Appendix S2: Describing a generalised photosynthetic light response curve for cross-species comparisons  of potential carbon assimilation rate


In the current study, we were interested in understanding the consequences of light interception for particular architectures, unconfounded by any differences in leaf biochemistry. Consequently, a generalised light-response curve (Lambers et al., 1998) common to all species was used to translate PFD interception into potential photosynthesis. Unless differences between leaf biochemistry amongst species can be quantified, light response curves offer similar resolution to more advanced models of leaf biochemistry, such as the Farquhar-Von Caemmere model (Farquhar et al., 1980). In addition light response curves are computationally simple and intuitive.


YPLANT requires 5 parameters to describe the photosynthetic light response curve (Pearcy & Yang, 1996): 


�


where A is the instantaneous assimilation rate (�symbol 109 \f "Symbol" \s 12�m�mol CO2 m-2s-1), Q is the PFD (�symbol 109 \f "Symbol" \s 12�m�mol photons m-2s-1) incident on the leaf surface multiplied by the leaf absorptance (0-1), Amax and Rdark are the light saturated photosynthetic rate and leaf dark respiration rate (both per area basis; �symbol 109 \f "Symbol" \s 12�m�mol CO2 m-2s-1), �symbol 97 \f "Symbol" \s 12�a� is quantum yield (mol CO2 mol-1 photons) and �symbol 81 \f "Symbol" \s 12�Q� is the convexity of the light response curve (0 –1). Values for light saturated photosynthetic rate (Amax; 9.57 �symbol 109 \f "Symbol" \s 12�m�mol CO2 m-2s-1) and dark respiration rate (1.06 �symbol 109 \f "Symbol" \s 12�m�mol CO2 m-2s-1) were obtained by averaging across existing data for 21 of the study species (table 5), plus 13 additional species occurring at the two sites, to provide habitat mean values (data from Wright et al., 2001). There was no significant difference in Amax between the medium and low LAI sites (t = 0.631, df = 33, p = 0.532) so a common value was used for species from both sites. Quantum yield has been shown to vary little between C3 species (Singsaas et al., 2001), allowing a standard value of 0.052 (Ehleringer & Pearcy, 1983) to be used. Similarly leaf absorptance does not vary greatly between species allowing a standard value of 0.85 to be used (John Evans, ANU Canberra, pers. comm.). Unfortunately, convexity of the light response curve cannot yet be predicted from leaf traits (Ogren & Evans, 1993). In the absence of empirical data, an intermediate value of 0.7 was used for convexity. The results were not altered substantially by the choice of convexity.


Ehleringer J, Pearcy RW 1983. Variation in quantum yield for carbon di oxide uptake among 3-carbon pathway and 4-carbon pathway plants. Plant Physiology 73: 555-559.


Farquhar GD, Von CS, Berry JA 1980. A biochemical model of photosynthetic carbon di oxide assimilation in leaves of 3-carbon pathway species. Planta (Berlin) 149: 78-90.


Lambers H, Chapin FS, Pons TL 1998. Plant physiological ecology. New York: Springer.


Ogren E, Evans JR 1993. Photosynthetic light-response curves: I. The influence of carbon dioxide partial pressure and leaf inversion. Planta (Heidelberg) 189: 182-190.


Pearcy RW, Yang W 1996. A three-dimensional crown architecture model for assessment of light capture and carbon gain by understorey plants. Oecologia 108: 1-12.


Singsaas EL, Ort DR, DeLucia EH 2001. Variation in measured values of photosynthetic quantum yield in ecophysiological studies. Oecologia 128: 15-23.


Wright IJ, Reich PB, Westoby M 2001. Strategy shifts in leaf physiology, structure and nutrient content between species of high- and low-rainfall and high- and low-nutrient habitats. Functional Ecology 15: 423-434.





