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Summary   Descriptive and mechanistic models are 
powerful tools in biological studies. The main dif-
ficulty is mathematically expressing the responses to 
environmental conditions. Thus, the kind of questions 
that one needs to answer by developing a model should 
be explicit in their earliest stage. Having clear ques-
tions will help one to design a conceptual diagram to 
decide which elements of the real system should be 
taken into account and which elements should not. 

Weeds are one of the limitations to chickpea ( Cicer 
arietinum L.) production, which is the fourth most 
important legume in Australian agriculture. The best 
method to control weeds in crops such as chickpea 
is through the use of integrated weed management 
(IWM). Appropriate IWM packages for chickpea 
should make use of the competitive ability of specific 
chickpea cultivars, herbicides, proper row spacings, 
seed densities and timing of crop planting. Having 
more competitive cultivars appears to be a viable ap-
proach for providing a safe and environmentally benign 
component for IWM.

Common sowthistle ( Sonchus oleraceus L.) is 
one of the world’s most cosmopolitan weeds from the 
Asteraceae. It was chosen as the case study weed in 
this research.

In the present project, a mixture of experimental 
and modelling approaches was used to visualise how 
sowthistle morphogenesis is affected by chickpea 
architecture. Experiments were conducted under 
controlled conditions with chickpea and sowthistle 
plants grown separately in sandy soil with optimum 
nutrients and water. 

In order to characterise the three-dimensional 
(3D) architecture of chickpea and sowthistle over 
time, a sonic 3D digitiser system was used to record 
the plant morphology (number of organs, leaf 
area), topology (branching pattern), and geometry 

(spatial co-ordinates of the plant components) non-
destructively. This equipment takes advantage of the 
fact that sound travels between two points at a constant 
speed. The orientation of the travelling sound wave and 
its speed are known, so it is possible to calculate the 
location of the plant in 3D space. 

In order to determine the effect of light avail-
ability on the morphogenesis of sowthistle, another 
experiment was conducted with three different levels 
of light availability. The light availability was changed 
by growing sowthistles under two levels of chickpea 
population and full ambient light (as a control). The re-
sulting data were used to parameterise the phyllochron 
(leaf production) of the sowthistle model.

In this study, plant models are expressed using the 
mathematical formalism of Lindenmayer-systems (L-
systems). The ability to express branching structures in 
L-systems is one of its important features in modelling 
plants. A Monte Carlo ray tracing program is used to 
estimate the shading ability of different architectures 
of chickpea and to transfer the amount of available 
light to sowthistle. 

The preliminary numerical results of the simula-
tions were in agreement with the available literature for 
other plants. High weed suppression ability was found 
among the virtual chickpeas with larger leaflets or in-
ternodes, more leaflets or branches and rapid maturity. 
The worst architectures were those with fewer leaflets 
or branches, small leaflet size or internode length and 
late maturity. The results of the model were as expected 
and the model is ready to be parameterised for avail-
able chickpea cultivars in the near future. 
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