

Possible limiting factors:

· Light – at low levels of illumination light is limiting because the light dependent reactions will only be proceeding slowly (i.e. insufficient ATP and reduced NADP made for maximal use by the Calvin cycle).

· CO2 – often the limiting factor in the environment since atmospheric concentrations vary between 0.03-0.04%. 0.1% is the optimum concentration. Many greenhouses have extra CO2 added to increase yield.

· Temperature – chemical reactions are enzyme controlled and are therefore temperature sensitive. The light independent stage (uses Rubisco enzyme) is temperature dependent and the rate will increase with increasing temperature, provided other raw materials are not limiting. For temperate plants the optimum is usually 25-30(C, with a minimum being around 0(C, although some Arctic and alpine plants may photosynthesise at lower temperatures. Temperatures above the optimum denature the enzymes involved in photosynthesis.

· Water – difficult to asses its role. Although it is known that the closure of stomata in wilted leaves reduces the availability of CO2 and therefore lowers the rate of photosynthesis.

· Pollution – Ozone, sulphur dioxide and the oxides of nitrogen damage the leaves. Crop yield may be reduced by up to 15% in polluted areas. Soot may also reduce the transparency of the leaf and block the stomata.

· Chlorophyll concentration – mineral deficient soils lacking Mg, Fe & N may cause chlorosis which will reduce the rate of photosynthesis. Light is needed for the formation of chlorophyll, which is why plants grown in the dark are yellow.


Compensation point
Respiration is continually occurring in a plant. Photosynthesis can only occur in the light and its rate may be limited by other factors. Respiration produces CO2 and uses O2, while photosynthesis uses CO2 and produces O2. 

During darkness CO2 is being produced and oxygen used. As light increases photosynthesis starts to occur. A point will be reached where the rate of respiration equals the rate of photosynthesis and there is no net change in CO2 or O2. This is the compensation point. 

TASK: What do you think may limit photosynthesis:


1) On a warm, bright Summer's day?


2) On a Winter's day?


3) During the cool of morning or evening?


4) In shaded areas? How do you think plants are adapted to cope with shady conditions?








F.F. Blackman formulated the law of limiting factors 


“when a chemical reaction is limited by more than one factor its rate is limited by the factor nearest its minimum value”.





Photosynthetic rate is limited by whichever factor is nearest to its minimum value.
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