Importance of limiting factors in production
A01 Production: Gross primary production (GPP) is the amount of energy fixed in a given area over a given time and would be expressed in eg kJ/m2/year. 
The process by which the energy is fixed in primary production is mainly photosynthesis using light energy being absorbed by chlorophyll, but also includes chemosynthesis eg bacteria in deep sea vent ecosystems which oxidise H2S.
The energy is fixed into biomass by the producer (eg glucose, which may be built up into cellulose) and is then hydrolysed to release energy in the form of ATP during respiration. The energy (as biomass) is also passed on to the next trophic level during feeding. The amount available to be passed on (called net primary production, NPP) from the producer to the primary consumer is given by:
NPP = GPP – respiratory losses to the environment
The net production (N) of consumers can be calculated as:
N = I – F + R, where I = the chemical energy store in ingested food, F represents the chemical energy lost in faeces and urine, and R = the respiratory losses to the environment
Limiting factor definition: ‘a variable that limits the rate of a chemical reaction’.
[bookmark: _GoBack]A02 importance of limiting factors: Light intensity is usually the most important limiting factor to photosynthesis (PS), and therefore production. Light is absorbed by chlorophyll, leading to its photoionisation which then leads to the release of electrons. These are then passed down the electron transport chain which results in the production of ATP and NADPH. These 2 products are used in the light independent reaction to reduce glycerate -3- phosphate (3GP) to make glucose. This is used to make biomass in the form of carbon-containing compounds eg cellulose, proteins. Thus if light intensity drops (or if it is the wrong wavelength: different photosynthetic pigments absorb different wavelengths eg chlorophyll a absorbs violet and red, whilst chlorophyll b absorbs more in the blue / green part of the spectrum), the chlorophyll will not produce electrons, NADPH and ATP will not be produced, the light independent reaction in terms of 3GP will slow down leading to less glucose production, which all make up biomass, and therefore production.
The wavelength of light available to plants is particularly important in aquatic plants, where blue light penetrates water to greater depths than red light. Aquatic plants have evolved to have pigments that absorb blue light so that they can fix energy with maximum efficiency. 
Carbon dioxide is one of the raw materials for photosynthesis, where it is reduced to make sugars by combining with RuBP to make the 3GP, which is then used to make triose phosphate, then converted to a range of biological molecules according to the plants’ needs, eg glucose, amino acids, nucleotides, lipids. Increasing CO2 concentration from normal atmospheric levels of 0.03% to approximately 0.1% will increase the rate of triose phosphate production and therefore organic compound and biomass production, ie GPP. These conditions are sometimes created in greenhouses. However when concentrations get above 0.4% it becomes inhibiting.
Water, although a raw material for PS (it is split by photolysis), does not itself become directly limiting. This is because as H2O levels drop, the plant becomes stressed and shuts its stomata, and so CO2 becomes the limiting factor before H2O.
Temperature is a limiting factor in GPP 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. Up to a certain extent, the rate of photosynthesis doubles for every 10’C.
As a limiting factor is increased, photosynthesis will increase up to a point where it levels off (and something else becomes a limiting factor). For example, even if all of the factors above are at their optimum level, the rate of photosynthesis and therefore production will only rise to a certain point beyond which other factors may stop any further increase, eg number of chlorophyll molecules, concentration of photosynthetic enzymes.
Production will vary at different times of the year, being lowest in winter (in deciduous trees it will be zero as they have no leaves to photosynthesise).
As production is energy fixation and production of biomass, it will include protein production as this is required for growth of cells and therefore biomass production. Proteins are needed to make eg cell cytoskeletons, histones, enzymes, cell membranes. All proteins contain nitrogen which is taken up from the soil as nitrates. Although other minerals can be limiting factors (frequently phosphate is a limiting factor in aquatic systems), nitrate is the most important limiting factor to production. Farmers add fertiliser to soil to remedy this so that yield (ie production) is increased which increases profits.
Production by consumers will be the amount of energy fixed through ingestion (eating food), minus the amount lost in faeces, urine and respiratory losses. Factors limiting production will include temperature; if it is colder, endotherms will respire to maintain body temperature rather than adding biomass (ie production). Farmers sometimes keep cattle indoors in the winter to keep them warmer which increases production (yield). This also reduces movement and therefore the amount of energy lost in ATP production for detaching myosin heads in muscle contraction, leaving more for biomass growth. 
The amount of energy in a food chain is determined by the amount that gets fixed by producers. After this stage, respiratory losses reduce the amount at each trophic level significantly, eg 90% is typically lost between producers and primary consumers. After about 4-5 trophic levels, the energy
(net production) passed on ‘runs out’ and there are no more animals in the food chain. 
Organisms in a food web will dissipate the energy away from a single chain. So a limiting factor if a farmer is trying to maximise production is to ‘simplify’ food chains, ie remove pests and pathogens, so that the maximum energy is converted to biomass for that particular organism rather than energy being lost to others in the food web. Eg remove ticks from cattle
Production by chemosynthesis in deep sea thermal vents will have different limiting factors. H2S is used instead of light as a source of electrons for reduction so light is not a limiting factor. Temperature is unlikely to be one as the vents are thermal – but it might be that there is limited space at exactly the position where the temperature is optimum. It seems unlikely that H2S would be limiting. Possible limiting factors might be other minerals eg nitrates that they would need to make proteins, and therefore limit production, as above.
