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Abstract

A problem involving time-dependent infiltration from periodic channels with
root-water uptake is governed by Richards equation. To study the problem
numerically, the governing equation is transformed into a modified Helmholtz
equation using the Kirchhoff transformation, dimensionless variables, and
Laplace transforms. The modified Helmholtz equation is then solved numeri-
cally using a dual reciprocity boundary element method (DRBEM) and
a predictor-corrector scheme simultaneously. A numerical inverse Laplace
transform is employed to obtain numerical solutions of the problem.

Keywords: Richard’s equation, Helmholtz equation, DRBEM,
predictor-corrector, Laplace transform, root water uptake

1. Introduction

Dual reciprocity boundary element methods (DRBEM) have been applied
by researchers for solving various problems. For instance, Ang et al [2] ap-
plied a DRBEM for solving a class of elliptic boundary value problems for
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non-homogeneous anisotropic media. Ang and Ang used a DRBEM for solv-
ing a generalized nonlinear Schrodinger equation [3]. Dehghan and Ghesmati
solved the second-order one-dimensional hyperbolic telegraph equation using
a DRBEM [9]. They also applied a DRBEM for solving the nonlinear Klein-
Gordon equation [10]. In this paper, a DRBEM is employed for solving a
problem involving water infiltration in porous media with root-water uptake.

A steady water infiltration problem from periodic irrigation channels has
been examined by Solekhudin and Ang [14]. In that study, numerical so-
lutions were obtained and observed after a substantially long period of in-
filtration. Although these results gave useful insight into the steady state
distribution of moisture content in the soils, they do not provide information
on the water content distribution from the start of the infiltration process.

Time-dependent infiltration problems from irrigation channels have been
studied by researchers, such as Clements and Lobo [8], and Solekhudin and
Ang [15]. While Clements and Lobo investigated infiltration from single
channel, Solekhudin and Ang obtained numerical solutions of infiltration from
periodic channels. However, in both these studies water absorption by plant
roots was not incorporated into the problems.

In this paper, we consider a problem involving time-dependent infiltra-
tion from periodic trapezoidal channels with root-water uptake, which is a
continuation of our work presented in [14]. In order to solve the problem, the
governing equation is transformed into a modified Helmholtz equation, using
a set of appropriate transformations and including a Laplace transform. The
modified Helmholtz equation is solved using the DRBEM with a predictor-
corrector scheme. A numerical inverse Laplace transform is employed to
obtain the matric flux potential (MFP). Changes in the distribution of the
MFP are presented and discussed. We also observe and discuss the effect of
the root-water uptake by comparing the MFP obtained here with that from
the corresponding problem without root-water uptake.

2. Formulation of The Problem

We consider a homogeneous Pima clay loam (PCL) soil. On the sur-
face of the soil, equally spaced trapezoidal channels are constructed. The
channels are completely filled with water and kept filled throughout. It is
assumed that the channels are sufficiently long, and there is a large num-
ber of such channels. Between two consecutive channels, a row of crops are
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planted equidistant from the two channels. Given this situation, we con-
sider a time-dependent infiltration problem involving infiltration from peri-
odic trapezoidal channels with root-water uptake.

For the purpose of solving the problem, a Cartesian coordinate system
OXY Z, with O at the centre of a channel, OX perpendicular to the channels
and OZ positively downward, is considered. It is assumed that geometry of
the channels and crops root zone does not vary in the OY direction. The
channels are constructed with surface area of 2L for every unit length of the
channels in the OY direction. The distance between two consecutive rows of
the crops is 2(L+D). From the description of the geometry of the channels
and the crops root zone, it can be inferred that the geometry is symmetrical
about planes X = ±k(L + D), k = 0, 1, 2, . . .. The geometrical set up is
illustrated in Figure 1.

