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Deriving an expression for the Matric Flux
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Deriving an expression for the Matric Flux 
Potential based on the van Genuchten 

hydraulic function parameters  



• Objective  

The general equation to 
estimate the critical value of 
soil water content using matric 
flux potential with Van 
Genuchten hydraulic functions 
for agricultural and 
environmental purposes  



Schematic representation of basic assumptions to characterize the water dynamic in the soil-plant-
atmosphere system for agricultural and environmental purposes, where q  is the soil water flux 

density (Darcy-Buckingham, 1856-1907), Ze  is the effective root depth, Vp  is the effective soil 
volume explored by plant, Ө  is the soil water content ( Өw , Өc  and Өf  are wilting point, 

critical value and field capacity, respectively), Ta  is the actual transpiration, Tp  is the potential 
transpiration, LA  is the total leaf area, r0  is the equivalent root diameter, rm  is the radius of 

the root extraction zone and RA  is the total root area 

rm 



Basic equations 
Soil hydraulic diffusivity (D, m2 d-1) 
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Specific water content (C = dθ/dh, m-1) 
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Soil hydraulic conductivity (K, m d-1) 
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Effective degree of saturation (relative soil water content)  



Matric flux potential (M, m2 d-1)  

( ) ( ) ( ) ( )∫∫ −==
a

w

a

w

Θ

Θ

θ

θ
aw dΘΘDθrθsdθθDθM

( )
( ) ∫

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−

−
=

a

w

Θ

Θ
m

m/m

m

mλ

s
aw dΘ

ΘΘ

ΘΘ

nα
KΘM

1
1

2
1

1

11

1

  

Substituting [1], [2] and [3] in [5] 
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Hypergeometric function (2F1)  
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Substituting [11], [12] and [13] in [10]: 
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The hypergeometric function (2F1)  
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The analytical solution 
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which can be rewritten as: 
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Matric flux potential (M, m2 d-1) 



The rhizosphere… 
The equivalent root volume per plant (Ve, m3) is defined as follows: 
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During the constant rate phase, from t0 to tl, the flux density (q, m d-1) in the 
rhizosphere can be calculated by:   
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The soil volume explored per plant (Vp, m3), representing the rhizosphere, is 
defined as follows:
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Matric flux potential (root 
surface and falling rate phase) 

It has been shown (Metselaar & De Jong van Lier, 2007) that it is reasonable to 
assume that 
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Substituting equations [26] and [27] in [29]: 

where Tr is the (dimensionless) relative transpiration. Substituting the 
expression derived for M (equation [23]) in equation [30] yields: 
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In Figure 1, Tr calculated for Van Genuchten type of soils by equation [31] 
is shown as a function of relative soil water content Θ† with:   
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Relative transpiration Ta/Tp as a function of 
relative soil water content Θ† [Θ† = (θ-θw)/
(θl- θw)] for Van Genuchten type of soils at 

different values of m with λ= 0.5 
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Van Genuchten diffusivity 
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The relative transpiration 
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For the special case of Θw = 0 (or: θw = θr), equation [31] reduces to 

Substituting [24] in [34] yields:   
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It can easily be seen that:   

or, substituting equation [34] in [36]: 

which can be reorganized as:   

Substituting   and integrating yields   
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Analytical solution 
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( )[ ] ( )[ ]chhgdchchhgbaggaSA +++= -4-22-22

( ) ( )( )cdhabghgchagSB --4-- 2=

( ) ( ) 222222 -42--4 hchghcdacghgghabgaSC +++=

chagSD −=

( )cdhabgSE −= 2

where the auxiliary variables (SA, SB, SC,  SD and SE) are defined as follows: 
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Expanding equation [56] results in: 
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Expanding Gauss's hypergeometric functions for k = 4: 
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Matric flux potential (M, m2 d-1) 



0

20

40

60

80

100

120

140

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Se

M
 (c

m
2 /d

)

Analytical

Numerical

Sand

k=4

k=12

Comparison between analytical (results for sand soil according to equation 
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of saturation (Se), where α = 0.0144 cm-1; m = 0.348109518; n = 1.534; 
Өs = 0.46 m3.m-3; Өr = 0.02 m3.m-3; λ = -0.215 and Ks = 15.42 cm.d-1.  



Comparison between analytical (results for loam soil according to equation 
22 using different values of k  - from 4 to 12) and numerical solution 

showing the matric flux potential (M, cm2.d-1) as function of effective degree 
of saturation (Se), where α = 0.0084 cm-1; m = 0.306037474; n = 1.441; 
Өs = 0.42 m3.m-3; Өr = 0.01 m3.m-3; λ = -1.497 and Ks = 12.98 cm.d-1 
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Comparison between analytical (results for clay soil according to equation 22 
using different values of k  - from 4 to 12) and numerical solution showing 

the matric flux potential (M, cm2.d-1) as function of effective degree of 
saturation (Se), where α = 0.0195 cm-1; m = 0.098286745; n = 1.109; 
Өs = 0.59 m3.m-3; Өr = 0.01 m3.m-3; λ = - 5.901 and Ks = 4.53 cm.d-1 
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Substituting [30] and [32] in [34], the final equation can be written as follows: 
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From [1] to [32] 



Relative transpiration Ta/Tp as a function of relative 
soil water content Θ†  

[Θ† = (θ-θw)/(θl- θw)] for Van Genuchten type of 
soils at different values of m with λ= 0.5 
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Relative transpiration Ta/Tp as a function of relative soil 
water content Θ† [Θ† = (θ-θw)/(θl- θw)] for Van 

Genuchten type of soils at different values of λ with  
m = 0.5 
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Substituting [45] in [65], the final equation can be written as follows: 
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From [33] to [66] 
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