
CO2 

Plant Ecology in a Changing World 
Jim Ehleringer, University of Utah 

http://plantecology.net 

Plants allocate carbon 
to enhance performance 

and to increase 
plant fitness 



Plants as integrated systems with repetitive modules 
  

•  repeating modules unlike growth in most animals    
   (leaves, xylem/phloem, roots, flowers, etc.) 
 
•  models of carbon acquisition, storage, and utilization 
 
•  “currency” integration concepts 
 
•  economic principles of cost-benefit analysis 
 
•  consideration of limiting factor concept 
 
•  temporal and spatial integration (within plant)  
     -  root - shoot ratio 
     -  leaf longevity and phenology 

Plants allocate resources to enhance performance 



 
Part 1 

Plant carbon balance 
and carbon allocation 

 



Carbon balance is used as an integrative approach for assessing the 
consequence of different plant characteristics on plant performance 



Growth rates are more similar within a life form than among life forms 



Plant growth rate is inversely proportional to leaf life span 

Leaf tissues are a primary 
target of herbivores, because 
of their high protein content. 
 
 
The longer the lifetime of a  
tissue, the greater the overall 
requirement to allocate 
resources for maintenance 
respiration and for defense. 

spinach 
leaf 

bristlecone pine 
needle 



•  gas exchange constraints imposed by root and hydraulic 
characteristics [conductance is not infinite] 

•  biomass distribution constraints imposed root - shoot allocation 
patterns [allocation of a resource to one tissue means that 
resource is not allocated to another tissue or organ] 

•  growth constraints imposed by non-storage and storage [there 
is a finite volume in a cell; increased tissue or organ size 
requires additional support, defense, maintenance resources] 
constraints imposed by multiple functions of an organ (e.g., 
water versus nutrient uptake by roots or storage versus 
conduction by shoots 

Constraints and tradeoffs in resource acquisition and utilization 



•  carbon-carbon bonds are the vehicle for energy transfer 
    within the plant [sugars, carbohydrates, amino acids] 
 
•  energy from oxidation of carbon-carbon bonds is used for  
   construction and maintenance of resource capturing  
   structures (leaves, roots) 
 
•  storage of energy over time is in carbon bonds 
   [lipids, carbohydrates] 

Carbon is the “currency” 

Carbon is frequently used as the “currency” for quantifying the adaptive 
significance of variations in phenological, physiological, and/or 
morphological features among plants 



•  Energy requirements for construction are based on glucose equivalents 
•  Energy requirements for construction: lipids > proteins > carbohydrates 
•  Stems, roots, and leaves are primarily based on carbohydrates. 
•  Construction costs are highest in lipid-prominent tissue types. 

Construction costs to build tissues depend on biochemical composition 



Root-to-shoot ratio is one integrating concept, especially when we 
recognize a plant as an aggregation of repeating modules 

Consider the need for balance 
in resources uptake and loss 
(e.g., transpiration, nutrients) 



Carbon allocation patterns often show predictable patterns, such as 
 • annual winter/summer cycles associated with dormancy 
 • seedling establishment 
 • responses to water deficit 



 
Part 2 

Plants as an assemblage 
of repeating modules 

 



Aboveground plant growth 
is a repeating sequence of 
vegetative and reproductive 
modules, with the apical or 
axillary meristems determining 
module development. 
 
Allocation to reproduction comes 
at the cost of allocation to new 
vegetative growth. 



Growth as a repetition of similar modular units, 
while maintaining a specific root/shoot ratio 

almond 



Lifetime reproductive output of annual plants 
is a proxy measure of fitness and is usually 

proportional to plant biomass 

Death Valley annuals 



Reproductive timing – deterministic, opportunistic, or both? 

What are the controls on reproductive timing? 
What are the controls on reproductive frequency? 
What are the controls on reproductive duration? 
What influences are determined by pollinators? 

How does the accumulated storage of 
carbon and nutrients influence reproduction? 
 
What are masting years? 



Reproduction in oak trees 

Masting in trees – synchronous seed production 



Reproductive tendencies 



 
Part 3 

Herbivory impacts on 
plant allocation patterns 

 



Carbon balance involves the capture of carbon (photosynthesis) 
and its subsequent allocation as well as the losses to 

maintenance, construction, and herbivory 

carbon allocation 

carbon loss 



 
Herbivores are spring active, 
increasing herbivory on vegetative 
and reproductive tissues  
 
However, drought enhances 
summer mortality rates 

Hemizonia subspecies exhibit life history 
tradeoffs with respect to drought vs herbivory 



Defense against herbivory can represent a substantial construction and 
maintenance cost (investments in alkaloids, tannins, other deterrents) 

C 

cell wall 
 
proteins 
 
lipids 
 
chemical 
defense 
 



Plant growth rate is slower when more of the carbon gain is allocated to defense 



Plants may allocate as up to 25% of leaf mass to chemical defense against herbivores 

Bixenmann et al 2010 
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Summary 
 
1.  Carbon balance is a useful integration or ‘currency’ concept, especially 

since energy for plant growth is contained within carbon-carbon bonds. 
2.  The cost to construct tissues depends on the chemical composition, with 

lipids being the most ‘carbon expensive’ component, carbohydrate the 
least expensive, and proteins intermediate. 

3.  Root-to-shoot ratio is a unifying concept, especially since plants are 
composed of repetitive modules. 

4.  Carbon allocation often involves tradeoffs related to phenology, life history, 
tissue life expectancy. 

5.  Plant growth rate is inversely proportional to leaf life span. 
6.  Defense against herbivory increases with leaf life expectancy.  
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