Since the problem is symmetrical about X = ±k(L + D), as in all
the earlier problems considered, we only consider a region R bounded by
0 ≤ X ≤ L+D and Z ≥ 0. The boundary of R is denoted by C. As before,
the boundary on the surface of the channel and on the surface of the soil are
denoted by C1 and C2 respectively. C3, and C4 are to represent the boun-
daries along X = 0 and X = L + D respectively. The boundary conditions
are the same as those in the previous problems. Along C1, the surface of the
channels, the fluxes are assumed to be constant, that is v0. There are no
fluxes across the surface of the soil outside the channels, which is denoted by
C2. The planes X = 0 and X = L+D have zero fluxes.

3. Basic equations of time-dependent infiltration with root-water
uptake

In the study of time-dependent infiltration with root-water uptake, the
governing equation that may be used is

∂θ

∂T
=

∂

∂X

(
K
∂ψ

∂X

)
+

∂

∂Z

(
K
∂ψ

∂Z

)
− ∂K

∂Z
− S(X,Z, ψ), (1)

where K is the hydraulic conductivity, θ is water or moisture content in the
soil, ψ is the suction potential, and S is the root-water uptake function.

The root-water uptake function, S, is the same as that used by Solekhudin
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Figure 1: Geometry of equally spaced trapezoidal channels with root zone.

and Ang [14]. That is,

S(X,Z, ψ) = γ(ψ)
Ltβ(X,Z)Tpot

Zm∫
0

L+D∫
L+D−Xm

β(X,Z)dXdZ

, (2)

where γ is the dimensionless water stress response function, Lt is the width
of the soil surface associated with the transpiration rate, Tpot is the potential
transpiration, and β is the spatial root-water uptake distribution. The func-
tion γ used in this study is the one reported by Utset et al [16]. The spatial
root-water uptake distribution is formulated as

β(X,Z) =

(
1− L+D −X

Xm

)(
1− Z

Zm

)
e−H ,

for L+D −Xm ≤ X ≤ L+D, 0 ≤ Z ≤ Zm,

where H is given by

H =
pZ
Zm
|Z∗ − Z|+ pX

Xm

|X∗ − (L+D −X)|, (3)
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in which Xm is half of the width of the root zone, Zm is the depth of the root
zone, and pZ , pX , X∗, and Z∗ are empirical parameters.

Using the Kirchhoff transformation, which is also known as Matric Flux
Potential (MFP)

Θ =

ψ∫
−∞

K ds, (4)

and an exponential relationship between K and ψ,

K = Kse
αψ, α > 0, (5)

equation (1) can be written as

∂θ

∂T
=
∂2Θ

∂X2
+
∂2Θ

∂Z2
− α∂Θ

∂Z
− S(X,Z, ψ), (6)

which may be written as

1

D(θ)

∂Θ

∂T
=
∂2Θ

∂X2
+
∂2Θ

∂Z2
− α∂Θ

∂Z
− S(X,Z, ψ), (7)

where D(θ) = K(θ)∂ψ/∂θ is the diffusivity. In field situations, when the
moisture variations are relatively small such in the case of high frequency
irrigation, the diffusivity may be assumed as a constant d [4].

Using the dimensionless variables

x =
α

2
X, z =

α

2
Z, Φ =

πΘ

v0L
X, t =

α2d

4
T,

u =
2π

v0αL
U, v =

2π

v0αL
V, and f =

2π

v0αL
F, (8)

we obtain

∂Φ

∂t
=
∂2Φ

∂x2
+
∂2Φ

∂z2
− 2

∂Φ

∂z
− γ∗(Φ)s∗(x, z), (9)

where

γ∗(Φ) = γ

(
1

α
ln

(
αv0LΦ

πKs

))
, (10)
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and

s∗(x, z) =
2π

αL

ltβ
∗(x, z)

zm∫
0

b∫
b−xm

β∗(x, z)dxdz

Tpot
v0

. (11)

Making use of transformation

Φ(x, z, t) = Φ∗(x, z, t)ez, (12)

