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Project purpose and management implications 

To evaluate and plan complex stand management, forest managers require additional 

knowledge of understory tree growth and quantitative relationships that can be used to predict 

understory tree growth. In this project, we examined the nature of multiple resource 

limitations on sub-boreal tree species.  Specifically, we investigate how light availability, 

nutrient availability, soil water availability, and canopy structure influence understory tree 

growth and physiological traits of sub-boreal tree species. The main outcome of this project is 

a suite of regression models that predict juvenile tree growth as a function of site 

characteristics (nutrient and water availability), light availability, tree size, and competition.      

 

Project scope and regional applicability 

This project examined growth and foliar attributes of three conifer species of the Sub-Boreal 

Spruce biogeoclimatic zone: lodgepole pine, interior spruce, and subalpine fir. The results 

from this study will be applicable to this region of British Columbia. 

Methods 

Study sites were located near Smithers (54°35′N, 126°55′W), northwestern British Columbia, 

in the Sub-Boreal Spruce Moist Cold subzone Babine Variant. We sampled saplings of 

different sizes from across a wide range of light and soil resource availability. We obtained a 

evenly distributed sample from 100 categories consisting of five height classes: 20-80 cm, 80-

160 cm, 160-240, 240-320 cm, and 320-500 cm combined with five estimated light classes: 0-

20%, 20-40%, 40-60%, 60-80%, and 80-100%, and four site types or vegetation associations: 

02- Cladonia, 01-Huckleberry, 06-Oakfern, and 09-Devil’s club. During late summer and fall 

2007, we sampled 468 subalpine fir, 372 interior spruce, 265 lodgepole pine trees and 

measured total height and the height and radial increment for the last 3 growing seasons. A 

hemispherical photograph was taken at 1.3 m above the stump of each sapling with a digital 

camera and fisheye lens. Hemispherical canopy photos were analyzed to obtain the Gap Light 

Index. Soil moisture and nutrient availability indexes were each assessed on a scale from 0 to 

1 (0 = xeric or very poor and 1 = hygric or very rich) from soil pits near each sapling. 

Assessments were based on field identifiable soil characteristics (slope position, soil texture, 

coarse fragment content, depth to bedrock, water table fluctuations and depth, pH, presence 
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and depth of eluviation in the A horizon, and humus form) according to B.C.’s Biogeoclimatic 

Classification System. As a direct measure of soil resource availability, foliar N concentration 

was measured from needles collected from 2007 growth from each sapling.  

 

We carried out three stages of analysis: First, we developed a set of alternative mathematical 

models based on the theory of multiple resource limitation that predict tree growth as a 

function of resource limitation. Secondly, we investigated if there are competitive or 

facilitative effects of neighboring trees (represented by a competition index) on the growth of 

lodgepole pine, interior spruce, and subalpine fir beyond those accounted for by light 

competition and soil nutrient availability. Third, we examine how leaf level traits of the three 

species changed with light availability, soil resources and tree height.    

 

 

Results and Discussion 

 

The best developed regression model of tree growth included light availability, soil nutrients, 

and tree size as predictor variables. The regression model illustrates support for differential 

soil resource limitation between species and for species-specific differences in growth 

changes during ontogeny. As light availability increased, all species’ growth rates increased 

and their different height growth responses to size and soil nutrient availability became 

apparent. Pine height growth was less limited by low soil nutrient availability than spruce 

height growth, but spruce height growth rates increased more than pine’s at high soil nutrient 

availability. For radial growth, the species followed similar patterns of increasing growth rates 

with increasing size, but subalpine fir had a slower radial growth rates for all tree sizes. In 

general, the model predicted the fastest radial and height growth rates for pine, followed by 

spruce and then fir, over most of the size range, except for the tallest saplings on very rich 

soils, where pine no longer outgrew spruce and only slightly outgrew fir. 

 

Our investigation of competitive or facilitative effects of neighboring trees on growth rates 

illustrated that shading by overstory trees had a strong effect on juvenile tree growth while 

underground competition, represented by the competition index, did not have a strong 

additional effect on juvenile tree growth. One reason for this effect can be the large degree of 

correlation between shading and crowding that will exist for understory trees but does not 

exist in studies of overstory trees. Given the results of this analysis, it appears that the 

inclusion of neighborhood crowding does not improve models of juvenile tree growth in a 

consistent significant manner while the inclusion does make the models more complex. In 

order to maintain simulation models, such as SORTIE-ND, parsimonious, it is not 

recommended to include a neighborhood competition index for understory trees growth 

predictions for British Columbia. 

 

Our investigation of leaf level traits illustrated changes with light availability, soil resources 

and tree height. Leaf weights of lodgepole pine increased linearly with light while interior 

spruce and subalpine fir had asymptotic responses to light availability. Together, light 

availability and tree height explained a notable proportion of the variation in leaf weight 

among individual trees of each species (R
2

pine = 0.73, R
2

spruce = 0.66, R
2

fir = 0.56). Leaf areas 

were also affected by light availability and tree height but subalpine fir leaf area changed very 

little across the light availability gradient, and most of the variation in fir leaf area was due to 

variation in tree height. Leaf N concentration was not affected by light availability for any of 

the three conifers. Soil nutrient availability did affect leaf N concentration for all three 



species, explaining 12% of the variation in leaf N concentration for lodgepole pine, 36% for 

interior spruce, and 32% for subalpine fir. Across the soil nutrient gradient, lodgepole pine 

had the smallest range of leaf N concentration, and interior spruce had the greatest. 

 

   

 

 


