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Identifying key process parameters in a sink-source interaction model for energy crops 
Goetz M. Richter, Gordon A Dailey, Federico Triana-Jimeno, Andrew Riche
Rothamsted Research, Centre for Bioenergy and climate Change, Harpenden, AL5 2JQ, United Kingdom
The ‘design’ of novel crops or the selection of new ideotypes is particularly relevant for bioenergy crops because these are often less well known with regard to their growth potential and environmental demands. We, therefore, developed a generic growth model, which integrates developmental, morphological and physiological processes and which we first applied to Miscanthus giganteus, a popular biomass crop. Many of the pheno-morphological and physiological parameters of these C4 grasses are known, and we aimed to rank the model parameters for their relative importance using a global sensitivity analysis and thus aide the selection and breeding process. The purpose of this paper is to briefly describe the key principles of this model, which is based on these two parameter groups, and to discuss the implications of parameter ranking in a global sensitivity analysis for further research.
Methodology
The new model BEGraS (BioEnergy Grass Species) is described in detail elsewhere (Richter et al., 2010). In brief, it is based on the sink-source interaction model LinGra (e.g. van Oijen et al. 2005), which balances sink (tillers, plant extension) with resource (photosynthate, reserves) availability. The sink parameters of aboveground biomass (pheno-morphology) were taken from Clifton-Brown &Jones (1997) and Farrell et al. (2006), while source parameters (photosynthesis; thermal sensitivity) come from Beale et al (1996) and other sources. The maximum fraction of mobilizable carbohydrate in all components was set to 0.2. The parameters of tiller emergence and senescence were fitted to 5-year observations in an experiment established in 1993 at Rothamsted. Similarly, the newly introduced rhizome compartment (vegetative tillers) and dynamic fractionation between above- and belowground biomass (fA/B) of was approximated using measurements in the same trial (Christian et al, 2006). Parameters of light interception (leaf area dynamics, extinction coefficient, kC) were taken from the literature.
The sensitivity analysis (SA) was done with the Morris Method (Saltelli et al, 2004), which changes one-parameter-at-a-time using randomized sampling matrices of the parameter space, defined by six trajectories and six levels for each trajectory. This allows direct observation of elementary effects of the parameters on the Miscanthus growth, here measured as 4th-year yield. Sensitivity estimates of the total effects due to a single parameter change were produced, with a final output of the mean (μ*; strength) and standard deviation (σ; spread) of the change in yield produced in each model run. For the execution of the SA, parameters were set to their mean and standard deviation (default CV of 10%), all distributions were assumed to be normal, and truncation thresholds were set to 90%. A large value of μ* indicates an important overall influence of the parameter change on the output (total effect), whilst a large measure of spread σ indicates a non-linear effect of the parameter on the output or an interaction with other parameters (second-order effect). We grouped the parameters in four principal groups: initial conditions (I), phenological (PH) and morphological (M) development, and physiological parameters (A). Details on the parameters are given in the Figure caption.
Results and discussions

The model parameters derived from the literature were first evaluated and adjusted using the dynamic records during the establishment phase (1994-1998) of morphological variables (tiller density, height, leaf area, dry weights of leaves, stems, rhizomes and roots). Assuming that all emerging shoots are generative tillers, then the transformation coefficient of vegetative to generative, cv2g, for the tall grass is about 10 times higher than for the small Timothy grass. The sub-module of tiller formation lacks further evidence and very little is known in the literature with regard to parameters of temperature or daylength effects. This part of the model is therefore, entirely empirical. 

The results of the SA are extremely useful as they show the relatively low importance of those tillering parameters (Figure 1). The strongest response of the model comes from the quantum efficiency which has a three times stronger effect than Asat. Four morphological parameters rank the next highest, which determine either light interception or the aboveground sink size. The overall model response to the morphological parameters is about 1 t/ha.
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Figure 1: Ranking of parameters acc to strength of response, µ, for different model domains and settings: 
Initial conditions: e.g. Dry Matter of planting material (DMrhz)
Phenology: transformation coefficient vegetative to generative tiller (cv2g), optimum temperature (Toptv2g).

Morphology: extinction coefficient, kext, coefficient of leaf to plant extension ratio,cL/P; leaf width, WDL, fraction of shoot, fsht, maximum specific leaf area, SLAx, specific stem weight, cSSW, crown height, hC; base temperature, Tb(sht).

Physiology: quantum efficiency of photosynthesis, φ; photosynthesis rate at light saturation, Asat; parameters of temperature effect on photosynthesis Tb,n,x(A)
In conclusion, the two-fold response of the sensitivity analysis to a 10% parameter change illustrates a clear ranking of the parameters according to the direct effect. The coefficient of variation of the response (σ) ranges between less than 10% and less than 30% for the more important parameters, showing some but not very strong non-linearity or interaction between the parameters of the model. 
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