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Abstract 
 
In the North Thompson valley at the Lemieux Creek drainage, the initial results of a 
fertilization trial on Pseudotsuga menziesii (Douglas-fir) and Pinus contorta var latifolia 
(lodgepole pine) have been compiled.  The study was established in the spring of 2003.  
Two hundred planted seedlings of each species in the trial were fertilized at the time of 
planting with teabag fertilizer; an additional two hundred seedlings of each species were 
identified as controls.  One hundred of each of the fertilized and control seedlings, by 
species, were planted on the site in site prepared ground; the same density was planted on 
ground that had no site preparation.  An additional two hundred Douglas-fir seedlings 
were fertilized at the nursery using a FAL product and equally divided between the site 
prepared and non-site-prepared ground.  The purpose of the trial is to determine if 
fertilization at the time of planting, or at the nursery, will both increase seedling height 
and caliper and promote the achievement of minimum free-growing heights at an earlier 
date.  Also being assessed is whether fertilization will result in the reduction or 
elimination of site preparation and, or brushing activities. 
 
The initial results of the trial indicate that both tree species present a moderate response 
to fertilization.  However, height and caliper growth increases are not considered 
statistically significant at this time.  Fertilized pine planted on non-site-prepared ground 
display a notable height growth increase of 8 percent, whereas fertilized Douglas-fir on 
the same ground display a height growth increase of only 1 percent when compared to 
their controls.  In site preparation, fertilized pine increased its height by 4 percent, and 
Douglas-fir increased its height by 1 to 2 percent.  Increases in caliper are more 
consistent between species where fertilized pine planted on plant “as is” ground display a 
notable caliper growth increase of 6 percent, and fertilized Douglas-fir on the same 
ground display a caliper growth increase of 7 percent with teabag fertilization and 4 
percent with FAL product fertilization.  In site preparation caliper measurements showed 
the largest gains with fertilized pine being 9 percent larger than its control, and Douglas-
fir being 4 percent larger with the FAL product fertilization technique.   
 
An additional component of the trial is to assess whether fertilization at the time of 
planting on plant “as is” ground is more beneficial that planting unfertilized stock on site 
prepared ground.  After one growing season, the heights and calipers of the seedlings, by 
species, planted “as is” and fertilized with either product, were slightly larger than those 
without fertilizer and planted on site prepared ground.   
 
The results of Foliar Analysis indicate that fertilized trees of both of the species have 
increased levels of macro and micronutrients, over the control, with the trees fertilized at 
the time of planting showing the greatest gains.  The stock that was fertilized at the 
nursery using the FAL product produced similar values to that of the control trees. 
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As this trial is still in the very early stages, the results are not yet conclusive.  Initial 
findings indicate that greater tree growth can be expected from fertilizer treatments over 
unfertilized trees.  Results from future growing seasons are expected to confirm that 
fertilization at crop establishment results in more robust crop trees that are better suited to 
compete with vegetation and have the potential to achieve free-growing at an earlier date 
than would otherwise be expected.  Also being monitored is how fertilization treatments 
on plant “as is” ground compares to no fertilization on site prepared ground. 
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Introduction 
 
The North Thompson Valley, in the vicinity of Little Fort, British Columbia, occupies the 
transition between the interior dry-belt and the interior wet-belt biogeoclimatic units.  A 
relatively long growing season and warm, dry to moist climatic conditions are common in 
this area (Lloyd et al., 1990).  This ecosystem is prone to brush competition, and 
moisture deficits can also be a problem, making reforestation efforts costly and 
challenging.  Trees must become established prior to brush encroachment if reforestation 
obligations are to be met within acceptable budgets and timelines. 
 
Initial visual observations of this trial suggest that fertilizer has enhanced tree height and 
caliper in the first season, providing the crop with a boost to better compete with 
vegetation.  To what extent stem height and caliper will be increased over time, and 
whether site-preparing ground is significant to this increase is unknown at this time as the 
trial is still in the very early stages.  However, observations suggest that site preparation 
aids in reducing initial competition, thereby increasing survival.   
 
To date the majority of drier-ecosystem fertilization has been limited to road and landing 
rehabilitation.  Fertilization conducted in harvested areas has not been verified with hard 
data to confirm any benefits realized.  On wet-belt sites in the North Thompson, Gilbert 
Smith Forest Products Ltd. has been fertilizing trees at the time of planting with teabag 
fertilizer, since 1998 to improve conifer establishment and vigour prior to the 
advancement of brush.  This trial will consider the benefits of fertilization in the drier 
areas of the wet-belt units in the Kamloops Timber Supply Area where similar 
reforestation challenges occur.  The results of this trial are also intended to compliment 
the trial previously established in the interior wet-belt at Pyramid Creek, north of Blue 
River.   
 
