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Introduction 

The expansion of the hardwood plantation estate in Queensland is essential for the meeting of 

Australian national targets for afforestation over the next 20 years. Insufficient land availability in 

southern, temperate Australia and in the traditionally-planted humid coastal zone has forced the 

prospectus-driven commercial plantation sector to expand increasingly into regions more marginal 

for plantation establishment, e.g. the subtropical 700 – 1000 mm rainfall zone (Loxton and Forster 

2000). In these regions, production is limited by low water availability and high evaporative 

demand (Sands et al. 1999), there is no history of plantation establishment, and few if any useful 

data exist pertaining to growth estimates or site indices for species of potential interest.  

Plantation establishment has grown rapidly in the tropical and subtropical region over the last three 

years, and accompanying this a significant amount of research has been undertaken covering a wide 

range of taxa, sites and silvicultural treatments (e.g. Lee et al. 1999; 2001). However, longer-term 

knowledge of eucalypt silviculture in these regions, necessary to drive selection and management 

decisions, is both very limited and restricted primarily to Eucalyptus grandis (Birk and Turner 

1992; Cromer and Jarvis 1990; Doley 1978) and E. camaldulensis (Blake 1980; Facanha et al. 

1983). Consequently, for the estimation of plantation performance in the immediate future, 

predictive models may constitute the most useful tools.  

In particular, there is an increasing potential for physiologically-based models to be used as 

powerful predictive tools in plantation selection and management (Battaglia and Sands 1997, 

1998a; Coops 1998a). While several such models have been used in the context of predicting 

performance, few have been routinely applied to decision-making in plantations (Sands 1988; 

Battaglia and Sands 1998; Sands et al. 2000). Managers require models with attributes such as 

simplicity of structure and of use, ease of validation within the relevant context, flexibility in terms 

of the questions they can address and a capacity to operate using readily available input data (Sands 

1988). However, for most physiological models, while input data such as weather records are easily 

obtained, other data required to set parameters and to validate models for new situations or species 

often are not. These parameters may include physiological responses to light, water-use efficiency 

characteristics, and growth rates. They may be obtained through physiological research, from 

growth plots or from the literature.  

Eucalyptus grandis is an important plantation species in both South Africa and South America, 

where it has and continues to be the subject of a considerable research effort, particularly in relation 

to its water-use characteristics (e.g. Dye 1996, Bevilaqua and Blake 1997, Esprey pers. comm., 
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Almeida pers. comm.). Despite the extensive work of Cromer et al. (1993; 1995), E. grandis has 

received on the whole much less attention in Australia. However, it remains arguably the most 

researched of the tropical/subtropical eucalypts in a field where there exists a dearth of both basic 

and applied physiological knowledge. This is particularly apparent when compared to the much 

better understood temperate commercial species (e.g. E. globulus, E. nitens). While E. grandis is 

considered primarily a pulp species in Australia, it is increasingly being considered for solid wood 

products in South America in response to periodic downturns in pulp and paper markets (Lima et al. 

2000). The substantial processing challenges for the industry presented by these short-rotation crops 

have resulted in heightened interest in the taxon’s physiology in recent years. Although the species 

has long been considered to possess significant potential for plantations in Australia, its variable 

performance across sites is well established (Cromer et al. 1991). It thus provides an excellent 

starting point to consider the usefulness of predictive models, both in terms of the quantity of 

available information, and the known limitations of traditional empirical approaches to modelling 

its growth. 

Two physiological models potentially suitable for application to E. grandis are PROMOD (Battaglia 

and Sands 1997) and 3-PG (Landsberg and Waring 1997, Sands and Landsberg 2002). These are 

process-based models developed specifically for use as forest management tools. Sands (2001a) 

compares the performance of these models as tools for site selection. Both are generic models in the 

sense that application to a species requires the development of a set of parameters that characterise 

the species. However, many parameters in PROMOD are derived from physiological experiments, 

e.g. gas-exchange measurements, while those required for 3-PG are stand-level parameters often not 

accessible to direct measurement. The two models use very similar site and climatic input data.  

Both 3-PG and PROMOD can be used to screen sites on the basis of potential productivity, to predict 

stand development (but in radically different ways), and to determine which factors are likely to be 

limiting production. Both can be applied spatially to predict productivity across a landscape. 3-PG 

and PROMOD have been implemented in various ways, but both have been similarly implemented in 

Microsoft Excel in a format particularly convenient for parameter estimation and testing (Sands 

2001b, Sands 2002). 

In preparation for the adaptation of these models to E. grandis, a substantial literature search of 

publications relevant to E. grandis physiology, effects of silviculture and climatic conditions on 

growth and development of E. grandis stands, the availability of E. grandis growth data, and prior 

application of growth models to E. grandis has been carried out. This material will be used as the 
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basis of a review of E. grandis physiology, and for the adaptation of the two models to this species. 

The Appendix of this report is a compilation of the material to hand at the time of writing (July 

2002). 
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