Measurements of Chlorophyll a fluorescence: 

The chlorophyll a fluorescence technique is of particular significance in natural environments to study how the irradiance availability affects the photosynthetic apparatus and its efficiency under different light conditions (Gonçalves et al., 2001, 2005; Gonçalves and Santos Jr., 2005b; Santos Jr. et al., 2006). The analysis of chlorophyll a fluorescence emitted by PSII is a fast, easy, and non-invasive tool to evaluate the plant’s photosynthetic performance, providing precise and objective data with regard to photochemical efficiency and the processes of non-photochemical deexcitation involved in the conversion of light energy under different conditions (Clark et al., 2000; Misra et al., 2001; Baker and Rosenqvist, 2004; De Ronde et al., 2004; Gonçalves and Santos Jr., 2005b; Panda et al., 2006). The PSII unit catalyses the light-induced electron transport from water to the plastoquinone (PQ) pool molecule and consists of up to 25 different types of protein subunits, which are organized into two structurally and functionally different parts (Hankamer et al., 1997; Stirbet et al., 1998). The first part is the core complex, a well-defined structure responsible for all electron transfer reactions in PSII and organized as a dimer in the stacked, appressed regions of the thylakoid membrane. The second part is the peripheral antenna; in plants it consists of a collection of light-harvesting complex II (LHCII) proteins which absorb most of the light for PSII (Dekker and Grondelle, 2000). Under conditions of high irradiance, PSII is recognizably the first protein complex to exhibit damage. For this reason, a study of the structural and functional behavior of PSII can allow the examination of the primary effects of stress caused by excess irradiance on plants.

Measurements of Chlorophyll a fluorescence: 
The chlorophyll a fluorescence was measured in healthy and completely expanded leaves using a hand fluorometer (FluorPEN FP 100, Photon System Instrument, Czech Republic). Measurements were taken on the selected leaves which were dark adapted for 20 min, a period of time sufficient for all reaction centers of PSII to become open (Rhee et al., 1998; Zouni et al., 2001). Immediately after the dark adaptation, the leaves were exposed to a pulse of saturating light at an intensity of 2700 µmol m-2 s-1, with a wavelength of 650 nm for 5 s. The fluorescence transients were recorded from 10 µs to 5 s at 12 bit resolution (Strasser et al., 2000). The FlourPen software (PSI, CZ) was used to load the full fluorescence transients and to calculate the O-J-I-P parameters from variable fluorescence values at F50µs, F100µs, F300µs, F2ms and F30ms, according to the equations of the O-J-I-P-test (Strasser and Govindjee, 1992; Strasser and TsimilliMichael, 2001). The specific fluxes expressed per reaction centers (ABS/RC; TRo/RC; DIo/RC; ETo/RC) and phenomenological fluxes per cross section (ABS/CSo; TRo/CSo; DIo/CS; ETo/CSo) were derived from the theory of energy flux from biomembranes (Sironval et al., 1981) and were calculated using the O-J-I-P test (Strasser and Tsimilli-Michael, 2001). Absorbance (ABS) refers to the absorption of photons by the chlorophyll molecules in the antenna complex. Part of the absorbed energy was trapped (TRo) by the reaction centre of PSII (P680) while the remainder was dissipated (DIo) in the form of heat and fluorescence.

Of the trapped energy, part of it was converted to redox energy by electron transport (ETo) through QA and QB (Strasser et al., 2000). Furthermore, the following variables were determined: the density of reaction centers (RC) per cross section (RC/CS), the maximum quantum efficiency of PSII primary photochemistry (ϕPo =TRo/ABS), the maximum efficiency of non-photochemical de-excitation (ϕPo = DIo/ABS) and, the probability that a trapped exciton (ψo = ETo/TRo) or that an absorbed photon (ϕEo = ETo/ABS) moves an electron further than quinone A (QA). The performance index (PI) has been defined as the ratio of two structure-function indexes (SFI). The first, SFIPo(ABS) (ChlRC/Chltot) x ϕPo x ψo), responds to structural and functional PSII events leading to electron transport within photosynthesis (TsmilliMichael et al., 1998). The second, SFINo(ABS) ([1-(ChlRC/Chltot)] (1- ϕPo) x (1- ψo)), refers to the energy that is dissipated or lost from photosynthetic electron transport, in which Chltot is the total Chl a concentration, and Chl tot = Chl antenna + Chl RC. (Strasser et al., 1999).

The combination of both structure-function indexes leads to the expression performance index (PI) and when based on absorption of antenna Chls of PSII (PIABS) can be represented as:

PIABS = SFIpo(ABS)/SFINo(ABS) = {(ChlRC/Chltot)/[1-(ChlRC/Chltot)]} x [ϕPo/(1- ϕPo)] x [ψo /(1- ψo)] = (ChlRC/Chlantenna) x [ϕPo/(1- ϕPo)] x [ψo/(1 -ψo)], or, in terms of the expression used in the O-J-I-P-test (Srivastava et al., 1999): PIABS =(RC/ABS) x [ϕPo/(1- ϕPo)] x [ψo/(1- ψo)].

