
Mechanisms Controlling the 

Temperature Response of C4

Photosynthesis

Rowan Sage

Department of Ecology and Evolutionary 

Biology, University of Toronto, Toronto ON M5S3B2



Echinochloa C4

42 DAT

42 DAT

44 DAGMaize C4

Rice C3

C4 Photosynthesis Supercharges 

Biomass Production

DAG = Days after germination

DAT  = Days after transplanting

Grain Yield = 13.9 t ha-1

Grain Yield = 8.3 t ha-1

© JES
Slide courtesy of John Sheehy, International Rice Research Institute



P
h

ra
g

m
it

e
s

P
e

rr
e

n
ia

l 
ry

e
g

ra
s

s

T
a

ll
 f

e
s

c
u

e

B
a

m
b

o
o

P
h

a
la

ri
s

A
n

n
u

a
l 

ry
e

g
ra

s
s

A
ru

n
d

o

S
w

it
c

h
g

ra
s

s

M
is

c
a

n
th

u
s

G
a

m
b

a
 g

ra
s

s

S
o

rg
h

u
m

E
ri

a
n

th
u

s

P
a

n
ic

u
m

 m
a

x
im

u
m

S
a

c
c

h
a

ru
m

E
le

p
h

a
n

t 
g

ra
s

s

P
e
a
k
 d

ry
 m

a
tt
e
r 

y
ie

ld
, 
T

 H
a

-1

0

20

40

60

80 C3 Crops

C4 crops

Maximum Dry Matter Yields Reported for 

Biofuel Crops
from El Bassam (1997) Energy Plant Species



C4 Supercharges Photosynthesis Using A Two 

Compartment CO2 Concentrating Mechanism                
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Leaf temperature, 
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Global Temperature Change and Modeled Predictions:

1900 to 2100

Source: Intergovernmental Panel on Climate Change (2007) 

Climate Change 2007: The Physical Basis. Cambridge Univ. Press



Source: Intergovernmental Panel on Climate Change (2007):

Climate Change 2007: The Physical Basis. Cambridge Univ. Press

A Schematic of How Warming Affects Climate



Leaf temperature, 
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Improving C4 Photosynthesis 

To improve C4 photosynthetic capacity in a 

crop plant, one should understand the 

biochemical processes that limit C4

photosynthesis in the environment of 

interest.
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Theoretical Controls Over C3 Photosynthesis
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Potential Limitations on C4 Photosynthesis

1) Rubisco capacity

2) RuBP

regeneration

3) Pi regeneration
4) PEP carboxylation

5) PEP 

regeneration

6) Decarboxylation

C4 cycle limitations in blue, C3 cycle limitations in red



Biochemical models of C4

photosynthesis predict

1) The initial slope of the 

CO2 response of 

photosynthesis generally 

reflects the strength of the 

C4 metabolic pump.

2) The CO2 saturated 

plateau mainly reflect the 

strength of the C3 cycle.
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C4 Photosynthetic Response to CO2

and Temperature
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Leaf temperature, °C
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Potential Limitations on C4 Photosynthesis

1) Rubisco capacity

2) RuBP

regeneration

3) Pi regeneration
4) PEP carboxylation

5) PEP 

regeneration

6) Decarboxylation

C4 cycle limitations in blue, C3 cycle limitations in red



Summary

• C4 photosynthesis is limited by Rubisco capacity at 
cooler temperatures, although short-term cold exposure 
can also impair PPDK.

• The limitation on C4 photosynthesis at elevated 
temperature remains unclear.

• In a warmer, high CO2 world, it is possible to improve 
WUE and NUE without impairing photosynthesis by 
manipulating enzyme contents in the C3 and C4 cycles of 
a C4 crop such as sugar cane.
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Naidu, Moose, Al-Shoaibi et al. (2003) Plant Physiol. 132:1688

Cold-acclimation in Miscanthus x giganteus

and cold-stress in Zea mays
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From Kubien and Sage (2004) Plant, Cell Environment 27:907



In Flaveria bidentis, control 

analysis using plants with an 

antisense Rubisco gene 

demonstrate the control 

Rubisco exerts over 

photosynthesis is great at low 

temperature in C4 plants
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