FUNDAMENTALS OF SOIL SCIENCE

6. SOIL WATER ENERGY AND MOVEMENT
A. SOIL WATER

There are two types of water flow commonly found in the soil:

· Vapor flow, is the movement of water as a gas from areas of cold, moist soil to warm, dry soil.
· Liquid flow, is the movement of water as a liquid from areas of higher water pressure to areas of lower water pressure. 

All water flow is affected by the amount, size, and continuity of soil pore spaces which determines the soil's water conductivity.

Water flow through a soil can be expressed as: 

Water flow = conductivity x pressure gradient

Water content
· Gravimetric, weight basis:
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· Volumetric water content:
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Water molecule

The forces for the movement of water are associated with the electromagnetic charge of the water molecules and gravity.

Since water molecules have an asymmetric structure with positive and negative poles, are dipolar.

This dipolar property accounts for water being attracted to cations, anions, and the charged surfaces of soil particles. 
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Definitions

· Permeability, the ease with which liquids, gases and roots pass through the soil.

· Hydraulic conductivity, permeability of soil for water.
· K sat, permeability of soil for water when saturated.

Average values for Michigan soils:

· Sandy soils, 10 inch/hour.

· Loam soils, 1 inch/hour.

· Clay soils, 0.1 inch/hour.

Adhesion water
Is the attraction between a water molecule and a soil surface or soil particle.

Adhesion water is held very tightly to soil particles by adhesive forces and therefore has a high energy of adsorption.
Adhesion water exists in air dry soils.

Cohesion water
Is the attraction between a water molecule and another water molecule.
Additional films of water surrounding the soil particle are held by cohesive forces.
As the cohesive films of water surrounding the soil particle increase, the water molecules in the outer layer of the film decrease in energy of adsorption.
Gravitational water
Is the soil water that exists in aeration pores, and that is normally removed by drainage because of the force of gravity.
A point is finally reached where the energy of adsorption in the outer film is so weak that capillarity can no longer hold the water and it is pulled downward by gravity.

Capillarity
Water molecules are attracted to the glass by adhesion and to one another by cohesion.
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This upward movement continues until the weight of the water or gravitational force pulling the water down is equal to the capillary force pulling the water molecules up.
The smaller the diameter of the glass tube, the higher the water rises.
The height that water rises is inversely proportional to the diameter of the tube and can be expressed as:
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Capillary forces are responsible for three important kinds of water movement in unsaturated soils:
· Upward into unsaturated soil from a water table or saturated soil.
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· Lateral in unsaturated soil to the plant roots.
· Downward through unsaturated soil following rain or irrigation.
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Adsorption
With increasing distance from the mineral surface, the cohesive forces of the water molecules become weaker, thus decreasing the energy of adsorption.
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As the energy of adsorption decreases, the ease with which water can move in the soil increases.
Water potential
The work done to move water from a pool of pure water to soil, mineral and organic surfaces attract water: negative work.




Soil water conditions

Largest
   Smallest







  Pores
     Pores


   WP



FC
 Saturated






   -15


      -1/3          0

           plant unavailable               plant available           gravitational



    water

           water

         water




Matric potential

Expressions of soil water potential:
· 1000 cm water = 1 atmosphere.

· 1013 cm water = 1 bar.

· 1 bar = 1 atmosphere.

· Field capacity = -1/3 bar matric potential.

· Wilting point = -15 bar matric potential.

B. SOIL WATER MOVEMENT

Water movement in soils, is from regions of higher energy water to regions of lower energy water, thus, water runs downhill.
There are two types of liquid water movement that exist in the soil, saturated flow and unsaturated flow.
Darcy’s Law:
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V= velocity of flow.

K= hydraulic conductivity.

h= hydraulic head (head above ref).

d= distance of flow.

Quantity of water Qw:
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A= cross section area.

t= time.

Saturated water flow

Saturated flow is the movement of water through a soil that is saturated and all of the pore space is filled with water.
Under saturated flow conditions, water is pushed through the soil by positive pressure.
Saturated water movement through a soil is analogous to the movement of water through a faucet, it is under pressure.

The volume of water flow out of a faucet is related to the size of the opening and the amount of water pressure due to the force of gravity.
This relationship can be expressed as:
Flow volume = size of opening x pressure
Saturated water movement is faster through coarse textured soil with large pore space than fine textured soil with small pore space.
In other words, as pore size increases, saturated water movement increases.
Unsaturated flow

Unsaturated flow is the movement of water through a soil which is not saturated and the pore spaces are only partially filled with water.
Under unsaturated flow conditions, water is pulled through the soil by capillarity.
Unsaturated water movement is analogous to the movement of water into a paper towel that has been placed in a glass of water.
Paper towels contain pore space just like soils. Once the paper towel below the water line becomes saturated, water is pulled upward due to capillary forces, adhesion and cohesion.
Like the paper towel, water flow into an unsaturated soil is controlled by capillarity and water is pulled into the pore space.

Since the water in an unsaturated soil is mainly contained in the micropore space, movement is slower than in a saturated soil where water moves through the larger macropores.
The capillary movement of water appears to move laterally as rapidly as it does vertically.
Layered soil

When the moving water front encounters the coarse textured soil, downward movement stops. This occurs because the larger pores in the course layer can not pull the water downward out of the small pores in the fine textured layer.
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Water begins to move into the coarse textured soil only after the soil directly above it becomes nearly saturated.
When the moving water front encounters the fine textured soil, downward movement continues.
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Due to the smaller size of the soil pores, water movement into the fine textured layer is slower due to the low transmission rate.
Open channels

Water moves rapidly into the open channel due to gravity and once the channel is filled with water, further water movement is due to capillarity.
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When the water front encounters the impermeable layer, downward movement stops and water begins to accumulate.
Vapor flow

When soils are very dry, at or near air dry (about 5%HOH).

Move by vapour pressure differences.

Summary
	
	Saturated flow
	Unsaturated flow

	Primary force:
	gravity
	capillarity

	Pressure gradient:
	positive
	negative

	Kind of flow:
	pushing
	pulling

	Soil location:
	large pores
	small pores

	
	open channels
	particle surfaces

	Speed:
	rapid
	slow
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