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Photosynthesis
6CO2 + 6H2O --> C6H12O6 + 6O2 

While the equation above looks like a simple one step reaction, there are actually quite a few steps between the reactants and products. This complex reaction can be broken down into the following two reaction systems: 

Light reactions: H2O --> O2 + ATP + NADPH2 

· This system depends on sunlight for activation energy. 

· Light is absorbed by chlorophyll which "excites" the electrons in the chlorophyll molecule. 

· Electrons are passed through a series of carriers and adenosine triphosphate or ATP (energy) is produced. 

· Water is split, giving off oxygen. 

Light independent reactions: ATP + NADPH2 + CO2 --> C6H12O6 

· While this system depends on the products from the light reactions, it does not directly require light energy. 

· Energy from the light reaction is used to convert carbon dioxide into a series of carbon sugars. 

· The ultimate product is sucrose 

Chlorophyll: The chemical that makes it all possible. 

Chlorophyll is a pigment, a chemical that absorbs certain wavelengths of light. Its color represents the colors of light that it reflects, not absorbs. Therefore, green light is not useful to chlorophyll. Red and blue wavelengths of light are absorbed and provide the energy for photosynthesis. 

Chloroplasts: The sites of photosynthesis. 

Chlorophyll is only found in chloroplasts, cell organells, never in cell cytoplasm. The structure of chloroplasts is quite complex, but these are the major structures: 
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· The organelle is surrounded by a double membrane. 

· Inside the inner membrane is a complex mix of enzymes and water called stroma. 

· Embedded in the stroma is a complex network of stacked sacs. Each stack is called a granum. 

· Each of the flattened sacs which make up the granum is called a thylakoid.

Factors Determining the Rate of Photosynthesis: 
· Light intensity: 

· light-limited - At low light intensities photosynthesis is starved for energy. The system uses most of the quanta the pigments capture and is therefore maximally efficient, but because there are few quanta, the rate is low. Under these conditions the rate may only slightly exceede the respiration rate, so the net photosynthetic production by the cells is actually very poor. 

· light saturation - As the light intensity is raised, the rate of photosynthetic production increases. However, a plateau is reached at about one-fourth the intensity of full sunlight. Light saturation does not result from any limitation in the capacity of chlorophyll to absorb light. It represents the maximum rate at which the light independent reactions of photosynthesis can use energy from chlorophyll. A further increase in the energy supply becomes excess energy and it converted to heat and wasted. 

· Temperature: 

· The light reactions of photosynthesis are not temperature dependent. 

· The dark reactions of photosynthesis are temperature dependent enzymatic processes. 

· These reactions do have an optimum temperature. Photosynthesis by most plants increases only up to about 25o C, 77o F. The rate levels out and then actually declines as the temperature approaches or exceeds human body temperature. This seems odd because we normally think of human body temperature as a physiological optimum temperature. 

· Other factors: 

· length of day 

· amount of carbon dioxide available 

· level of air pollution 

Photosynthetic Efficiency: 

The maximum efficiency of photosynthetic energy conversion is 114/400, or about 28.5%. 

This is an absolutely maximum value, good only for red light and completely optimal conditions, including completely ignoring photorespiration, which substantially reduces photosynthesis by most plants under field conditions. Most practical agricultural and forestry measurements in the field give efficiencies at or below 1%. 

Significance of Photosynthesis: 

Photosynthesis is responsible for the conversion of carbon from carbon dioxide into organic compounds in plants. It allows the plant to make organic building blocks, new cells, starch, and proteins. Without this process, life as we know it would not exist on earth. Plants provide, directly or indirectly, food for all animals and all of our atmospheric oxygen. 