Equation (9) becomes

∂Φ∗

∂t
=
∂2Φ∗

∂x2
+
∂2Φ∗

∂z2
− Φ∗ − γ∗(Φ)s∗(x, z)e−z. (13)

4. A Laplace transform DRBEM

An effective method to apply DRBEM for solving time-dependent prob-
lems is a method so called Laplace Transform Dual Reciprocity Method (LT-
DRM). In 1994, Zhu et. al. proposed LTDRM to solve linear diffusion
problems [18]. The method was then applied to solve transient heat conduc-
tion with nonlinear source terms [19], and transient diffusion problems [13].
Zhu and Liu developed the method by combining LTDRM with the general-
ized multiquadric bases [20], and LTDRM with ATPS [21]. More recently, in
2012, Yun applied an LTDRM to solve axisymetric elastrodinamic problems
[17].

Following Yun [17], in order to apply an LTDRM, we first recast Equation
(13) to integro-differential form. Using the fundamental solution of Laplace
equation

ϕ(x, z; ξ, η) =
1

4π
ln[(x− ξ)2 + (y − η)2], (14)

the resulting integro-differential form is

λ(ξ, η)Φ(ξ, η, t) =

∫ ∫
R

ϕ(x, z; ξ, η)
[
Φ∗(x, z, t) + γ∗(Φ)s∗(x, z)e−z

+
∂Φ∗

∂t

]
dxdz +

∫
C

[
Φ∗(x, z)

∂

∂n
[ϕ(x, z; ξ, η)]

−ϕ(x, z; ξη)
∂

∂n
[Φ∗(x, z)]

]
ds(x, z), (15)
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where

λ(ξ, η) =

{
1/2, (ξ, η) on smooth part of C
1, (ξ, η) ∈ R . (16)

Applying Laplace transform

φ(x, z, s) =

∞∫
0

e−stΦ∗(x, z, t) dt, (17)

subject to the initial condition

Φ∗(x, z, 0) = 0, (18)

on Equation (15) yields

λ(ξ, η)φ(ξ, η, s) =

∫ ∫
R

ϕ(x, z; ξ, η) [(1 + s)φ(x, z, s)

+
1

s
γ∗(Φ)s∗(x, z)e−z

]
dxdz

+

∫
C

[
φ(x, z, s)

∂

∂n
[ϕ(x, z; ξ, η)]

−ϕ(x, z; ξ, η)
∂

∂n
[φ(x, z, s)]

]
ds(x, z). (19)

We note that there is a non-linear term on the right hand side of Equation
(15), making the direct use of the Laplace Transform challenging. To over-
come this difficulty, a predictor-corrector scheme is employed. In this scheme,
the term γ∗(Φ) is first set to a constant, an initial guess before taking the
Laplace Transform. In other words, assuming that γ∗(Φ) is a constant, we
have

∞∫
0

e−stγ∗(Φ)s∗(x, z) dt =
1

s
γ∗(Φ)s∗(x, z). (20)

This predicted value of γ∗(Φ) will be corrected subsequently when the entire
equation is solved using the DRBEM, and the corrected, constant value is
used for the next iteration. This goes on until convergence is achieved.
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5. Another approach

In this section, we present another approach to solve the problem. This
approach is similar to those in [8] and [15]. We will show that resulting
integro-differential equation derived using this approach is the same as that
derived using the LTDRM. We first transform Equation (9) using Laplace
transform of Φ with respect to t, given by

Φ̃ =

∞∫
0

e−stΦ(x, z, t) dt, (21)

subject to the initial condition

Φ(x, z, 0) = 0. (22)

As before the term γ∗(Φ) is set to a constant, an initial guess before taking
the Laplace Transform. In other words, assuming that γ∗(Φ) is a constant,
we have

∞∫
0

e−stγ∗(Φ)s∗(x, z) dt =
1

s
γ∗(Φ)s∗(x, z). (23)

