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Abstract 

The South African Sugarcane Research Institute has performed substantial research on the 

establishment of an effective IPM system, with the current IPM system including a number of 

good farming practices. The approach of habitat management is, however, not yet included. 

In this study, a cellular automaton model is developed with which a number of different field 

configurations may be compared in terms of their corresponding infestation of Eldana 

saccharina Walker (Lepidoptera: Pyralidae). The cellular automaton model simulates 

E. saccharina growth and dispersal within a heterogeneous sugarcane environment, and

simulations are performed for large spatial areas containing irregular shaped sugarcane fields.

GIS shapefiles are employed in the model to define the underlying structure of the

agricultural landscape. The model yields results similar to a previous model developed for the

pest species’ growth and dispersal in sugarcane, but with the advantage of shorter execution

time on large spatial areas. Further validation of the model is still in progress, and a number

of additional complexities are considered for inclusion as possible future work.

Keywords: sugarcane, eldana, cellular automaton, agricultural landscape, habitat management, 

modelling 

Introduction 

The sugarcane industry has been using an integrated pest management (IPM) system 

developed by the South African Sugarcane Research Institute (SASRI). The current IPM 

system does not yet include newer interventions such as the use of habitat management, and 

ways to incorporate these approaches are under consideration (Conlong and Rutherford, 

2009). A previous study by Potgieter et al. (2015) has indicated the existence of an optimally 

diversified sugarcane habitat in terms of cane age, which may contribute to lower infestation 

levels. The study employed a reaction-diffusion model1 to simulate the population dynamics 

of Eldana saccharina Walker (Lepidoptera: Pyralidae) in sugarcane. Experimental simulation 

runs were performed only on small, 4 ha sugarcane areas. The primary objective of this paper 

is to expand on the research by presenting an alternative simulation model of E. saccharina 

infestation in sugarcane in which larger sugarcane areas as well as irregular field shapes 

typical of a sugarcane landscape are considered by incorporating GIS information. 

1A reaction-diffusion model considers the local reactions in which individuals interact with each other and the 

movement across the domain as the diffusion. 
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An alternative approach to modelling the population dynamics of a species is to use a cellular 

automaton (CA)2 (Hogeweg, 1988; Itami, 1994). A CA is defined as a n-dimensional grid of 

cells, each having a finite number of states. The CA is initialised by setting each cell a 

starting state, which progresses in discrete time steps. During each time step, each cell 

updates its state according to a rule relating to the cell’s current state and a surrounding 

neighbourhood (Packard and Wolfram, 1985). 

 

Methodology 

 

In the context of this study, a CA is used to describe the dynamics of an E. saccharina 

infestation in a sugarcane landscape, with each cell representing a small sugarcane patch and 

corresponding infestation level and being influenced by the infestation pressure placed upon 

it by the cells in its neighbourhood. 
 

Consider a habitat of finite size containing patches of sugarcane infested by E. saccharina, 

where infestation levels increase over time as the cane matures. Set a grid 𝐺 as a two-

dimensional array with 𝑚 × 𝑛 cells to represent the infested sugarcane habitat. Let each cell 

in  𝐺 be in one of six states: none (0), very low (1), low (2), medium (3), high (4), very high 

(5) where these states refer to the E. saccharina infestation level within the specific cell. Let 

the states be a set 𝐸 =  {0,1,2,3,4,5}.   
 

The relative simplicity of the model requires a number of simplifying assumptions. All 

members of the species are homogeneous and E. saccharina infestation can only be 

decreased by harvesting. The effect of temperature on infestation levels is incorporated using 

average monthly temperatures as the daily temperature. It is assumed that for each field3, the 

entire field contained the same age and variety of sugarcane, with soil type not incorporated. 

Sugarcane growth is only incorporated as a carrying capacity constraint on the pest growth, 

where certain cane ages4 are required for infestation levels to progress to the next infestation 

state. 
 

The value of a cell at position (i,j) during time 𝑡, 𝑔𝑖,𝑗
𝑡 , is updated according to the rule 

 

𝑔𝑖,𝑗
𝑡+1 = {

𝑔𝑖,𝑗
𝑡 + 1 with probability 𝑝

𝑔𝑖,𝑗
𝑡  with probability 1 − 𝑝

      (1) 

 

where 𝑝 is the probability of an increase in infestation during time 𝑡, given that the required 

age has been reached. The probability is calculated according to the rule 
 

𝑝 = 𝛼𝑝𝑑 + (1 − 𝛼)𝑝𝑚, (2) 
 

which is the weighted average, as determined by 𝛼 𝜖 [0,1], of both the probability 𝑝𝑑 of an 

increase in infestation as a result of dispersal within the neighbourhood of a cell (Leslie, 

