
89

Movement, Persistence and Activity of Herbicides in Soils:
Development of a Computer Simulation Model
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Summary
A computer simulation model supported the hypothesis that
degradation of chlorsulfuron in acidic sands was due to
chemical hydrolysis in the soil solution at rates determined
by temperature and pH.

Introduction
Studies in controlled environments provide quantitative

descriptions of the relative importance of the factors that

determine movement and persistence of herbicides in soils.

Extrapolation of these findings to the field for prediction
purposes, however, is difficult because of the many factors that are
involved, their interactions and their fluctuations. However,
computer simulation makes it feasible to cope with this complexity.
The objective of the computer model (HERBISIM for HERBIcide
SIMulation) was to describe and predict daily changes of the
sulfonylureas in the profile of acidic, sandy soils.

HERBISIM consists of seven sections: Application and
Incorporation; Precipitation Solvation; Adsorption Desorption;
Degradation; Leaching; Soil Water Balance; Environment. However,
presented here are the results only of the development and
validation of the rates of degradation of chlorsulfuron.
Specifically, the simulation model is used to test the hypothesis
that degradation of chlorsulfuron in an acidic sands takes place in

the soil solution and can be predicted from laboratory studies that
established the rates of chemical hydrolysis in water at controlled
temperatures and pH (1); adsorbed herbicide is protected. from
hydrolysis.

Methods
The daily change (AL) in

is the sum (E) of additions
flow multiplied by 1 day (st)

AL = ERates(Addition
It was usually appropriate to

Rate = K x Mass
The half -life (HL) is 0.693/

the level of herbicide in a soil layer
and depletions calculated as rates of

Depletion) x At (mg m -2) I

formulate the rates as:
(mg m -2 d -1) II

K. Daily updates of herbicide levels
(Lt) were calculated as:

Lt - Lt_i + AL (mg m-2) III

The adsorption isotherm from laboratory studies of the
particular soil type (1), fitted by the Freundlich equation, is used
to calculate the potential adsorption for the layer. If the mass of
herbicide adsorbed is less than the potential for adsorption then
herbicide moves from the soil solution to the adsorption sites.
This process is reversible and desorption takes place if the actual
mass adsorbed is less than the potential for adsorption.

Laboratory studies with irradiated soil established that
chlorsulfuron were degraded in the acid sands by chemical hydrolysis
at rates determined by temperature and pH. Reaction kinetics were
first order. Similarly, the rates of chemical hydrolysis in
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buffered water varied over a range of pH values and there was an
interaction with temperature:

HL = 1453 x 10( -b x °C) (days) IV

b = 3.1 x 10( -33 x pH) (1 / °C) V
where HL is the half -life of the residue of chlorsulfuron. At this
time the relationships in equations IV and V are supported by data
within the range of 20 °C and pH 4.6

Soil temperatures at field sites were recorded by an on -site
computer (2); temperatures were constant in the laboratory
incubation studies. These historical data ( °C) were used in
equations IV and V. Pots of soil were buried in field plots (W89)
as non leached reference treatments (2). The daily maximum and
minimum temperatures in the buried pots were used to calculate the
maximum and minimum rates of hydrolysis from which the mean for the
day was calculated.

Results
As herbicide in the soil solution was hydrolysed, desorption

maintained a constant concentration of herbicide in the soil
solution (Fig. 1). The simulated half -life was 52 days and
approximated the observed half -life of 42 days (Table 1). If it was
assumed that adsorbed herbicide was not protected from hydrolysis
then the half -life was 17 days, the same as that observed in water
at the same temperature . and pH (Table 1). In the field environment
with fluctuating temperatures the simulated 'residues agreed with
those observed, if the value of the b.parameter in the ( °C x pH)
interaction was 0.13 (Fig. 2).

Table 1. A test of the hypothesis that the life
of residues of chlorsulfuron can be simulated
when it is assumed that degradation is due to
hydrolysis in the soil solution and that adsorbed
herbicide is protected from hydrolysis.

Half life (days)
Observed: pH 4.6, 20 °C

Buffered water 17
Watheroo sand 42

Simulated: pH 4.6, 20 °C

Adsorbed is hydrolysed 17
Adsorbed is not hydrolysed 52

Discussion
Simulation results supported the hypothesis that degradation of

chlorsulfuron is due to chemical hydrolysis in the soil solution and
that adsorbed herbicide is protected from hydrolysis. Furthermore,
the temperature x pH interactions established in solution
experiments applied to the soil solution. However, the model was
tested over a limited range of temperature and pH. It is likely
that the simulation model will overestimate the residue half -lives
at near neutral pH values. Future work needs to concentrate on the
measurement methods of soil pH and the variations in pH between the
soil solution and that near to the adsorption surfaces. More work
is needed also on whether solutes and colloids in the soil solution
modify the rates of hydrolysis for a given temperature and pH.
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Fig. 1. Simulated changes in the levels of chlorsulfuron residues

(Adsorbed + Solution) and Concentration in the soil solution of a

sandy soil at 20 °C and pH 4.6. Adsorbed herbicide was not

hydrolysed and the residue half -life was 52 days.
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Fig. 2. Agreement between observed residues in the pots () of the
Watheroo Experiment (W89) and simulated declines in pot residues

( ) for the observed temperatures (Max, Min) and pH 4.6. The

upper residue curve is for b = 0.10 and the lower for b = 0.13. Day .

numbers begin at 1 January 1989.
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