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Light Curve Template: guide notes	
Quick start guide:	
On first use, "Enable content" to allow use of the macro	
Ensure Solver add-in is enabled	
If required, create copies of the template worksheet (on the sheet tab: hold Ctrl & drag, or right click > Move or Copy…)	
Enter raw data (PAR, F, Fm') from your instrument	
If required, change default values of PFDa and Fraction PSII	
Calculate the best fit and plot the curve with Solver	.
		
Template guide:	
This template will use an equation (Platt et al., 1980) to model and calculate the best fit of a curve based on data collected with a Hansatech Instruments Handy PEA, M-PEA or FMS.	
The Excel Solver add-in is used to calculate the values of ETRs, α and β that minimise the Sum of the Squared estimate of Errors (SSE). This gives the best fit.	
These calculated values can then be used in the equation to plot a curve. Values of ETRmax and Ek are also calculated from ETRs, α and β.	
		
This workbook includes a simple macro to automatically run the Solver tool. When first opened you will receive a security warning with an option to "Enable Content". This is required to use the macro.	
Enabling the Excel Solver add-in: Go to File > Options > Add-ins.  At the "Manage" option choose "Excel Add-ins" and click Go.  Enable "Solver Add-in" with the tick box and click OK.  Solver is visible in the Data menu.	
A suitable protocol of light treatment and measurement should be developed using the instrument's software.	
If required, copy the template worksheet for separate data sets (on the sheet tab: hold Ctrl & drag, or right click > Move or Copy…).	
The raw data from Handy PEA and M-PEA will have been described assuming the sample was dark adapted, but data collected during a light curve protocol will be from light adapted samples.	
Therefore, raw data from Handy PEA and M-PEA will have been labelled as Fo and Fm, rather than F (or Fs) and Fm'.	
		
			
1. Paste or type values for PAR, F and Fm' into the "Measured Parameters" area of the template (cells A15-C15). Alternatively, paste values of ΦPSII or ETR that have been calculated elsewhere directly into the correct columns.	

Handy PEA: 
F & Fm' will have been labelled as Fo and Fm in the PEA Plus software, shown in the “Parameters" tab/window. Displayed parameters can be toggled on/off from Tools >'Parameter View' Parameters.

PAR values can be found in the PEA Plus software on the "Settings" tab/window in the "P. Light" column. If not displayed, the "P. Light" column is toggled with the "Ip" tick box on the left-hand side of the window.

All values can be exported to a .csv file using File > Export Parameters. PAR (P. Light) values will be included automatically.

M-PEA:
F & Fm' will have been labelled as Fo and Fm in the M-PEA software. These parameters are displayed in the "Parameters" tab/window. Displayed parameters can be toggled on/off from Tools >'Parameter View' Parameters.

Displayed parameters can be exported to a .csv files using File > Export Parameters.

PAR values can be found in the M-PEA software on the "Protocol" tab/window in the "Illum(uM)" column.

M-PEA protocol info (including PAR settings) can be exported to a .csv file using File > Export Protocol. In the .csv file PAR values are found in the "Table of Acquisitions" in the "Pre Illum" column.

FMS2: 
Parameters can be exported from the FMS software with File>Params to Clipboard or ASCII. Parameters can also be retrieved with the FMS Parameter Viewer software.

PAR values can be determined for actinic light settings using the PAR sensor on the PTL (PAR/temperature leafclip).



1. If required, change the default values of PFDa and FractionPSII (cells B8 & B9) for the ETR calculation. ETR values calculated from the measured data will be displayed on the chart.	
1. Estimated values for ETRs, α and β (H8-H10) are generated from the measured data/calculated parameters. These will act as a starting point for calculating the best fit values.	
1. The "Plot curve" button will run Solver. Values for ETRs, α and β which minimise SSE (giving best fit) will be calculated (J14-J16) and used in the model to generate modelled ETR values. The modelled ETR values are plotted on the graph to make a curve.	
1. Ek and ETRmax are calculated from the best fit values of ETRs, α and β.		
																
Notes:
This template acts as an introduction to curve fitting with Microsoft Excel for users of Handy PEA, M-PEA and FMS.	Other models can be used to fit a curve to data. Other regression algorithms and software tools can be used to calculate the best fit of the chosen model.	
Users of this template should conduct further research about models available to fit a curve and the statistical analysis of light curves, especially before analysing experimental data or comparing curves. 
If curve fitting fails or gives poor results Excel Solver could be run manually. Constraints and options in Excel Solver might help to improve the result. 
Many online guides and YouTube videos for non-linear regression in Microsoft Excel offer explanations of the functionality of Excel Solver.	
It might be necessary to alter the light treatment and measurement protocol if data and curve fitting are poor.	
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