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Water use efficiency of plants could be the link between extreme climate events and 
agricultural policy models.   Plants can be classified into C3 and C4 plants on whether the 
final carboxylation step takes place in bundle sheaths (for C4 plants only).  Under well 
irrigated conditions and at sub-ambient CO2, C3 plants produce more biomass than C4 
plants -- growth response given by Δgrams/Δppm CO2. Under water stressed conditions 
and elevated CO2 (above present 360 ppm), C4 plants have relatively better water use 
efficiency (amount of CO2 fixed per unit of water use).    The weeds of the world are 
mostly C4 plants. Competition between C3s and C4s could have potential consequences 
for agriculture and ecosystems under extreme climate (Ex., drought and CO2 increase).   
 
The historical record has shown a steady increase in wheat (C3 plant) yield since 1860, 
almost in conjunction with increased CO2.  A challenge is whether one can perform 
growth simulations to subtract for influence of increased fertilizer, tillage technology 
improvement, and management practices to account for the high r2 value between 
wheat yield and CO2 increase since 1860 (r2 = 0.87).  While annual world wheat 
production rose 86% since the 1950s, the area of production increased by only 25%. 
Wheat/CO2 experiments for two spring wheat cultivars conducted by Mayeux et al., 
(1997) for CO2 concentrations from 200 µmol mol-1 to 350 µmol mol-1 resulted in yield 
enhancement factors (ratio of proportional yield increase to proportion of CO2 increase) 
of 1-1.4 for wheat grown at drought, and 1.7-1.8 for wheat grown under well irrigated 
conditions.  From 1955-1990 CO2 increased from 312 ppm to 352 ppm while U. 
S. national average wheat yield increased from 1350 to 2600 kg ha-1.  The sub-ambient 
CO2/wheat experiments for the 40 ppm increase in CO2 resulted in grain yield increase 
of 242 kg ha-1 and 602 kg ha-1 for well watered and drought conditions.  Averaging well 
watered and drought yield indicates that the yield increases due to CO2 influence is 
33%. 
 
Managed agricultural systems probably can accommodate climate extremes because of 
rapid adaptation.  Unmanaged ecosystems because of competitive pressures will change 
drastically.  Plant phenology based computer simulations model plant growth at the 
canopy level by changes to leaf area index (m2/m2), root growth, and leaf gas exchange 
through use of stomatal resistance.  Generally, phenological models seem to work well 
for large area (but homogeneous) simulations.  Biomass increase or decrease as 
function of time is computed from Radiation Use Efficiency (RUE) subject to 
environmental stress such as water stress, temperature stress, nutrient stress, and 
aeration stress.  Extreme events such as damage due to high winds or pest invasions 
are not commonly modeled.  Phenologic models are capable of modeling such extreme 
events by calibration to experimental observations.   
 
The challenges before us are how will agricultural systems respond to changes to mean 
climate, and changes to climate variance (resulting in extreme events).   What is the 
future relationship between unmanaged ecosystems and  agricultural systems ?   
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