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Soil Water Relations 

• Soil is a reservoir for water and chemicals 
and provides a medium for supporting plants 

• Water is removed by evapotranspiration (ET = 
evaporation plus transpiration) 

• The rate at which water is used determines 
– Plants to be grown 

– Plant spacing 

– Yield 

– General management criteria 

 



Soil Water Relations 

• Knowledge of soil water relations and ET is 
essential for managing soil and water 
systems, particularly for irrigation systems. 

• For irrigation, the water holding capacity and 
the rate of water removal by plants must be 
considered. 

 



The Soil Water Reservoir 
 

• Periodically filled by rainfall and/or irrigation 
• Depleted slowly by ET 
• Water applied in excess of the reservoir’s capacity (soil water 

holding capacity) is wasted unless it is required for leaching. 
  
   TAW = (θFC – θWP) Dr/100 
  
where  
 TAW = Total available water (mm) 
  θFC = Volumetric field capacity (%) 
  θWP = permanent wilting point (%) 
 Dr =depth of the root zone or depth of a layer of soil within the 

root zone. 
 



Representative Physical Properties of Soils 



 
 

 

 

 

 

Management Allowed Deficit (MAD) and Rooting Depths of Various Crops 
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Volumetric Moisture Content 

• Gravimetric Method (undisturbed core) 

• Gravimetric Method (disturbed samples) 

• Tensiometers 

• Time Domain Reflectivity (TDR) 

• Conductance 

• Water balance method 

 



Gravimetric Soil Sampling 



Tensiometers 



TDR 



Capacitance Method 



Water Balance Method 

  θt2 = R + Irr – RO – ETc adj – PERC + θt1  

 

θt2 = volumetric moisture content at time 2 

θt1 = volumetric moisture content at time 1 

R = effective rainfall 

RO = runoff 

PERC = water that percolates past the root zone 

 

 



Crop Water Use (ETcadj) 

• The rate of water use by the crops can be 
estimated as follows 

    ETc = Kc ETo 

 

    ETcadj = Ks ETc 

Where 

ETo = Reference Evapotranspiration   

Kc = Evapotranspiration Crop Coefficient 

Ks = Crop Stress Factor 

 

 

 



Crop Stress Factor This is where  
Your soil should  
be 



Readily Available Water 
 

• Plants can only remove a portion of the 
available water before growth and yield are 
affected.  This portion is the “readily available 
water” (RAW). 

• For most crops RAW is between 40% to 65% 

• RAW is estimated from the following formula: 

  

   RAW = (MAD) (TAW) 

 



 
 

 

 

 

 

Management Allowed Deficit (MAD) and Rooting Depths of Various Crops 



Threshold Moisture Content, θt  

• If the soil moisture content falls below θt , the 
crop will go into stress and you will loss crop 
yield! 

 

    θt = θFC – RAW  

where 

θt = threshold moisture content 

θFC = field capacity moisture content 

RAW = readily available water 

 





Soil Water Management Spreadsheet 
 
 

http://academic.uprm.edu/abe/PRAGWATER/ 

User must enter the yellow spreadsheet cells 
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FC WP TAW RD MAD RAW θt θ Ks ETc ETc adj

