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The Phenomena 



Only half of the CO2 we emit 
ends up in the atmosphere.   
Much of the rest goes into 

forests. 
 

Will it continue or saturate? 

Forest age may alter 
tree water use and 

runoff. 
Also, to understand old 

growth trees and 
forests. 
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Importance of  problem 



Studies all show a decline in wood production 
after peak stand leaf area 

Ryan, Binkley, Fownes 1997 

The decline 
in wood 

production 
appears to be 

universal 
 

What is the 
cause? 

 
Can it be 
changed? 



Stand versus Tree mechanisms for 
Growth Decline 

 
Do older stands function differently? 

 
Are large trees physiologically different? 

  



Stand versus Tree mechanisms for 
Growth Decline 

 
Both important, but give different insights.   

Stand is where C storage is best measured 
= rate/ground area. Also easier to test 
(most) tree mechanisms (even-aged) 
Tree – difficult to extrapolate to ground area 
(big trees always grow more than small 
ones), but can test some mechanisms 
(Hydraulic Limitation Hypothesis)  



Ideas about decline in stand wood growth 

Kira and Shidei 1967 

Increased respiration uses 
carbohydrates instead of 
wood production  
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Ideas about decline in stand wood growth 



Decline in Leaf Area 

Age/Age at Peak Leaf Area 
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Ideas about decline in stand wood growth 



•  Getting water to tree top reduces photosynthesis 
(Hydraulic Limitation) - Ryan and Yoder 1997 

•  êturgor = êgrowth - Woodruff et al. 2004 
•  No carbon limitation (can’t grow) - Ryan et al. 

2006 

 

Ideas about tree physiology 
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Chronosequence shows 
êstand LAI and êgrowth 

per LAI 

Pinus contorta, Wyoming, Kashian et 
al. 2013 
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Age sequence data shows êgrowth with 
no êstand LAI 

Eucalyptus saligna, Hawaii, Ryan et al. 2004 
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Age sequence: stand had lower GPP and more 
belowground flux and foliage respiration 

Eucalyptus saligna, Hawaii, Ryan et al. 2004 



Larger trees behaved the same as the stand 
in age sequence 

Eucalyptus saligna, Hawaii, Ryan et al. 2006 



GPP 

Growth 

Respiration 

Roots 

Decreased GPP was the largest signal 

Overall, photosynthesis declined with tree 
size: lower GPP and lower growth/LAI 

But, we do not know why 

Eucalyptus saligna, Hawaii, Ryan et al. 2004 



GPP decline – what we know about why 

Partially from lower LAI, but not all (not for 
age sequence) 
Not hydraulic limitation 
Turgor ê as tree height é 
Carbohydrates  é as tree height é 
Shoots from tall trees grow like small trees 
when grafted to small tree roots.   



GPP decline – Does it show that we need a 
different model for growth? 

‘Push’	Model:	Photosynthesis	controls	Growth	

Leaves	 Roots	Wood	

CO2	 Storage	

CO2	



What	is	wrong	with	‘push’?	
	

No	feedback	from	‘sinks’	



	“Push-Pull”:	Feedback	from	growth	
may	reduce	photosynthesis,	but	
growth	condiLons	control	growth	

Leaves	 Roots	Wood	

CO2	 Storage	

CO2	



éCO2	and	temperature	at	Flakaliden,			
	

é	photosynthesis,	not	growth	
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Lower LAI 
LAI loss - 
abrasion from 
crowns moving 

Death of big, old trees 
not quickly replaced – 
reduces growth surface 



Death of big, old trees not quickly replaced will 
impact growth – should be a focus 

MAI > 8.4 m3 ha-1 yr-1 

Wood NPP 
Mortality 
Change in Live Wood 
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Pacific Northwest, Gray et al. 2016      



Implications for 
Forest Carbon  

 
Long time to 

recover C losses 
from harvest of old-

growth forest 

Ryan et al. 2011 



•  It is both a tree and stand level pattern   
•  Stand – Decline in LAI and GPP, need to 

look more at mortality replacement 
•  Tree – Lower growth per LAI with tree size 

yet to be explained, need to look at limits to 
growth not to photosynthesis    

Summary  


