Photosynthesis and the importance of limiting factors
A01 Photosynthesis
· Definition and overall summary of aim of PS
· Light-dependent (LD) reaction aim = splitting of water. Summary: takes place in the thylakoid membranes, aim is to hydrolyse water to release a proton (H+) for reducing NADP for passing to the LI stage. Production of ATP using electron transport chain. Outputs: NADPH, ATP for LI stage and oxygen given off.
· Light-independent (LI) reaction aim = reduction of CO2. Summary:  CO2 taken in and combined with RuBP in the Calvin cycle. ATP from LD stage used to convert glycerate-3-phosphate to triose phosphate. NADPH used to reduce triose phosphate to produce RuBP and glucose.
A02 Limiting factors (LF) - state the limiting factor and explain how it limits P/S in detail
Limiting factor definition: ‘a variable that limits the rate of a chemical reaction’. At any one time, the factor that is on the shortest supply is likely to be the limiting factor. In greenhouses where light, water and heat are plentiful, CO2 may become the limiting factor. But on a winter day in UK, there will be plenty of CO2 and light / temp is more likely to be a LF. The plants with highest production levels are tropical (water) reeds.
· Light is a limiting factor because: when a chlorophyll molecule absorbs light energy it boosts the energy of a pair of electrons in the chlorophyll molecule. These high-energy electrons are released from the chlorophyll and are taken up by an electron carrier, reducing it and boosting its energy level. It then gets passed down a series of electron-carriers, at each stage giving off a little energy (which is used to make ATP). The replacement electrons for the chlorophyll come from water, ie photolysis. The electrons that were given off by the chlorophyll reduce NADP which is used in the light independent reaction. So lack of light means less water split, less ATP and less NADP produced.
· Compensation point as the point at which respiratory gas given off exactly match gases taken in, ie there is no net exchange of gases. Further increases in light intensity will cause a proportional increase in the rate of P/S and CO2 taken up / O2 given off.
· Temperature is a limiting factor in photosynthesis because P/S is a series of chemical reactions, and all enzyme-controlled reactions speed up when temperature is increased because the molecules have more kinetic energy, so there are more successful collisions. There comes a point at which the temp is too high and the enzyme molecule vibrates to the point where some H bonds break and the active site changes shape so that the substrate is no longer complementary (so the reaction rate drops).  So temperature is a limiting factor if it is too low OR too high. Temperature has more of an effect on the LI reaction than the LD reaction.
· Carbon dioxide is reduced in the Calvin cycle (light independent) so if it is lacking there will be a proportional decrease in product (ie glucose). 
· As this is in the light independent stage, light is only a limiting factor in that it is providing  the NADPH and ATP, so it can carry on until these run out
· Chlorophyll molecules: If all other factors are plentiful the number of chlorophyll molecules may become limiting.
· Structural adaptations of plants at A-level standard to reduce effect of limiting factors eg leaf surface area, sunken stomata, transparent cuticle, palisade cells packed with chloroplasts, chloroplasts motile, etc, etc: in each case say why the adaptation reduces the limiting factor 
· Water not considered a LF as there is always some in the cells and plants will close stomata and stop before it gets to that stage
· Other limiting factors: enzymes (be specific). Wavelength of light (esp underwater)
A03 Beyond the specification examples
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