Thus Equation (9) may be transformed into

sΦ̃ =
∂2Φ̃

∂x2
+
∂2Φ̃

∂z2
− 2

∂Φ̃

∂z
− 1

s
γ∗(Φ)s∗(x, z). (24)

Making use of the transformation

Φ̃ = ezφ, (25)

Equation (24) becomes

∂2φ

∂x2
+
∂2φ

∂z2
= (1 + s)φ+

1

s
γ∗(Φ)s∗(x, z)e−z, (26)

which is a modified Helmholtz equation.
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Equation (26) can be recast to integro-differential equation

λ(ξ, η)φ(ξ, η, s) =

∫ ∫
R

ϕ(x, z; ξ, η) [(1 + s)φ(x, z, s)

+
1

s
γ∗(Φ)s∗(x, z)e−z

]
dxdz

+

∫
C

[
φ(x, z, s)

∂

∂n
[ϕ(x, z; ξ, η)]

−ϕ(x, z; ξ, η)
∂

∂n
[φ(x, z, s)]

]
ds(x, z). (27)

Clearly, Equation (27) is the same as Equation (19) derived using Yun’s
approach. In other words, the resulting integro-differential equation obtained
using an LTDRM is not different from that obtained using the approach
described in [8] and [15]. For convenience and continuity in discussion, in
this paper, we have adopted the latter approach.

The boundary conditions stated in the preceding section can be written
in terms of φ, as follows.

∂φ

∂n
=

2π

αLs
e−z + φn2, on the surface of the channels, (28)

∂φ

∂n
= −φ, on the soil surface outside the channels, (29)

∂φ

∂n
= 0, x = 0 and z ≥ 0, (30)

∂φ

∂n
= 0, x =

α

2
(L+D) and z ≥ 0. (31)

It is assumed that ∂Θ/∂X → 0 and ∂Θ/∂Z → 0 as Z → ∞ [6]. The
boundary condition obtained using this assumption is

∂φ

∂n
= −φ, z =∞ and 0 ≤ x ≤ α

2
(L+D). (32)

Equation (26) subject to boundary conditions (28) - (32) may be solved
numerically using a DRBEM and a predictor-corrector scheme simultane-
ously. In order to apply the method, an imposed boundary is needed so that
the domain is bounded by a simple closed curve. The imposed boundary is

0 ≤ x ≤ α

2
(L+D) and z = c, c > 0. (33)
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By using the DRBEM, Equation (27) is then reduced to a system of linear
algebraic equations

λ(a(n), b(n))φ(n) =
N∑
k=1

[φ(k)F (k)
2 (a(n), b(n)) + p(k)F (k)

1 (a(n), b(n))]

+

(
N+M∑
l=1

[(1 + s)φ(l) +
1

s
γ∗(Φ(l))s∗(a(l), b(l))]

)
(
N+M∑
k=1

Γ(a(n), b(n); a(k), b(k))ω(a(k), b(k); a(l), b(l))

)
,

for n = 1, 2, . . . , N +M, (34)

where N and M are the number of line segments and the interior colloca-
tion points respectively. Points (a(1), b(1)), (a(2), b(2)), . . ., (a(N), b(N)) are
the midpoints of the line segments, (a(N+1), b(N+1)), (a(N+2), b(N+2)), . . .,
(a(N+M), b(N+M)) are the interior collocation points,

F (k)
1 (a(n), b(n)) =

∫
C(k)

ϕ(x, z; a(n), b(n))ds(x, z), (35)

F (k)
2 (a(n), b(n)) =

∫
C(k)

∂

∂n
[ϕ(x, z; a(n), b(n))]ds(x, z), (36)

φ(n) and p(n) are the value of φ and ∂φ/∂n at (a(n), b(n)), respectively,

Γ(a(n), b(n); a(i), b(i)) = λ(a(n), b(n))χ(a(n), b(n); a(i), b(i))

+
N∑
j=1

∂

∂n
(χ(x, z; a(i), b(i)))

∣∣∣(x,z)=(a(j),b(j))F
(j)
1 (a(n), b(n))

