Energy Balance, controls on transpiration

Sources for this lecture: Larcher, chapter 4; Waring and Running, chapter 2; Jones, chapter 5.

Classic paper:  McNaughton and Jarvis. 1983.  Predicting effects of vegetation changes on transpiration and evaporation.  In TT Kozlowski, ed., Water deficits and plant growth, Volume VII, Academic Press.  

First:  Review of concepts that Rob Hubbard introduced

· Water is pulled from soil to atmosphere through roots, stem, leaves (follows a water potential gradient)

· Stomata generally close to limit plant water potential, probably to avoid loss of conducting system through cavitation

· Conductivity (amount of water able to move through a cross-section) of the stem is related to total transpiration and general water balance of site.

Questions:  

1. What do you expect the relative conductivity and vulnerability to cavitation to be for a Eucalyptus growing in the wet tropics compared to a ponderosa pine?  A riparian angiosperm?

2. If trees are able to refill xylem at night, why is there so much control over gs to limit leaf water potential? 

Examples of hydraulic control over stomatal conductance -

Ponderosa pine transpiration – short versus tall trees  - Ryan et al. 2000.

Green pruning – stomatal conductance increases with canopy removal: Pinkard, E. A., C. L. Beadle, N. J. Davidson, and M. Battaglia.  1998.  Photosynthetic responses of Eucalyptus nitens (Deane and Maiden) Maiden to green pruning. Trees 12: 119-129.

Shading – stomatal conductance increases with lower canopy shading: Whitehead, D., N. J. Livingston, F. M. Kelliher, K. P. Hogan, S. Peppin, T. M. McSeveny, and J. N. Byers.  1996.  Response of transpiration and photosynthesis to transient change in illuminated foliage area for a Pinus radiata D. Don tree. Plant, Cell and Environment 19: 949-957.

Energy Budgets

Different plants can control transpiration, and this has a large effect on local and regional climate.  Energy budgets are a simplified way of examining these effects.

The energy balance of a surface is driven by net radiation (Rn), the difference between incoming radiation that is absorbed and radiant heat loss:  (Figure from Waring and Running, Chapter 2)

Rn = Incoming radiation * (1 - albedo) + radiant heat from the sky - radiant heat loss from the surface.

The energy balance of a surface equals losses to sensible and latent heat and any change in heat storage.

Rn = H + E + G

Examples of different energy budgets.  (Forest, grassland) - Figures from McNaughton and Jarvis (1983).  Forst has a larger stomatal control higher aerodynamic resistance.

Examples of stomatal control over transpiration - Figure from Larcher, 4.25.

Examples of transpiration rates - Larcher, Table 4.8

Different systems have different stomatal (Gc) and aerodynamic conductances (Ga).  A ‘coupled’ system has very high Ga (water flux is directly responding to air VPD through stomatal control).  An ‘uncoupled’ system has very low Ga (water flux is responding to available energy and stomatal regulation is less important—the plants create their own local environment). See McNaughton and Jarvis (1983).

The Bowen ratio = H/E and is a simple descriptor of the importance of transpiration in an ecosystem.  High Bowen ratio = low ET and a much deeper and more turbulent boundary layer.

GT = Ga + Gc and can be estimated through sapflow.

Penman-Monteith Equation for Estimating Transpiration – used in many simple models of ET or just T.  Needs estimates of canopy and aerodynamic conductances.

ET = [sA + cpDi/ra] / [s + (1 + rc /ra)]

ET:  Energy content of transpired water

s:      slope of the relationship between saturation humidity and temperature

A:     Available energy = Rn - G

:     density of air

cp:    specific heat of air at constant pressure

D:    potential saturation deficit

ra, rc: aerodynamic resistance to transport, and canopy resistance

:     psychometric constant

