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Context for Research: 



Current Problems with Establishment:

• Despite investment in site prep, 
genetics, and seedlings,  
• SEEDLINGS ARE DYING
• Problems related to roots? 

• Anecdotally, 
• ~20% mortality in 1st year for 

multiple PNW landowners
• Douglas-fir a prime culprit

• Coastal and interior 

• With climate change, water 
availability will be further limited 

(Klos et al. 2015)



Seedling Roots and Water Supply:

• “Relation between the capacity of the root system to absorb 
moisture and the capacity of the crown or top to transpire 
moisture” (Wahlenberg 1928)

• Root to Shoot ratio (R:S) is proxy for root function, especially 
water supply



Seedling Roots and Water Supply:

• “Relation between the capacity of the root system to absorb 
moisture and the capacity of the crown or top to transpire 
moisture” (Wahlenberg 1928)

• Root to Shoot ratio (R:S) is proxy for root function, especially 
water supply

• (Shoot:root ratio is simply the inverse of the R:S ratio, ex. = 1.9)

7.5 g

14.4 g

=  0. 53



What is a good root-to-shoot ratio?



Does root-to-shoot ratio change after planting?



Shortcomings of R:S ratios 
(and other root parameters):

• Don’t capture 
• amount, 
• size, 
• type, or 
• distribution of roots within root system 

• Only a proxy for root function
• Absorption capacity
• Root-to-soil contact

• No magic number for the R:S ratio: may not be 
predictive of seedling performance in the field



What does the root:shoot ratio mean 
in terms of plant physiology?

• Measure the root system’s 
capacity to move water:
• Root hydraulic conductance

• Measure transpiration on a 
leaf, whole-plant, or canopy 
scale

• Can we redefine the R:S ratio 
in physiological terms? 



Measuring root hydraulic conductance:

Resulting measurement: Water movement in kg s-1 MPa-1



Measuring shoot physiology: 

Resulting Measurement: Photosynthetic output (!mol CO2 m-2 s-1)

Li-6400, LiCor Instruments



Research questions

• How soon after planting can seedlings move water 
through the roots and photosynthesize? 
• How does new root growth contribute to the 

seedling’s water supply? 
• Does root function change when seedlings face 

drought stress? 
• Can measuring root hydraulic conductance help us 

better understand the composition of nursery-
grown root systems? 



Methods:
• Interior Doug-fir seedlings

• 20 cu. in. (336 ml) plug
• Transplanted into 7-gal pots in 

50:50 peat:vermiculite media 
• Control and drought treatments 

• Control seedlings watered weekly
• Drought seedlings not watered for 3 

months; dried to ψ"# < −1 MPa



How soon after planting can seedlings move 
water through the roots and photosynthesize? 

Planted



How does new root growth contribute to the seedling’s water supply? 

New Root Growth

Jun. 30



How does new root growth contribute to the seedling’s water supply? 

Root Hydraulic Conductance
Planted



How does new root growth contribute to the seedling’s water supply? 

Root Hydraulic Conductance



How does new root growth contribute to the 
seedling’s water supply? And drought stress? 



Can measuring root hydraulic conductance 
help us better understand the composition of 
nursery-grown root systems? 

Fine Roots (0.5 – 2 mm)Very Fine Roots (<0.5 mm)



Can measuring root hydraulic conductance 
help us better understand the composition of 
nursery-grown root systems? 

Fine Roots Removed; 
Very Fine Roots Retained

Very Fine Roots Removed; 
Fine Roots Retained



Can measuring root hydraulic conductance 
help us better understand the composition of 
nursery-grown root systems? 

Full Root Plugs
Very Fine Roots Only
Fine Roots Only



Conclusions of my research:

• Douglas-fir root plugs can move water at the time 
of planting, before root growth begins
• The number of new root tips levels off, but new 

root growth continues to increase through the 
season
• Root hydraulic conductance increases in balance 

with seedling size
• Seedling root systems can be defined in terms of 

their hydraulic function, in ways that can refine 
morphological targets



Upcoming Work:

• Dr. Carlos Benecke-Gonzalez, 
and graduate students, Oregon 
State University
• Addressing seedling 

establishment with approaches 
that consider hydraulic physiology

• Dr. Jeremy Pinto, US Forest 
Service Rocky Mountain 
Research Station and Dr. Owen 
Burney, New Mexico State U.
• Hydraulic impacts of nursery 

production-changes in seedling 
anatomy and physiology? 



Where is this headed? 

• We aim to improve 
seedling establishment 
by understanding and 
planning for the 
physiological function 
and limitations of 
Douglas-fir seedlings



Questions?
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