+
N∑
j=1

χ(a(j), b(j); a(i), b(i))F (j)
2 (a(n), b(n)), (37)

and

[ω(a(i),b(i);a(k),b(k))] = [ρ(a(k), b(k); a(i), b(i))]−1. (38)

In Equations (37) and (38), ρ and χ are defined as

ρ(x, z; a(i), b(i)) = 1 + ((x− a(i))2 + (z − b(i))2)
+((x− a(i))2 + (z − b(i))2)3/2, (39)
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and

χ(x, z; a(i), b(i)) =
1

4
[(x− a(i))2 + (z − b(i))2] +

1

16
[(x− a(i))2 + (z − b(i))2]2

+
1

25
[(x− a(i))2 + (z − b(i))2]5/2. (40)

Substituting boundary conditions (28) to (32) into the system of linear
algebraic equations (34) results in a system of linear algebraic equations
with unknowns, φ(1), φ(2), · · · , φ(N+M). Evaluating Equations (35) and (36),

we obtain that F (k)
1 (a(n), b(n)) 6= 0 for k = 1, 2, · · · , n, and F (k)

2 (a(n), b(n)) = 0
if and only if a normal vector to segment C(n) also a normal vector to C(k).
Hence, most of the values of F1 and F2 are nonzero.

The system of linear algebraic equation (34) may be solved using a predic-
tor-corrector scheme to obtain numerical solutions of φ at the collocation
points. The predictor corrector scheme used is similar to that reported in
[14]. Numerical values of any points in the domain or on the boundary
may be obtained by computing F1 and F2 of the points desired, and then
substituting F1 and F2 and the solutions at collocation points to Equation
(34).

To compute the dimensionless MFP, φ obtained are substituted into
Equation (25) to obtain numerical values of Φ̃. The Stehfest formula, given
as

Φ(x, z, t) ' log(2)

t

2P∑
p=1

KnΦ̃(x, z, sn), (41)

where

sp = p
log(2)

t
, Kp = (−1)(p+P )

min(p,P )∑
m=(p+1)/2

mP (2m)!

(P −m)!m! (m− 1)! (p−m)! (2m− p)!
,

and P is a positive integer, is then used to determine the numerical values
of their inverse Laplace transforms, which are the dimensionless MFP.

6. Results and Discussion

The method described is examined through a problem involving time-
dependent infiltration from periodic trapezoidal channels in homogeneous
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PCL with root-water uptake. Numerical solutions of the dimensionless MFP
are obtained and compared with those obtained from the corresponding in-
filtration problem without root-water uptake. In addition, distributions of
the dimensionless MFP at selected locations are presented, examined and
discussed.

The channels are assumed to have dimension L = 50 cm and D = 50
cm. The width and the depth of the channels are set to 200/π cm and 75/π
cm, respectively. The root zone and the parameters that appear in the root-
water uptake function in the present study are the same as those used in
Solekhudin and Ang’s study [14]. The width and the depth of the root zone
are both fixed at 100 cm. The parameter values for the root distribution,
β(X,Z), are X∗ = 25 cm, PX = 2.00, Z∗ = 20 cm and PZ = 5.00. The values
of experimental parameter α and the saturated hydraulic conductivity, K0,
for PCL are 0.014 cm−1 and 9.9 cm/day, respectively [1, 7]. The value of
the potential transpiration, Tpot, is as that chosen by Li et al [11], that is
Tpot = 0.4 cm/day. The magnitude of the infiltration rate, v0, is 75% of K0,
as chosen by Basha [5].

To apply the the DRBEM, the boundary must be bounded by a simple
closed curve. Since the domain is semi-infinite, an imposed boundary is
needed, and like in previous study [14], we set z = 4 as the imposed boundary.
This means that the value of c in boundary condition (33) is 4. Following
several computational experiments, the boundary is then divided into 404
constant elements, and 892 interior points are chosen. The equation is solved
for six dimensionless time-levels, namely t = 0.8, 1, 2, 3, 4, 5.

