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1987, Van Noordwijk et al. 1990). For the con-
ditions chosen here this also means a constant
uptake rate per root, each root being confined
to an equal volume of soil. The uptake potential
of such a root can be characterized by a char-
acteristic time: the period during which the con-
centration at the root surface exceeds the lim-
iting (in practice zero-) concentration or, to put
it dif(erently, the period during which uptake is
in accordance with plant demand. This charac-
teristic time will in the following be called the
period of unconstrained uptake and will be in-
dicated by the symbol 1~, (days), or tu (dimen-
sionless units). The constant uptake condition
will be treated in this paper.
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where C is the concentration in the soil solution
(mg cm-3), T is time [days], R is radial distance
from root center (cm), Ka is the adsorption con-
stant [ml cm-3], e is the soil water content
[ml cm-3], D is the diffusion coefficient [cm2
day-I], and V is the flux of water towards the
root [cm day-I]. It will be assumed here that D
is constant and that a steady-state situation
exists with respect to flux of water, i.e., V is only
a function of R and not of T.

TRANSPORT EQUATION, BOUNDARY AND

INITIAL CONDITIONS
Gejometry of soil/root system and boundary
conditions

Consider a uniformly distributed parallel root
system with root density Lrv cm cm-3, and sup-
pose all roots have the same length H cm and
radius Ro cm (Table 1 gives a list of symbols).
To each root, therefore, a hexagonal cylinder

Transport equation
The" governing equation for transport

of a nutrient by mass flow and diffusion, sub-
ject to linearadsorption,in a homogeneous soil
of constant water content reads in cylindri-
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Crop growth models treat the uptake of the
root system in a macroscopic way, i.e., calculat-
ing uptake from the average concentration and
root lE'ngth density. When one can assume the
distribution of tile concentration around a root
to follow the steady-rate distribution, at least
when T = T u, the average concentration at t" is

given by Eq. (65). As long as the average con-
centration in the soil exceeds cu, uptake can
proceed with the required rate. Figure 4 com-
pares the average concentration in the soil cyl-
inder at T u when calculated for uniform replen-
ishment (given b)' Eq. (62» and for replenish-
ment from outside the soil cylinder (given by
Eq. (60». Differences are slight, so it appears to
be justified to use the transport equation (14)
rather than Eq. (17) since it leads to simpler
solutions.

At T = 7'u' a considerable amount of available

nutrients may be left in the soil, especially for
low root densities, high demand, low soil water
content (the diffusion coefficient strongly de-
crease "lith decreasing soil water content (Bar-
raclough and Tinker 1981», and/or high adsorp-
tion constant. Uptake of this amount will be

described as a zero-sink process, and this will be
the subject of the following paper.
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