
Executive summary 
a) Continuing projects 

 
FIA-FSP Y071080 – Interactions between light and nitrogen availability on juvenile tree 
growth in partial cut forests. 
 
Objectives:  

1. Quantify differences in growth (height and radial increment) and physiology of 
juvenile trees as a function of foliar nitrogen across a full range in light 
availability and site. 

2. Test for differences in foliar N and light interactions across species of varying 
shade tolerance; western redcedar (shade tolerant), western hemlock (shade 
tolerant), hybrid spruce (moderately shade tolerant) and paper birch (shade 
intolerant). 

3. Determine phenotypic plasticity in foliar N partitioning (chlorophyll and rubisco) 
and water use efficiency (natural δC13 isotope abundance) across light levels and 
between tree species to explain mechanisms for growth responses. 

4. Determine a ‘stagnation curve’ for each species, describing the combination of 
foliar N and light availability where height growth ceases. 

5. Determine whether growth relationships with foliar N and light availability are 
constant or change predictably with tree size. 

 
This project will enhance our understanding of complex stands, especially how the 
relationship between growth and light is affected by N availability.  This research will 
offer guidance on management issues such as the choice of silvicultural systems for 
different site series, and choice of appropriate tree species for reforestation in partial cut 
stands.  This research will strengthen the assumptions used in growth models of mixed 
stands and improve the predictions of stand composition and productivity over time.  
Improved model predictions of forest growth following partial cutting will avoid future 
errors in yield estimates and allowable annual cut predictions.   
 
Start and length of project: 

Project began in the summer of 2004 using funds provided by the BC Ministry of 
Forests.  Pretreatment soil, foliar and tree attributes were evaluated and nitrogen 
treatments subsequently applied.  In 2005 the project was granted a 3-year funding 
commitment from FIA-FSP (Y061080), which continued into 2006 (Y072080) and now 
2007 (Y083080). 
 
Methodology overview: 

The experiments take place in the 60% heavy removal treatment established in 
1992 at Date Creek.  This treatment contains small patch cuts (1000-5000 m² in size) and 
single-tree to small group-selection cutting in the forest matrix between the patch cuts.  
The heavy removal treatment unit was replicated four times in a randomized block 
design.  Western redcedar, hybrid spruce, western hemlock, subalpine fir and lodgepole 
pine were planted throughout the treatment units in 1993. 



Juvenile trees for the main experiment were located under a full gradient of light 
availability, quantified using hemispherical canopy photos.  The trees are a combination 
of planted and naturally-regenerated stock, typically 10-12 years old, of western redcedar, 
western hemlock, hybrid spruce and paper birch.  Five levels of N manipulation were 
applied randomly to the light gradients in each block.  Reduced N uptake by the trees will 
be managed through an application of sawdust to immobilize soil N through 
decomposition.  Enhanced N uptake will be undertaken through the application of urea 
fertilizer (46:0:0) at two rates of 100 kg N per ha and 200 kg N per ha.   

Measures of soil N availability are a matter of some debate, and in 2006 I 
established an effective methodology using dissolved organic N and inorganic N.  This 
method will be used to estimate N availability for each sample tree in the Date Creek 
main experiment this spring.  intend to investigate soil N measures in more detail, and 
demonstrate more clearly the relationship between soil resources and foliar N 
concentration and leaf size.  I will examine soil N availability across the natural 
productivity gradients in forest ecosystems: the 02 Pl-Cladonia; the 01 Sxw-Huckleberry; 
the 06 Sxw-Oak fern; and the 09 Sxw-Devil’s club.  Nitrogen availability will be 
assessed in a number of ways, including aerobic lab incubations, in situ buried bags, 
anion/cation probes, dissolved organic N, amino acids and microbial N.  Soil N indicators 
will be tested and validated against foliar N concentrations and site index of mature trees, 
as well as attributes of understory tree foliage. 
 
Project scope and regional applicability: 
 The results from the studies will have high applicability in forests where more 
complex silviculture systems are being considered, and where natural disturbances, such 
as the mountain pine beetle, are creating complex stands.  The scope of the study will 
improve growth models reliant solely on light parameters, and should be applicable to 
any forest ecosystem in British Columbia where accurate BEC information is available 
on soil and plant nutrition.   
 
Interim conclusions: 
Two draft manuscripts have been completed and will be submitted for peer review.   
 
Issues in the interpretation of foliar nitrogen concentrations of saplings across light 
gradients 
 Foliar N concentrations (%N) could be the most direct, individual measure of soil 
fertility influences on sapling growth in uneven-aged forests.  The processes affecting 
foliar %N are complex, however, especially across light gradients, and at least three 
influences need clarification: 1) the relationship between soil N measures and foliar %N; 
2) the effect of light availability on foliar %N through changes in leaf size and N 
allocation; and 3) the change in soil N availability caused by light gradients via canopy 
removal.  Our approach in resolving these issues was to first compare soil-foliar 
relationships for four tree species across gradients of light availability in 12 year-old 
partially-cut forests.  We detected a reduction in mineral soil net N mineralization with 
increasing light, but no differences in gross N mineralization rates.  Foliar %N of western 
hemlock and hybrid spruce saplings did not change with light availability, suggesting no 
net effect of canopy removal on tree nutrition.  The natural abundance of leaf δ13C for 



these species approached an asymptote at approximately 40% full light, and provided 
further evidence for consistent tree nutrition across canopy openings.  Foliar %N of 
western redcedar and paper birch, in contrast, were positively correlated with light 
availability.  Paper birch had a linear correlation between light and leaf δ13C abundance 
that might reflect reduced N uptake and losses in photosynthetic capacity for this shade 
intolerant species.  Foliar mass was reduced under shade for each tree species, which is a 
response to light that cannot be easily separated from possible influences of nutrition on 
leaf size.  More clearly defined relationships between soil N availability and plant 
nutrition, and each species response of these relationships to light, would help explain the 
variation in foliar %N in complex stands and the effects on photosynthetic capacity. 
 
An investigation into factors causing a suppression in height growth of understory 
conifers 

Growth of the understory saplings at Date Creek has greatly declined in the last 5 
years, and complete suppression in height growth may well occur in the near future.  We 
were unable to find evidence for a physiological mechanism that would explain the 
reduction in growth rates over time for shaded saplings.  Our hypotheses that understory 
trees had more acute moisture stress or greatly reduced N status than trees in gaps were 
not supported, nor were we able to demonstrate reductions in δ13C abundance over time 
that could reflect diminishing photosynthetic rates in the previous 5 years.  The logical 
determinant of growth rate reductions in the shade would therefore be the accumulating C 
demands of nonphotosynthetic biomass, the extent trees allocate resources to foliage, 
stems or roots, or ontogenetic changes in crown morphology and leaf area with tree size.  
For hybrid spruce, a strategy to ‘sit and wait’ at this point in stand development, as more 
shade-tolerant species do, could be less successful given an increasing risk of mortality as 
radial growth declines.  Perhaps then hybrid spruce will be eliminated to a large degree 
from this understory cohort over the coming years of stand development, leaving only the 
more shade tolerant species as a suppressed understory.  The results from this study 
demonstrate, even under relatively stable environmental conditions, how forest managers 
will need to consider the rapid changes in growth patterns and ongoing species 
interactions that can occur in the early decades of development in complex stands. 
 
Contact information: 
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