For each time level, the DRBEM and the predictor-corrector scheme are
used simultaneously to obtain numerical solutions of Equation (19), subject
to boundary conditions (28) to (32). To apply the method, we solve Equation
(34) with s∗(x, z) = 0. Numerical solutions of Φ obtained are then set to
predict the values of γ∗(Φ) at collocation points. Using these values of γ∗(Φ),
the values of Φ are corrected by solving Equation (34). These corrected values
of Φ are substituted to Equation (10) to compute corrected values of γ∗(Φ).
Using these values of γ∗, the value

δ =
M+N∑
i=1

|γ ∗(i)j (Φ)− γ ∗(i)j−1 (Φ)|, (42)

which is the sum of the differences between values of γ∗ in consecutive itera-
tions, is then computed. These processes are repeated until we obtain δ < ε
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for a small positive real number ε.
Using the numbers of line segments and interior collocation points stated

above and ε = 10−4, numbers of iterations and values of δ for six different
time levels are summarized in Table 1. Here, I denotes number of iteration.

Table 1: Number of iterations and δ for six different time levels.

t 0.8 1 2 3 4 5
I 6 7 7 7 7 7
δ 0.000014 0.000006 0.000010 0.000012 0.000010 0.000015

To obtain the MFP, we need to compute the inverse Laplace transform of
these numerical solutions using the Stehfest formula with P = 3. Lobo has
shown that this value of P results in good accuracy [12]. We note here, using
these value of P results in six different values of s.

Numerical solutions are obtained using MATLAB codes. The codes are
then executed using a PC with Processor: Intel(R) Core(TM) i3-3220 CPU
3.30 GHz 3.30 GHz, RAM: 2.00 GB (1.82 GB usable) and System type: 32-bit
Operating System, ×64-based processor. Using the number of elements and
interior collocation points stated above, elapsed time needed for obtaining
numerical values of φ at collocation points is 13485.519547 seconds.

6.1. MFP at different values of x

Using the method described above, numerical solutions of the dimen-
sionless MFP, Φ, at different values of x along z-axis are computed. The
results are presented graphically in Figure 2. This figure shows values of Φ
at x = 0.1, x = 0.2, x = 0.3, x = 0.4, and x = 0.6, along the z-axis, and at
various times.

It can be seen that the value of Φ decreases as x increases for any fixed
value of z, z = d1, d1 ≤ 1.5. The value of Φ at fixed depth z = d2, d2 ≥ 1.5,
is about the same at any value of x. This means that at any fixed value of
z, for z ≤ 1.5, the amount of water at locations near the channel are higher
than those further. However, for any fixed value of z, for z ≥ 1.5, the amount
of water at any locations are the same.
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Figure 2: Values of Φ for infiltration with root-water uptake at selected values of x along
z-axis.
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For t ≤ 2, an increase in Φ is clearly observed, especially at t = 2. From
t = 2 to t = 3, a rise in Φ occurs at z = 2. However, at z = 0, the values of
Φ at the corresponding x are about the same. From t = 3, there seems to
be no significant increase in the values of Φ. In fact, from t = 4 to t = 5, Φ
remains virtually unchanged. The results indicate that water content in the
soil increases until they reach their steady state or maximum values. The
results also indicate that at shallower levels of soil depth, maximum water
content is reached more quickly than those at deeper levels.

The results presented above may not give a quantitative value for the
actual water content in the soil, because water content depends on the soil
type, dimensions of the channels and the kind of crops planted. However,
these results provide a qualitative view of the distribution of water content
in soils, especially at shallow levels of the soil. Water content at the surface
of the soil reaches the required value more quickly than at other parts of
the soil. This means that there is a time after which the water content at
shallow levels of the soil remains almost unchanged. Since the water content
has reached an optimal value, farmers may reduce the amount of water when
irrigating crops.

