module.
Be able to explain the effect of submergence on the supply of oxygen in soil.





How does submergence affect the supply of oxygen in soil?
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Module 2





Main components of soil 





Role of soil pores in aerated soil  





Submergence changes the volume of air and water in the pore space





Oxygen is depleted  





Be able to discuss the formation of two soil zones after submergence.








What causes the formation of an oxygenated soil zone after submergence?
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Next lesson  





A predictable sequence of reduction 





Oxygen diffuses through the water layer





Lesson 5





Oxygen passes through aerenchyma tissue to the rhizosphere 





Describe the biological changes caused by submergence.








How does submergence change the soil biology?
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Soil: home to a grand diversity of organisms





A biological transition of organisms





Module 2





Describe the chemical changes that take place in submerged soil.








How does the respiration of anaerobic organisms affect the soil chemistry? 
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Identify the physical changes taking place with submergence.








What are the physical effects of submergence?
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Next lesson  





Next lesson





Formation of a watertight layer  








Chemical compounds instead of oxygen





A predictable sequence of reduction 





A shift in soil pH





Neutral pH is good for rice production








A plant tissue with air cavities for gas to move from plant parts above the water to parts which are below water.  Aerenchyma are found in plants adapted to water-logged environments.





MnO2 + 4H+ + 2e- = Mn2+ + 2H2O














The electrical charge of the manganese on the left (MnO2) is 4+ while the charge of the manganese ion on the right is 2+.  The 2 electrons shown on the left (2e-) were gained by the manganese resulting in the reduction from 4+ to 2+.  During this reaction, 2 oxygen atoms split from manganese and joined 4 hydrogen ions (4H+) to create 2 water molecules (2H2O).








More water is available 





Moderation of soil temp 





Reduced weed competition 

















Mn2+ is reduced





Water limits air flow into the soil





Pore space is important for gas exchange 





Chemical changes through reduction





























Next lesson





Mn4+ 





A change in color





Oxidation: the process in reverse 





Be able to explain how submergence affects chemical compounds and soil pH.








What are some of the contrasting features of a submerged and an aerated soil?








Properties of Submerged Soils





Objective





Additional Reference





A different kind of respiration








�Click on each soil component to learn more:   


• Mineral matter makes up about 45% of the soil volume and is composed of many different chemical elements.


• Organic matter (O.M.) is an important source of plant nutrients.  O.M. content can range from less than 1% to more than 90% of soil weight but 5% is a more typical value.  Mineral and organic matter make up the solid soil components.


• Pore space is the area between solid soil particles.  A primary role of the pore space is providing air and water for plants and other living organisms.


�The space between soil particles that is filled with water and air.  It is important for the movement of water, gas, and nutrients to flow within the system.  Pore size depends upon the kind of minerals making up the soil.  Sand ishas more pore space than clay.  Compaction also influences pore space.


� The amount of water in the soil.  It can be expressed by weight (gravimetric) or by volume (volumetric).


�This could be in a pop up box after clicking on the diagram at the right.


�Use a link to explain that diffusion of oxygen through the water layer is 10,000 times slower than through the air filled pore space.


�the process where molecules spread from areas of high concentration to areas of low concentration.


�This can be a pop up statement appearing when the water layer is rolled over. 


�This can be a pop up statement appearing when the light colored layer is rolled over.


�


�the process in which glucose and other molecules are converted into usable energy


�The rhizosphere refers to the narrow zone of soil directly influenced by plant roots.  It contains many microorganisms.  Soil not part of the rhizosphere is called bulk soil.


�An organism requiring oxygen to survive.  Oxygen accepts electrons during respiration to produce storable energy.


�This statement can be in the diagram with the organisms.


�An organism that can live with or without oxygen.


�An organism that can NOT live in the presence of oxygen.


�Create an illustration for this


�A chemical reaction with a gain of electrons.  This often happens with the loss of oxygen.


�A chemical compound that went through reduction and has gained an electron. 


�A compound that has went through oxidation and has lost an electron.


�A chemical reaction with a loss of an electron.  This often happens through the gain of oxygen or loss of a hydrogen ion.  


�Use Flash to make this table interactive.  Maybe select the element like Nitrogen and then pull it to the drained side and it will reveal the form and information about N in that environment.  When you move it to the submerged side it will reveal information for that environment.


�Picture of gley soil in Brady p. 498, plate 20


�Soil pH is an important soil characteristic influencing other chemical and physical variables.   Soil with pH <7 has more hydrogen ions and is acidic.  A soil pH >7 has more hydroxide ions and is called basic or alkaline.


�Groups of soil particles bound together by moist clay, organic matter, and thin fungal strands.


�Puddling is mixing the soil when it is saturated.  It is a standard field preparation activity for rice production in a submerged environment.  Puddling is usually performed with a draught animal or tractor pulling an implement such as a harrow to mix the soil.  Steel cage wheels often used on a two wheel tractor contributes to the soil mixing and compacting.   Click here to view a video of puddling.


�Include pictures contrasting rice environments.
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