% % % m fraction % % % mm mm % mm mm

3/14/2008 36 18 18 0.70 0.4 7.2 28.8 30.00 1.00 3.80 3.80 6.0 42 0 NO

3/15/2008 36 18 18 0.71 0.4 7.2 28.8 29.46 1.00 3.90 3.90 6.5 46 0 NO

3/16/2008 36 18 18 0.72 0.4 7.2 28.8 28.92 1.00 3.80 3.80 7.1 51 0 NO

3/17/2008 36 18 18 0.73 0.4 7.2 28.8 28.40 0.96 4.00 3.85 7.6 55 0 YES

3/18/2008 36 18 18 0.74 0.4 7.2 28.8 27.88 0.91 4.20 3.84 8.1 60 0 YES

3/19/2008 36 18 18 0.75 0.4 7.2 28.8 27.37 0.87 3.90 3.38 8.6 65 0 YES

3/20/2008 36 18 18 0.76 0.4 7.2 28.8 36.00 1.00 3.90 3.90 0.0 0 69 NO

3/21/2008 36 18 18 0.77 0.4 7.2 28.8 35.50 1.00 4.20 4.20 0.5 4 0 NO

3/22/2008 36 18 18 0.78 0.4 7.2 28.8 34.96 1.00 4.20 4.20 1.0 8 0 NO

3/23/2008 36 18 18 0.79 0.4 7.2 28.8 34.43 1.00 4.10 4.10 1.6 12 0 NO

3/24/2008 36 18 18 0.80 0.4 7.2 28.8 33.91 1.00 4.30 4.30 2.1 17 0 NO

3/25/2008 36 18 18 0.81 0.4 7.2 28.8 33.38 1.00 4.20 4.20 2.6 21 0 NO

3/26/2008 36 18 18 0.82 0.4 7.2 28.8 32.87 1.00 4.30 4.30 3.1 26 0 NO

3/27/2008 36 18 18 0.83 0.4 7.2 28.8 32.35 1.00 4.40 4.40 3.6 30 0 NO

3/28/2008 36 18 18 0.84 0.4 7.2 28.8 31.83 1.00 4.50 4.50 4.2 35 0 NO
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FC WP TAW RD MAD RAW

% % % m fraction %

3/14/2008 36 18 18 0.70 0.4 7.2

3/15/2008 36 18 18 0.71 0.4 7.2

3/16/2008 36 18 18 0.72 0.4 7.2

3/17/2008 36 18 18 0.73 0.4 7.2

3/18/2008 36 18 18 0.74 0.4 7.2

3/19/2008 36 18 18 0.75 0.4 7.2

3/20/2008 36 18 18 0.76 0.4 7.2

3/21/2008 36 18 18 0.77 0.4 7.2

3/22/2008 36 18 18 0.78 0.4 7.2

3/23/2008 36 18 18 0.79 0.4 7.2

3/24/2008 36 18 18 0.80 0.4 7.2

3/25/2008 36 18 18 0.81 0.4 7.2

3/26/2008 36 18 18 0.82 0.4 7.2

3/27/2008 36 18 18 0.83 0.4 7.2



Threshold 

Moisture 

Content

Moisture 

Content

Crop 

Stress 

Factor

Average Crop 

Evapotranspiration

Average 

Evapotranspiration 

Adjusted for Stress

θt θ Ks ETc ETc adj

% % mm mm

28.8 30.00 1.00 3.80 3.80

28.8 29.46 1.00 3.90 3.90

28.8 28.92 1.00 3.80 3.80

28.8 28.40 0.96 4.00 3.85

28.8 27.88 0.91 4.20 3.84

28.8 27.37 0.87 3.90 3.38

28.8 36.00 1.00 3.90 3.90

28.8 35.50 1.00 4.20 4.20

28.8 34.96 1.00 4.20 4.20

28.8 34.43 1.00 4.10 4.10

28.8 33.91 1.00 4.30 4.30

28.8 33.38 1.00 4.20 4.20

28.8 32.87 1.00 4.30 4.30

28.8 32.35 1.00 4.40 4.40
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Crop is in stress 
When moisture Content  
is below this line!! 



Crop 
Stress! 

Soil 

Water 

Deficit

Irrigation 

needed

Applied 

Irrigation 

or 

Rainfall

Did 

Stress 

Occur?

% mm mm

6.0 42 0 NO

6.5 46 0 NO

7.1 51 0 NO

7.6 55 0 YES

8.1 60 0 YES

8.6 65 0 YES

0.0 0 69 NO

0.5 4 0 NO

1.0 8 0 NO

1.6 12 0 NO

2.1 17 0 NO

2.6 21 0 NO

3.1 26 0 NO

3.6 30 0 NO



Irrigation Application Rate and Timing 

Irrigation 

Needed Field Area

Percent 

Wetted 

Area

Irrigation 

Efficiency

Volume of 

Water to 

Apply

Pump 

Manifold 

Flow Rate

Time to 

Apply 

Irrigation 

mm Acres % % gallons

Gallons 

per 

Minute Hours

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

69 5 50 90 204890 500 6.8

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0

0 5 50 90 0 500 0.0



Conclusion 

Maintain soil 
water between  

θFC and θt 