It is anticipated that fertilization will: 

 
1. reduce the cost / need for site preparation, 
 
2. reduce / eliminate brushing costs in these ecosystems by allowing the trees to 

establish faster, 
 
3. allow the seedlings to become visual obstacles to cattle sooner to reduce damage / 

losses from cattle browsing / movement, and  
 
4. reduce regeneration establishment timelines to increase site productivity, which 

provides future benefits to the wood supply. 
 
In addition, because aggressive site preparation is the currently the main method of 
maximizing tree establishment and survival to assist the trees to grow above competition 
in this area, a component of the trial will include assessing seedlings planted in spots that 
have been site prepped versus those planted “as is” on unprepared ground to see whether 
fertilization can replace the more costly site preparation activities.   
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Two methods of crop tree fertilization are being considered to assess the efficacies of 
each.  Conventional teabag fertilization (TB) at planting is assessed against fertilizer 
inserted in the seedling plug at the nursery during seedling lift (FAL).   
 
The objectives of this trial are: 
 

1. To assess whether fertilization at the time of planting will increase seedling 
height and stem diameter, and if so, to what extent, and 

 
2. if height and stem diameter are increased, to assess whether fertilization at the 

time of planting will: 
 

a. reduce or even eliminate the need for site preparation,  
b. reduce or even eliminate the need for brushing in areas traditionally 

requiring treatment to reduce competition (i.e. trees are able to grow 
above the brush prior to its establishment), and  

c. result in the achievement of minimum free-growing heights sooner. 
 
 
Methodology 
 
Location 
 
The trial is located in the Lemieux Creek drainage, approximately 18km north of Little 
Fort, British Columbia in Gilbert Smith Forest Product’s appraisal blocks (FLA18692, 
CP 701 Blks 2 & 3).  Specific site characteristics are in Appendix A. 
 
Design 
 
The trial was set-up using a completely randomized design with split-plot methodology.  
Tree species is the main plot and the fertilization is the split-plot.  Each block of trees to 
be measured is the experimental unit.   
 

Experimental Units: 
 

1 100 seedlings control planted “as is” 
2 100 seedlings fertilized (TB) and planted “as is” 
3 100 seedlings control planted in site prepared ground 
4 100 seedlings fertilized (TB) and planted in site prepared ground 
5 100 Fdi seedlings fertilized (FAL) and planted “as is” 
6 100 Fdi seedlings fertilized (FAL) and planted in site prepared ground

 
Four plots with relatively homogenous site conditions, of 250 seedlings each, were 
established within the cut-blocks.  Each plot is divided into ten subplots of 25 seedlings 
each, reflecting treatment type by species.  Each subplot treatment type was determined 
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randomly.  See Diagram 1 for an example of a sample plot.  The locations of the plots 
and subplots are mapped in Appendix B, along with the design layout. 
 

Diagram 1. Example of a Sample Plot 
 

Fdi Plant As Is 
 

Fertilized at the 
Time of Lift 

Fdi Plant As Is 
 

No Fertilizer 

Fdi Site Prep. 
 

Teabag 
Fertilized 

Pli Plant As Is 
 

No Fertilizer 

Pli Site Prep. 
 

No Fertilizer 

Pli Site Prep. 
 

Teabag Fertilized 

Fdi Site Prep. 
 

No Fertilizer 

Pli Plant As Is 
 

Teabag 
Fertilized 

Fdi Site Prep. 
 

Fertilized at the 
Time of Lift 

Fdi Plant As Is 
 

Teabag 
Fertilized 

 
Pacific Regeneration Technologies Inc. (PRT)1 produced the stock used in the trial under 
their standard operational growing regimes.  Stock type PSB 412A 1+0 was used for both 
species.  Seedlots planted are as follows: 
 

Lodgepole pine 44901 B+ seed
Douglas-fir 39336 B seed 

 
Fertilizer from ReForestation Technologies International (RTI)2 was used for the teabag 
fertilization technique portion of the trial.  The teabag product consists of 10g packets of 
16–6–8 (nitrogen–phosphorous–potassium) teabag fertilizer with micronutrients as 
outlined in Appendix C.  This formula was chosen because it is designed to build roots 
and diameter, which is expected to translate into increased growth and make the trees less 
susceptible to snow and vegetation press.  The fertilizer is designed to release slowly over 
a two-year period. 
 
