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Optimum nutrition and nutrient loading in Douglas-fir 
 
Purpose:  (i) To produce guidelines for optimal nitrogen source ratios in nursery 

fertilization of interior Douglas-fir 
 (ii) To compare the effects of exponential nutrient loading, conventional 
nursery fertilization and fertilization at the time of planting on the growth, 
and biomass and nutrient allocation of interior Douglas-fir seedlings for 
two growing seasons after planting. 

 
Management Implications: This project has implications for conifer nursery managers 
and for reforestation foresters in their choice of nutritional regimes for Douglas-fir in the 
nursery. 
 
Project Dates:  May 2004 to March 2006 – 2 years 
 
Related projects:  FSP Y051240,  FII Project R2203-0247 
 
Overview:  Regeneration of Douglas-fir following harvesting has proven difficult on 
many sites in British Columbia.  As a result, alternative nursery practices are being 
explored to improve seedling growth.  Through the completion of two experiments we 
identified an improved nutritional program for Douglas-fir seedlings.   
 
The objective of the first experiment was to identify the optimum nitrogen (N) source 
ratio for Douglas-fir between two inorganic sources of N, ammonium (NH4

+) and nitrate 
(NO3

-).  Seedlings were grown in controlled environments in aeroponic culture with 
solutions containing 0:100, 20:80, 40:60, 60:40, 80:20 or 100:0 NH4

+:NO3
- ratios.  

Growth and nutrient allocation were observed for 45 days.   
 
Varying NH4

+ and NO3
- ratios resulted in significant effects on growth and nutrient 

allocation.  Seedlings grown in solutions containing abundant and relatively equal 
portions of NH4

+ and NO3
- were characterized by the greatest relative growth rates, 

greatest biomass and stable internal nitrogen concentrations.  Seedlings grown in 
solutions containing high NH4

+ (80:20 and 100:0 NH4
+:NO3

-) concentrations were 
characterized by lower relative growth rates, less biomass, lower internal nutrient 
concentrations and lower rates of photosynthesis and root respiration compared to 
seedlings with less NH4

+ (20:80, 40:60 and 60:40 NH4
+:NO3

-).   
 
The objective of the second experiment was to examine the implications of two nursery 
fertilization regimes for growth and nutrient dynamics.  Seedlings were grown in a 
nursery with nutrients added at a constant rate (conventional fertilization) or at an 
exponentially increasing rate of 2% day -1 (exponential nutrient loading).  At the time of 
planting, half of the conventionally fertilized seedlings were planted with slow release 
fertilizer packets.  Growth and nutrient allocation were observed for two years following 
planting.   



 
In the field experiment, although exponential nutrient loading applied 25% more N in the 
nursery compared to the conventional regime, no benefits in growth or nutrient allocation 
were found.  There were no significant differences in height, root collar diameter or total 
dry mass between the nursery fertilizer regimes two years after planting.  Seedlings 
planted with additional fertilizer consistently outperformed seedlings grown with 
exponential nutrient loading, with greater height, root collar diameter and dry mass.  Two 
growing seasons after planting there were no significant differences among treatments in 
whole-plant N concentrations.    
 
Project scope and regional applicability:  The scope of the project applies to 
regeneration of interior Douglas-fir and choice of nutritional regimes in the nursery and 
at establishment.  Results are applicable in the IDF or any area where interior Douglas-fir 
is planted.  Results would also be of interest to those growing coastal Douglas-fir. 
 
Results in detail:  Those interested may read the full details of the study in the 
publications below: 
 
Everett, K. 2006. Growth and Nutrient Allocation of Douglas-fir Seedlings:  Response to 
Varying Ammonium: Nitrate Ratios and to Different Methods of Nursery Fertilizer 
Application. MSc thesis. University of Victoria 
 
Everett, K., Hawkins, B.J. and Kiiskilia, S. 2006. Douglas-fir seedlings grown with 
exponential loading or conventional fertilization and planted with or without fertilizer.  
Will be submitted to Can. J. For. Res. in April, 2006. 
  
Everett, K., Hawkins, B.J. and Mitchell, A.K. 2006. Growth and nutrient dynamics of 
Douglas-fir seedlings raised with varying ratios of ammonium and nitrate.  Will be 
submitted to Tree Physiol. in August 2006. 
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