6.2. MFP and root-water uptake

The effect of water absorption by the plant roots on the dimensionless
MFP may be examined using the results obtained. The dimensionless MFP,
at some different values of z are compared to those obtained from the corre-
sponding problem without root-water uptake. These comparisons are shown
graphically in Figures 3, 4 and 5.

Results presented in Figures 3 to 5 show the variation of Φ as t increases,
for infiltration with and without root-water uptake along three different lines,
z = 0.2, z = 1.0, and z = 1.8, inside the soil. For each line, three points
are selected such that one point is equidistant from two boundaries (z =
0 and z = 0.7), at x = 0.35, and the other two are near the boundary, at
x = 0.1 and x = 0.6.

15



0.8 1 2 3 4 5

1

1.5

2

2.5

3

t

Φ

 

 

x = 0.1
x = 0.35
x = 0.6

Figure 3: Variation of Φ with dimensionless time, t, for infiltration with root-water uptake
(solid lines), and without root-water uptake (dashed lines), at three locations along z = 0.2.
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Figure 4: Variation of Φ with dimensionless time, t, for infiltration with root-water uptake
(solid lines), and without root-water uptake (dashed lines), at three locations along z = 1.0.
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Figure 5: Variation of Φ with dimensionless time, t, for infiltration with root-water uptake
(solid lines), and without root-water uptake (dashed lines), at three locations along z = 1.8.

It can be seen from Figure 3 that at z = 0.2, increases in Φ are observed
from t = 0.8 to t = 2. At t = 2, the value of Φ begins to level off. It can
also be seen that the difference in Φ between infiltration with and without
root-water uptake increases as x increases. In other words, the difference
in Φ rises as the distance from the plant decreases. This implies that the
amount of water absorbed by the plant roots at a point near the plant is
higher than those at points further. This result is expected, as the maximum
uptake nears to the the plant.

From Figure 4, at z = 1.0, we observe that a significant increase in Φ
occurs from t = 1 to t = 2. Unlike before, at z = 0.2, the value of Φ
continues to rise after t = 2, and leveling off at a later time. In addition, we
also observe that the difference in Φ between infiltration with and without
root-water uptake is about the same for all three values of x. This indicates
that at z = 1.0, far below the root zone, the amount of water absorbed by
the plant roots at any point seems to be about the same.

We observe from Figure 5, that a significant increase in Φ occurs from
t = 0.8 to t = 2 at z = 1.8. Significant rise in Φ can still be observed from
t = 2 to t = 3, and Φ gradually tapers off after t = 3. At a fixed time, the
difference in Φ between infiltration with and without root-water uptake at
the three different points is about the same. This means that at z = 1.8, the
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amount of water absorbed by the plant roots at a fixed time t seems to be
about the same at any location.

The results presented above indicate that the amount of water absorbed
by crops at a point in the root zone is higher than that at other points.
Thus, it is desirable to provide sufficient amount of water in the root zone.
Since water content in the soil is affected by the distance from the soil to the
channels, crops must be planted as close as possible to the channels so that
desirable water content in the root zone can be reached more quickly. This
may hopefully result in less wastage of water.

7. Concluding Remarks

A problem involving time-dependent infiltration from periodic trapezoidal
channels with root-water uptake has been solved numerically using a DRBEM
and a predictor-corrector scheme simultaneously. The governing equation
of the problem is transformed into a Helmholtz equation. After solving the
Helmoltz equation numerically, the solutions are transformed back employing
Stehfest formulae, to obtain the dimensionless MFP.

The results indicate that at a fixed level of soil depth less than the depth
of the root zone, the amount of water absorbed by the plant roots at points
nearer the crops are higher than those at points further. However, at a fixed
level of soil depth deeper than the root zone, the amount of water absorbed
seems to be the same at any point in horizontal directions. The results also
indicate that there are variations in time needed to reach maximum water
content. Points at shallower levels reach their maximum water content more
quickly than those at deeper levels.
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