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and [COand [CO22] on physiology of ] on physiology of 
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We are happy to advise that 
reports of our impending 

demise may have been very 
much exaggerated

General structure of talk

• Photosynthetic physiology

• Other temperature responses

• CO2 in more detail
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Photosynthetic physiology

In accounting for 
photosynthetic effects, need 
to consider interacting 
effects of CO2 and 
temperature

Lloyd, J.  & Farquhar, G. D.  (1996) Functional Ecology. 13: 1-32

Photosynthetic physiology

• For both temperature and CO2 there are two 
fundamental  processes that  can be 
considered separately, but should analysed 
together

• Biochemical responses in the chloroplast 
= ability to utilise CO2

• Stomatal responses to the environment 
= ability to supply CO2
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Supply of CO
2

Demand for CO2

Farquhar, G. D. & Sharkey, T. D. (1982) Ann. Rev. Plant Physiol. 33: 317-345 
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Lets consider first stomata
• Main role is regulate rates of carbon gain by 

the leaf in relation to rates of water loss

» One fundamental response is
adjust stomatal opening to 
changes in leaf-to-air vapour 
pressure difference.

Tchevakova et al. (2002) Tellus54B 537-551. 

General characteristics of stomatal 
response to VPD

• Can seem like a 
response to 
temperature

• Vapour pressure of 
water inside a leaf is  
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Over the course of a day in Amazonia

Imogen model runs with CRU climatology:  Manaus Grid Square, January, 2000.

How & why do stomata respond to VPD ?

• They seem to sense the evaporation rate itself 
(Mott & Parkhurst, Plant Cell & Environ. 14, 509; 1991)

• G* = G - sE

• G* = G/(1 - sD)

• E = G/(s + 1/D)
• Jarvis & Davies, J. Exp. Bot. . 49, 399; 1998
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For example, Manaus eddy covariance data

Data of Y. Malhi and colleagues, G = 1.35 mol m-2 s-1
; s = 0.122; r = 0.47

= “apparent” temperature effects
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Balance of evidence so far suggests that “adverse” effects of high temperature effects

on tropical forest photosynthesis are mediated via VPD induced stomatal closure

• Cameroon (Koch et al. 
Tree Physiol. 14, 397; 
1994)

• Malaysia (Ishida et al. 
Tree Physiol. 16, 779; 
1996)

• Brazil (Manaus)
Carswell et al. Tree 
Physiol. 20, 179; 2000)

But, of course the biochemistry of photosynthesis 
also responds to temperature

It can reasonably be 
anticipated that all C3
plants have similar 
temperature 
sensitivities for the 
major enzymatic 
processes (low CO2)
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But membrane bound processes are more fluid and variable

(electron transport for example)

Paramaterisation of Manaus C-14
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Both model and 
data agree on less 
of a CO2 effect at 
high light

Based on stomatal 
hydraulics and 
[ATP]

Simple fudge here

Stomatal model according  to Buckley, Mott and Farquhar 

But complicated physiology at high temperatures

• ATP concentrations are 
maintained despite decline in 
electron transport rate

• Activation of cyclic electron 
transport around PS I

• Sugars may also help stabilise 
membranes  

• Rubisco activase ?
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Temperature and photosynthesis simulations 
(Manaus)

A temperature response is mostly a CO2
response
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Isoprene
• Some genera emit and 

some do not

• Thought to be an adaptive 
response to maintain 
membrane function at 
high temperatures

• But no clear Basin-wide 
relationship between 
emmitter abundance and 
high temperatures

Respiration may also acclimate
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Other temperature sensitivie processes

• Cambial activity

• Reproductive function

CO2 should stimulate growth at under 

shaded conditions
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Tropical forest seedlings show dramatic 

growth and mortality responses at low light

• V. K. Agyeman, M. D. Swaine, J. Thompson 
(1999)  Responses of tropical forest tree 
seedlings to Journal of Ecology 87 (5), 815–
827. 

If we assume light exerts its effect via 
photosynthesis

• This is because 
relative growth rate 
should be 
proportional to A

• Suggests a β of about 
1; or that seedling 
growth should be 
increasing by about 
1% per year
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Stand BA growth

Stand BA mortality

Stem recruitment

Stem mortality
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There is a 
systematic 
variation in LAI 
across Amazonia

It can be also 
theoretically be 
shown that more 
fertile sites 
(especially with lower 
light) should indeed 
have lower LAI

Consequences of increased recruitment: Where can 
more trees fit in? 
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Lower LAI forests with greater fertility 
would be the logical place to look for stand 

level CO2 responses
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Conclusions

• Some form of  CO2 response of tropical forests 
is inherently logical.

• Temperature effects are mainly manifest through 
effects on water vapour through stomatal 
conductance and intercellular [CO2] 

• Higher [CO2] should therefore counterbalance 
any high temperature effects on photosynthesis


