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Basic stoichiometric equation on photosynthesis and the production of sugar and 
oxygen via the consumption of CO2, water, and light
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Several pathways exist for fixing CO2 into sugar
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Photosynthesis is more than just the simple equation and the presence of light. 
There is a balance between the rates of photosynthesis due to the supply of CO2 in 
the air, its diffusion through the mesophyll, stomata and leaf surface boundary 
layers and the demand for CO2 by light and the photosynthetic capacity of the leaf, 
due to its thickness, amount of N in Rubisco and layers of mesophyll cells with 
chlorophlasts.
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The enzyme ribulose-1,5-bisphosphate carboxylase (rubisco) catalyzes the addition 
of gaseous carbon dioxide to ribulose-1,5-bisphosphate (RuBP). Product of the 
reaction are two molecules of 3-phosphoglyceric acid. 

C5O3H8(PO4
2-)2 + CO2 -> 2 C3O3H4PO4

2-
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Basics of the light reactions
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An example of the stoichiometry of the photosynthetic carbon reduction (PCR) and 
the photosynthetic carbon oxidation (photorespiration cycles). In this case, it is 
scaled with in an input of 3 CO2 molecules

The enzyme ribulose-1,5-bisphosphate carboxylase (Rubisco) catalyzes the 
reaction between gaseous carbon dioxide and ribulose-1,5-bisphosphate (RuBP). 

Product of the reaction are two molecules of 3-phosphoglyceric acid for each CO2 
molecule

C5O3H8(PO4
2-)2 + CO2 -> 2 C3O3H4PO4

2-

RUBISCO has an affinity for both CO2 and O2, with the later 
leading to photorespiration, a loss of CO2. The rate of 
competitive oxygen fixation is a proportional to the oxygen 
concentration time the ratio of oxygenation (Vo) to 
carboxylation (Vc).  At ambient conditions Vo/Vc is about 0.27 
(2 times the CO2 compensation point divided by CO2; ~ 2 x 
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38/280).  In practice for each CO2 consumed by carboxylation 
0.5 CO2 times Vo/Vc are lost by photorespiration; hence the 
amount of photorespiration decreases as CO2 concentrations 
increase

Chemical Energy (NADPH & ATP) is used to regenerate RUBP

Resource: von Caemmerer. 2000. Biochemical models of leaf 
photosynthesis, CSIRO Publishing
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Graphic showing how photorespiration Increases with higher Temperature and lower 
CO2.

Sage et al 2013
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Pathway linking photosynthetic carbon reduction and photosynthetic carbon 
oxidation cycles
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More gory biochemical detail on photorespiration for those interested
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C4 photosynthesis evolved with a change in leaf anatomy too, the bundle sheaths 
of the kranz anatomy.
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After Sage et al 2013 Annual Review Plant Biology
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Question. Are C4 grasses favored in California?
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C4 plants have distinct and much less negative del 13C isotope ratios than C3 
plants. It is a great tracer for distinguishing diets among C3 and C4 grasses.  C4 
grasses are also deemed to have higher water use efficiencies than C3 grasses 
because they have lower stomatal conductances and achieve lower Ci/Ca ratio (0.7 
for C3 grasses and 0.4 for C4 grasses)
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Vo/Vc is 0.27 at ambient conditions, so for each carboxylation, there is 0.13 (0.5 
times 0.27 = Vo/Vc) oxygenations 
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Non linear response curve to rising CO2. Note with certain levels of CO2 
photosynthesis will start to saturate.  Ci is about 0.7 Ca so Ci ~ 350 is at about 500 
ppm Ca
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Photosynthesis of leaves also saturate with light. The saturation level depends in 
part to leaf exposure and the photosynthetic machinery invested. Shaded adapted 
leaves, deep in a canopy receive low light levels (10% of full sun) so they don’t 
invest in thick Ps machinery. So the saturation level is lower than a fully sun leaf.

From chapin



Actual leaf ps rates is a fight between supply and demand, in terms of light energy 
to drive RuBP regeneration by electron transport, or the saturation of Rubisco due 
to CO2 levels.  Graphically we can also see how stomatal conductance changes 
with C3 and C4 leaves or how it may change with rising or lowering CO2.  In 
practice stomatal conductance decreases (resistance increases) with increasing 
CO2
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Photosynthesis scales with Nitrogen. One of the first papers on this topic, circa 
1986, Field and Mooney
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More data on photosynthesis and nitrogen. Power of big data, data mining and 
scaling laws.  This figure follows a log log pattern
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Stomatal and photosynthesis, scale, so does stomatal conductance and leaf N. 
Hence we can expect higher transpiration rates with fertilized crops than more 
nutrient poor native vegetation.

37



Photosynthetic capacity decreases with drought, measured in terms of pre dawn 
water potential
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Soil water deficits impose stomatal closure.
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