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Soil Water

ÅA.  Critical to plant growth, water quality, 

groundwater, rivers, etc.

ïToo much Ą problems

ïToo little Ą problems

ÅB.  Soil is a leaky water reservoir

ïExcess water:

ÅRunoffs

ÅDeep percolation (leaching, 

groundwater recharge)
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C. Questions to consider:

ïWhy does soil retain some water yet allow 

part to drain deeper?

ïWhat forces hold water in soil?

ïWhat mechanisms are important to water 

flow in soil?

ïWhat limits water flow?

ïHow do soil texture & structure affect 

water flow and retention?

ïHow do plants interact with soil water?
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D. Water is unique

ïPolar ïuneven charge

ÅHydrogen bonds

ÅHigh surface tension 

(attraction to other water 

molecule>attract to air)
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How does this relate 

to soil?

E. Soil water is described by itôs energy state 

(Potential; yor psi)

ÅAlways moves from high potential Ą low potential
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1. Matric forces or potentials (or matric

tension) ym

ÅNegative pressure or tension due to Adhesion 

and Cohesion (from Hydrogen bonding)

ÅMore surface area Ąmore adsorbed water

ïClay vs. sand

ÅLess water (drier soil) Ą stronger bond to 

soil (Q: Why?)
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F. Forces affecting the potential energy of 

water:  In other words, what affects where 

water moves in soil?
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Å h = 0.15/r;  h = ht water will rise; r = 

radius of tube or pores; (units of cm)

Å h is inversely proportional to r

Å The wider the radius, the less water 

directly interacting with glass wall 
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How does capillarity relate to wet vs dry soil 

question?
2. Gravitational forces (gravitational 

potential) yg

Ånegative or positive; depends on ref. point
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F. Forces acting on water in soil:
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F. Forces acting on water in soil:

3. Osmotic (Solute) Potential(ɣo or ɣs):

Å Relative to pure water, this has a negative 

energy potential

Å Diffusion favors water movement from 

lower to higher solute concentration, but 

only when separated by a semipermeable

membrane

Å Not that important within soil but can be 

very important at soil-root interface ïSaline 

soils

4. Submergence potential (saturated soils) yp

ÅHydrostatic pressure (positive)
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F. Forces acting on water in soil:
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G. Soil Water Potential (ɣt):

ÅJust simple addition of the above factors

Åɣt is stated relative to a reference

ÅReference ïthe energy state (ability to do 
work) of pure, free water at a specified 
elevation (the soil surface); (ɣt = 0). 

Åɣt = ɣm + ɣg + ɣo + ɣp

Åɣt - amount of energy required to move a 
quantity of pure water from point A to point B; 
assumes both points have equal temperatures, 
pressures, and osmotic potentials.
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ÅThe units for ɣt:

ÅMPa (SI pressure) or J m-3 (SI energy)

ïMpa = 1000 kPa

ÅAlso see bars (non-SI pressure)

Å1 MPa = 106 J m-3 = 10 bars = 10 atmospheres 

Water always moves from areas of higher to 
lower water potential

ÅSo in practice, you can predict where water 
will move by comparing the soil water 
potential at two different locations

G. Soil Water Potential (ɣt):


