
Annual Operational Report 
 
Project Title: Optimum nutrition of western hemlock and Douglas-fir 
 
Agreement Number: R2003-0247 
 
Project Abstract: The objective of this project is to quantify optimum nutrient balance 
and maximum growth potential of western hemlock and Douglas-fir.  This information 
can be used to develop optimum nutrient solutions for use in forest nurseries, and target 
foliar nutrient standards for seedlings or mature trees.  Optimally conditioned trees will 
achieve maximum productivity and increase available timber quantity over time.  While 
forest nursery stock currently is of high quality, use of optimally conditioned stock could 
lead to more rapid establishment and early growth, but also reduce fertilizer use in 
nurseries and the field.  The facilities and equipment used in this work are unique in 
Canada. 
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Summary of Activities, Results and Outputs 
 
Activities 
Seedling tissue samples from 10 optimum nutrition trials with western hemlock and 23 
optimum nutrition trials with Douglas-fir were processed and analyzed for macro- and 
micronutrients in the Pacific Forest Centre Chemical Services Laboratory.  A total of 423 
samples were analyzed. 
 
Biomass and nutrient concentration data for 17 of the optimum nutrition trials in which 
stable pH and conductivity were achieved (5 western hemlock + 12 Douglas-fir trials) 
were subject to analysis of fresh and dry mass over time, relative growth rate, shoot:root 
allocation and whole-plant nitrogen allocation addressing changes in pH and 
conductivity.   
 
A literature review was prepared covering Douglas-fir and western hemlock seedling 
nutrition in controlled environments.  This review summarizes literature on: optimal 
tissue nutrient concentrations; effects of nutrition on growth rate, biomass allocation, 
water relations, frost hardiness and foliar chemistry; preferred sources of nitrogen; and 
sensitivity to pH and nutrient solution conductivity/salinity. 
 
A description of methods used in the Biotronic experiments was prepared.  This includes 
a review of the principles and techniques for achieving steady-state nutrition, and 
methods of analysis of biotronic experiment data. 
 
 
 
 



Results 
Results from the analyses showed that steady-state nutrition was achieved in five of the 
biotronic optimum nutrition trials with western hemlock and six of the trials with 
Douglas-fir.  Maximum relative growth rate for western hemlock was 0.068 gg-1d-1.  
Maximum relative growth rate for a Douglas-fir low elevation seed source was 0.081 gg-

1d-1 and for a high elevation seed source was 0.078 gg-1d-1. 
 
Unfortunately the PFC Chemical Services Laboratory had an equipment failure in 
February and we have only just received the analysis of nutrients other than Douglas-fir 
nitrogen.  For this reason we are still calculating the optimum nutrient ratios for use in 
fertilizer prescriptions.  Whole-plant nitrogen concentration for Douglas-fir seedlings 
with maximum relative growth rates was 2.2% for high elevation and 2.0% for low 
elevation seed sources.  
 
Comprehensive literature reviews of Douglas-fir and western hemlock seedling nutrition, 
and the principles and techniques for achieving steady-state nutrition have been prepared. 
 
Outputs 
When all nutrient analysis data has been analyzed, results from these studies will be 
published in the Canadian Journal of Forest Research.  The literature reviews will be used 
in the preparation of the introduction, methods and discussion portions of this work. 
 
Portions of the literature reviews and the optimum nutrient balance data may also be 
submitted to the BC Journal of Ecosystem Management in an overview of the concepts of 
steady state nutrition and nutrient loading. 
 
Evaluation of Project Outcomes 
 
The milestones detailed in the project proposal were achieved as follows: 
Optimum nutrition trials with western hemlock, and high and low elevation seed sources 
of Douglas-fir were compiled.  Seedling samples were processed and analyzed for 
nutrient and growth data. 
 
The deliverables detailed in the project proposal will be achieved as follows: 
Definition of maximum growth potential for western hemlock and Douglas-fir seedlings 
has been accomplished. 
Definition of optimum nutrient balance for western hemlock and Douglas-fir will be 
accomplished by June 30, 2003 once nutrient data has been analyzed. 
 
Although the deliverables were not achieved by March 31, 2003 due to equipment 
failure, all deliverables will be achieved within a reasonable time frame.   Thus the 
project accomplished the goals stated in the initial proposal.  Because additional 
nutritional trials were not needed in this phase of the project, the goals were 
accomplished at a significantly reduced cost relative to the proposed budget. 
 
 



Application of the Results 
 
Optimum nutrient balance results can be applied to fertilizer formulations for forest 
nurseries.  Seedlings grown with free access to nutrients should reflect the optimum 
balance of nutrients in their foliage.  These nutrient ratios can be used to design fertilizer 
formulations specific to those species.  The nutrient ratios can also be used to refine 
target foliar nutrient concentrations for use in nursery and field settings. 
 
Before results can be implemented, nutrient concentration data for elements other than 
nitrogen must be analyzed.  Results must be written up along with a review in plain 
language of the concepts of steady state nutrition and optimum nutrient balance.  This 
information will be prepared and distributed in consultation with partners in the forest 
nursery industry to reach as wide an audience as possible. 
 
Knowledge gaps and future research needs 
 
Variation among conifer species in optimum nutrient ratios and optimum nitrogen source 
has been demonstrated.  Producing optimally conditioned stock could well result in 
improved growth and survival after outplanting.  There has been little species-specific 
work to define optimum nutrient ratios for growing BC conifers, and this information 
provided by our study will be valuable for forest nursery managers. 
 
Currently, target foliar nitrogen concentrations for western hemlock are very broad (1.5-
3.5%).  This is directly related to the uncertainty regarding western hemlock’s response 
to nutrients.  There is also little information on differences in nutritional characteristics of 
high and low elevation seed sources of Douglas-fir.  These knowledge gaps were 
addressed by our study. 
 
As outlined in the 2002/03 proposal, the definition of optimum nutrient ratios is only the 
first step towards the long term goal of defining optimum nutrition in Douglas-fir and 
western hemlock.  The optimum nutrient ratios in the first year were defined with a 40/60 
ammonium/nitrate ratio in the nutrient solution.  It is not known whether this ratio is 
optimal for western hemlock and Douglas-fir.   A recent proposal submitted to the 
FIIRFP FR2003/04 competition outlines the next stage of the research program.  The 
objectives of the second phase are to determine the optimum nitrogen source balance for 
Douglas-fir and western hemlock.  A field study to test the field performance of Douglas-
fir seedlings grown operationally under exponential steady state nutrition is also included 
in that proposal. 
 
 