1993), as well as the probability 𝑝𝑚 of a natural increase in infestation experienced within the 

cell. The probability 𝑝𝑑 is calculated by 
 

𝑝𝑑 = (
(∑ ∑ 𝑔𝑖,𝑗

𝑡 )−𝑔𝑖,𝑗
𝑡𝑗+1

𝑗−1
𝑖+1
𝑖−1

40(𝑔𝑖,𝑗
𝑡 +1)

) (3) 

2A CA is a mathematical model for a system in which many simple components act together in a pre-defined 

manner to produce complicated patterns of behaviour. 
3Multiple sugarcane patches forming irregular field shapes  
4Chronological age of the crop 
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which is a summation of the values in the neighbourhood of a cell, divided by the value of the 

next infestation state of the cell. The obtained numerator can range from zero to 40, therefore, 

a further division by 40 is required to ensure that 𝑝𝑑  𝜖 [0,1]. The probability 𝑝𝑚 is calculated 

for each infestation state 𝑒 𝜖 𝐸, by incorporating the infestation state and temperature at time 

𝑡, as well as the crop resistance towards E. saccharina at position (𝑖, 𝑗) 𝜖 𝐺. The formula is 

given by  

 

𝑝𝑚 = {
min {𝑀𝑒 × 𝑅𝑣 + 𝑐(𝜏 − 𝜏𝑏), 1} if 𝜏 > 𝜏𝑏

max {𝑀𝑒 × 𝑅𝑣 + 𝑐(𝜏 − 𝜏𝑏), 0} if 𝜏 < 𝜏𝑏
 (4) 

 

 

with 𝑀𝑒 denoting the probability that a cell will enter the next infestation state given the 

cell’s current infestation state 𝑒 𝜖 𝐸, 𝑅𝑣 a ratio that adjusts the maturity probability according 

to the resistance rating 𝑣 ∈ 𝑉 of the crop variety, where 𝑉 = {resistant, intermediate-

resistant, intermediate, intermediate-susceptible, susceptible, highly susceptible}, 𝜏 the 

temperature at time 𝑡, 𝜏𝑏 a base temperature to determine whether the temperature should 

increase or decrease the probability and 𝑐 the effect of one unit change in temperature on the 

probability. Keeping and Rutherford (2004) and Way (1995) showed that both the crop 

variety and daily temperature influences the spreading of E. saccharina infestation. The min 

and max functions applied to the probability 𝑝𝑚 ensure that 𝑝𝑚 𝜖 [0,1] should the difference 

between 𝜏 and 𝜏𝑏 become too large. 

 

To determine the E. saccharina infestation increase over time simulated by the model, each 

cell was initialised with sugarcane of age 0 months and with a 10% chance that the crop is 

infested. An infestation state of 1 was then assigned to the infested cells, while the uninfested 

cells were assigned an infestation state of 0. A two-year simulation was performed using the 

field configuration of a pilot site near Eston as the underlying structure for the CA. The 

starting month of the simulation was chosen to be April, and corresponding temperature data 

for the region was used. 

 

Results and Discussion 

 

The infestation increase over time averaged over the simulated area is given in Figure 1a. The 

output suggest that the model produces an infestation increase over time similar to what is 

expected in reality – a slow increase during the first months of sugarcane growth as well as 

during cold winter months, followed by a faster increase the more favourable the climate and 

mature the sugarcane becomes. In addition, comparison between the CA developed and the 

reaction-diffusion model developed by Potgieter et al. (2013) indicates that both models 

produce similarly shaped infestation growth curves (see Figure 1). A more thorough 

calibration and validation of the model is still required, incorporating historical data on 

E. saccharina infestation to estimate model parameters more accurately. Furthermore, 

additional complexities such as the effect of soil type on sugarcane growth, physiological age 

of sugarcane and the corresponding in-field infestation patterns, as well as push-pull plants 

may be considered for inclusion in future development of the model. 
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Conclusion 

 

A CA model for E. saccharina infestation in sugarcane was developed. The model produces 

output similar to what is expected in a real life scenario. In addition, the output from the 

model compares well with the reaction-diffusion model developed by Potgieter et al. (2013). 

Output suggests that the CA may be used as an alternative model to find an optimally 

diversified sugarcane habitat in terms of cane age and variety, which may contribute to lower 

infestation levels. The short execution time of the CA makes it possible to run simulations on 

larger spatial areas. In addition, the incorporation of GIS information has the advantage of 

simulating realistic landscape structures. The model is, however, still a work in progress with 

many additional complexities still to be incorporated. Furthermore, validation of the model 

still needs to be done using historical data on E. saccharina infestation. 
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a) Two-year E. saccharina population growth 

curve simulated by the model. 
b) The population growth curve of Potgieter 

et al (2013), with two resistance values over a 

two-year period. 

Figure 1.  Comparison of simulated E. saccharina population growth curve to a 

population growth curve found in literature 
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