
Soil Water Retention

Soil Suction
Consider a soil sample in contact with a
porous ceramic membrane that allows the
passage of the soil solution but not the
soil particles. This plate is connected to a
burette with a flexible water filled tube,
and the height of the burette is adjusted
so that the water level is at the same level
as the soil surface.  In this state, the soil
will be saturated under equilibrium
conditions.

What happens if the burette is raised?

What happens if the burette is lowered?

The  amount of water remaining in the soil is a function of the soil water tension.
The curve showing the relationship between soil water suction and soil water
content for a soil is called the
characteristic curve or the retention
curve. This curve exhibits hysteresis due to
contact angle effects, entrapped air,
swelling and shrinking, and inkbottle
effects. However, this phenomenon can
usually be ignored for cases where water is
the only liquid in the soil. Spatial variations
in soil properties dominate over hysteresis
effects.
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Effect of texture on soil water retention

W
at

er
 C

on
te

nt

Water Tension 

Fine Textured Soil

Coarse
Textured
Soil

Effect of structure on soil water retention

W
at

er
 C

on
te

nt

Water Tension 

Aggregated Soil

Compacted Soil



Parametric forms of the water retention curve

To evaluate drainage volumes and for use in numerical models, it is convenient if
the soil water tension curve can be expressed in some simple parametric forms. The
two most frequently used forms are presented below. 

Brooks-Corey Model

S =
⎡⎣
hd
h

⎤⎦
λ

; h > hd
1 ; h ≤ hd

van Genuchten Model

S = [1 + (αh)n]m ; h > 0
1 ; h ≤ 0

m = 1 − 1
n

 In both models; 

S = S − Sm
1 − Sm

where Sm is an apparent minimum water saturation.  In actuality, Sm is a purely
empirical parameter with no physical significance since the water saturation
theoretically decreases to zero. Including this as an adjustable parameter, however,
enhances the ability of the model to fit a wide variety of soils.  The shape of the
water saturation curve reflects an underlying pore size distribution. This fact can be
utilized in developing an unsaturated hydraulic conductivity curve. 



Typical soil properties for various soil types.
Soil
Type

Ks
(m/d)

φ
-

Sm
-

α
m-1

n
-

Sand 7.1 0.43 0.09 14.5 2.7
Loamy sand 3.5 0.41 0.15 12.4 2.3
Sandy loam 1.06 0.41 0.15 7.5 1.9

Sandy clay loam 0.31 0.39 0.26 5.9 1.5
Loam 0.25 0.43 0.19 3.6 1.6

Silty loam 0.11 0.45 0.16  2.0 1.4
Clay loam  0.062 0.41 0.22 1.9 1.3

Silt 0.06 0.43 0.07 1.6 1.4
Sandy clay 0.03 0.38 0.26 2.7 1.2

Silty clay loam  0.017 0.43 0.21  1.0 1.2
Silty clay  0.005 0.36 0.19 0.5 1.1


