Respiration

Photosynthesis (PSN) can be defined as:

CO2 + H2O + energy ( (CH2O)n + O2, where (CH2O)n are carbohydrates of some form

Respiration is just the reverse of photosynthesis:

(CH2O)n + O2 ( CO2 + H2O + energy
2 primary types of respiration in plants:

1 – growth respiration (construction respiration)

2 – maintenance respiration

Growth Respiration (Rgrowth)

The energy from Rgrowth is used to convert photosynthate into biochemical constituents of plant tissue.  Some carbohydrate-C is used in plant tissue, but some is lost to atmosphere as CO2 during respiration.  Plants need the energy from this “lost carbon”, but not the carbon itself.  The “lost” carbon is called Growth Respiration.  It is calculated from knowing the constituents made by the photosynthate & the biosynthetic pathways by which they are formed.  The more complex the constituents, the more 

energy needed to make them.

Growth Respiration is used to make new leaves, new roots, physical growth.

Rgrowth is directly dependent upon PSN & insensitive to temperature.

Maintenance Respiration (Rmaintenance)

Rmaintenance is used to maintain/replace currently living tissue and for protein synthesis & replacement, as well as membrane repair.

It is proportional to dry weight and increases w/ temperature.

It is also strongly influenced by tissue N concentration.


Why? Most N is found in proteins, and most Rmaintenance is allocated to 

protein repair and replacement.

Rmaintenance increases with age – ratio of photosynthetic to non-photosynthetic tissue 

decreases.  If used for maintenance, can’t be used for growth, so less growth in 

mature trees.

Light compensation point – that point at which photosynthesis just balances 

respiration in leaves or in plant – may or may not be the same

Environmental controls on respiration

Substrate availability (glucose)

Oxygen availability

Temperature

Type & age of plant

Carbon Allocation


88% to new growth (mostly roots, then new needles), 10% to maintenance 



(mostly roots)


How do you think this would change if the tree was 50 years old?

3 Potential Areas for Carbon Allocations (in order of importance)


Structure


Storage


Defense
What determines C allocation?


Genetics


Age of tree


Time of Year (e.g., growing season) 


Environmental Factors – light, water, nutrients

Light

How would this affect dense stands of lodgepole pine?

How could we improve their defenses?

Nutrient availability affects root:shoot ratios

As nutrient availability increases, root:shoot ratio decreases.


If water available, fine root production declines, foliage increases


(Same trend for nitrogen)


Invest smaller amounts of carbohydrate into roots when soil resources are 

abundant – does this make sense?

