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Photosynthesis and 
transpiration responses 

to stress 



What are the most common abiotic environmental stressors? 
water 
  - excess water (flooding; anoxia - root death) 
  - lack of water (drought - tissue desiccation) 
sunlight 
  - excess sunlight (photoinhibition - leaf death) 
  - too little light (leaf abscision)  
edaphic (minerals) 
  - excess abundance of particular elements in soil  
     (Na+, Cl-, K+, SO4

--; salinity - drought - tissue desiccation) 
  - excess abundance of particular elements in soil 
     (Al+3, Cu++, Mg++, toxicity, root death) 
air pollutants 
  - excess O3, NOx, acid rain 
temperature 
  - temperatures too high or too low 
 
Two fundamental adaptive plant responses to stress conditions 
  - avoidance (includes dormancy) 
  - tolerance 



Part 1 
Stomata as a fundamental means of regulating water loss 
 



Diurnal control of stomatal aperture (stomatal opening): 

a fundamental mechanism of higher plants to control water loss 
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However, some plants, such as lichens and mosses, have no mechanisms to retard 
water loss.  Water status and photosynthesis are more dynamics than in higher plants. 



Lichen – above a 20% water content threshold, lichen achieve positive photosynthesis 



Part 2 
Osmotic adjustment as a fundamental basis for drought tolerance 
 



In higher plants, photosynthesis exhibits an acclimation response, 
responding to changes in both PPFD and water stress changes. 



Osmotic adjustment, an acclimation response in response to 
water stress occur at the same time as photosynthetic adjustments 



Part 3 
Absence of water as a fundamental constraint on productivity 
 



Water availability as a constraint in primary productivity 

•  water availability and productivity are correlated 
   because of CO2 and H2O diffusion through stomates 
 
•  there are subtle shifts in gas exchange metabolism 
   correlated with changes in water availability (as 
   was shown earlier in this lecture) 
 
•  in the Intermountain West, plant distribution is often 
   correlated with changes in water availability (as shown 
   earlier in the course with plant distributions and elevation) 





Part 4 
Stomates are an increasing constraint on productivity 
as regional climates get drier 
 



Carbon isotope ratio 
as a long-term measure 
of a metabolic set point 

E = transpiration 
g = leaf conductance 
ν = evaporative gradient 



The  strong and positive relationship between 
precipitation and primary productivity incorporates 

•  a positive relationship between canopy LAI and precipitation 
 
•  a positive relationship between stomatal conductance  
   and precipitation  
 
•  only sites with no recent history of disturbances 
    (e.g., no recent fires) 



Along precipitation gradients, there are differences in both 
water availability and water loss which influence gas exchange  

changes in stomatal conductance 
influence CO2 uptake relative to 
H2O loss … creating a tradeoff ci 

ca 

ci  intercellular CO2 
ca  ambient CO2 



Under midday conditions, the rate of photosynthesis is a function 
of available CO2 and is indirectly influenced by water stress 

transpiration rate leaf conductance 
g 

water stress 



Water availability influences the rate of photosynthesis, which in turn 
influences canopy size, growth, and productivity 



Carbon isotope ratio, ‰ 
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δ13Cleaf  =  δ13Cair  -  a  - (b – a)(ci/ca)!
!
a = 4.4‰, diffusion fractionation!
b = 27‰,  Rubicso fractionation!



Stewart et al. (1995) 

We observe a decrease in C3 discrimination along precipitation gradients 



Part 5 
Adaptation to drought is a coordinated process 



Stomata do impose a limitation on photosynthesis in C3 plants 

supply 
function 

demand 
function 

ca ci 

ls = stomatal 
      limitation 
 
ls = (Aca-Aci)/Aca 

•  magnitude of diffusion 
gradient across stomata 
varies from 50-200 ppm CO2 
depending on species and 
environment 
 
•   stomatal limitation to 
photosynthesis (ls) is 10-30 % 



Photosynthetic capacity and rate are diminished under water stress 

ca 
ci 

no water stress 

water stress 

Under water stress, 
leaf conductance 
    photosynthesis  
         ci   



Part 5 
What does a plant do with all of the extra sunlight with it is 
drought stressed and does not open its stomates? 



Alternative is photoinhibition – a photochemical response to excessive sunlight 
•  production of photo-oxidants associated with ATP and NADPH 
•  degradation of photosystems results in bleaching of chlorophyll 

Tolerance - xanthophyll cycle 

Plant responses to excessive sunlight 





Plant responses to excessive sunlight 

Avoidance - paraheliotropism  
(solar tracking to avoid sunlight) 



Plant responses to excessive sunlight 

Avoidance – steep leaf angles or high leaf reflectance 

Encelia canescens 
(South America) Eleaganthus sp. 

(Eurasia, invasive to Utah) 



Similarly, Encelia farinosa adjusts to drought  
by also modifying leaf energy balance 



Encelia appears unable to biochemically adjust to changing thermal regimes, but 
instead alters leaf energy balance to maintain low leaf temperatures in summer 



Part 6 
The Arizona monsoon boundary creates a summer moisture 
gradient in moisture availability 



summer moisture from 
the eastern Pacific 

winter moisture from 
the northeastern Pacific 

monsoonal 
boundary 

Precipitation in the Intermountain West is derived from two Pacific sources 

Gulf of Mexico 
feeds the Midwest 



Utah

Arizona

Winter storms are derived from the Gulf of Alaska 



Arizona

Utah

Summer storms (monsoons) are derived from the eastern Pacific 



monsoon 
boundary 

The distribution of Juniperus 
osteosperma is not influenced 
by the presence or absence of  
summer rains - not so for 
Juniperus monosperma 

North of the monsoon boundary there is limited summer rainfall in our deserts 

The distributions of Pinus 
monophylla and P. edulis 
are both influenced by 
the presence or absence of  
summer rains 

monsoon 
boundary 


