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Lecture 2

Growth Modifiers



Tropical Rainforest : 
Canopy Stomatal Conductance Relationships

Lloyd et al.1995. Plant, Cell & Environment, 18 :1129-1145.



Tropical Rainforest : 
Canopy Stomatal Conductance Relationships

Pub. 114. Waring, R.H. and J.J. Landsberg.  2011. Generalizing plant water 
relations to  landscapes. Journal of Plant Ecology 4:101-113

Light-Use and Water-Use Efficiency response to CO2



Waring, R.H., and W.E. Winner. 1995. Assessing the  availability of resources and 
quantifying their constraints  upon terrestrial primary productivity. IN: E. Fuentes and R.  
Lawford (eds.). p. 89-102. High latitude rainforests and river  systems. Springer 
Verlag, New York.

Stomatal Conductance and Soil Drought

http://people.forestry.oregonstate.edu/richard-waring/sites/people.forestry.oregonstate.edu.richard-waring/files/publications/Waring&Winner.pdf


Landsberg & Waring (1997)
Soils differ in how they release water

Stomatal Conductance and Soil Drought



Effect of Subfreezing Temperature on Stomata and GPP
Hadley (2000) Arctic, Antarctic and Alpine Res. 32:368-374.



Optimum Temperature



VPD Response of Northwest Forest Species
Waring and Franklin, 1979. Science



Waring et al. (2016) For. Ecol.& Manage.

As Trees Grow, They Produce Less Foliage and More Branches



As a result of the shift in the partitioning of growth in mass, 
photosynthesis is constrained  by less efficient plumbing as 

expressed by a drop in total hydraulic conductance (Ga)

Hydraulic Conductance in Function of Age



All Modifiers Affect Canopy  
Production and Transpiration



Temperature Frost

(0 ≤ fi ≤ 1)

NPP = Q0* 𝟏𝟏𝟏𝟏− 𝒆𝒆𝒆𝒆−k∗LAI * α Cx * R * fi

f θ fage fCα

ASW Age CO2

fi = fT fF fN fD

Nutrition VPD



VPD ASW

(0 ≤ fi ≤ 1)

Gc= Gcmax * fj

fj = fD f θ fF fCg

CO2Frost
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http://people.forestry.oregonstate.edu/richard-waring/sites/people.forestry.oregonstate.edu.richard-waring/files/Water%20relations%20in%20tree%20physiology_%20where%20to%20from%20here_%20ok%20copy).pdf
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