For the FAL fertilizer technique portion of the trial, Pacific Regeneration Technologies 
treated some of the Fdi stock with the FAL product at the time of seedling lift.  The FAL 
technique is a proprietary product of PRT, and as such there is little information about the 
product that is publicly available.  What is known is that the objective of the FAL 
treatment is to aid the tree in establishment ensuring no nutrient deficiency occurs during 
this phase. Approximately 2 grams of fertilizer is inserted into the center of the root plug 
and the fertilizer is designed to release in response to temperature and moisture levels.  
Given the average soil temperatures anticipated at this site, the formulation is designed to 
release over two to three year period (temperature dependent). 
 

                                                 
1 This is not an endorsement of Pacific Regeneration Technologies Inc. 
2 This is not an endorsement of ReForestation Technologies International 
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The site preparation method used in this trial is mechanical stumping.  The main purpose 
of the stumping was to reduce the opportunity for Armillaria ostoyae (found in the pre-
harvest stand) to infect the seedlings planted within the cut-block.  Stumps tended to be 
large and spatially dispersed; untreated areas were left in between the stumps for the 
purpose of the trial.  As a normal practice on these sites, inter-stump areas would also be 
site prepared with screefs to further reduce brush competition.  Stumping is utilized as a 
surrogate for mechanical site preparation for the purpose of this trial. 
 
During planting, current operational planting techniques were employed.  On the plant 
“as is” ground, raised microsites were targeted, and planting near obstacles was favored.  
On the site-prepared ground, microsites with loose, exposed mineral soils were targeted 
with the high spots being favored.  Where teabags were used, the packets were placed 
under the humus layer 3 to 5 cm upslope of the planted trees for the plant “as is” trees 
and just under the soil surface in site prepped areas.   
 
For all of the seedlings in the trial, each was identified by a metal stake with a colored 
and numbered label that was inserted into the ground adjacent to the tree.  Orange labels 
indicate control trees that were not fertilized, blue labels indicate trees that were fertilized 
at the time of planting with teabags, and red labels indicate trees fertilized by the nursery.  
 
Measurement 
 
At the time of planting (May 5-6, 2003), the height and ground-level-diameter (GLD) 
were measured on all seedlings in the trial (May 6, 2003).  The seedlings were re-
measured at the end of the first growing season on September 25, 2003.  Along with 
height and GLD, survival, vigour, and brush competition were noted.  Re-measurement 
of these parameters is planned following the second, third and fifth growing seasons. 
 
SYSTAT 10.2 was used to perform analysis of variance, and Tukey’s post hoc multiple 
range test was used if treatment differences were found to be significant.  Site 
preparation, species and fertilization were regarded as fixed factors, and the trial was 
analyzed as randomized block split-plot design.  Fertilization was the split-plot effect.  
The level of significance was maintained at ∝ = 0.05. 
 
Vigour and brush competition was visually assessed according to Simard et al. (2001).  
Definitions are provided in Appendix D. 
 
Foliar Nutrient Analysis was completed after the first growing season, to determine if the 
trees are utilizing the fertilizer.  Foliage, from lateral branches produced in that growing 
season, was randomly collected by species from 20-25 seedlings of the treatment and 
control types, and sent to a lab for analysis.  Foliage collection was completed on October 
9, 2003. 
 
One tree per species was excavated from the treatment and control to assess if there were 
visual differences in root development. 
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Results 
 
Growth 
 
At the time of planting, the first measurement found that height and diameter were 
similar between the fertilized and control trees within species but significantly different 
between species.  This is to be expected considering the trees are of the same stock type 
and had not yet grown.  However, the data collected at the end of the first growing 
season, indicates that the height and GLD of the trees fertilized at the time of planting 
and the FAL trees are slightly greater than control trees with the same treatment for both 
species.  Seedlings planted in site prepped ground were slightly shorter than those that 
had the same treatment applied in plant ”as is” ground.  None of these findings are 
considered significant at this time.  The analysis of variance for both measurements is in 
Appendix E. 
 
The average height and caliper (GLD) of each species at the time of planting in 2003 
(PLT) and in the fall of 2003 (03) is found in Table 1. 
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Table 1.  Comparison of the average height and caliper, by species, by 

treatment at planting and following the first growing season 
 

% Difference 
VARIABLE HeightPLT (cm) Height03 (cm) Control:TB Control:FAL TB:FAL 

Control 13.4 26.4 Plant As Is 

TB 14.8 28.6 7.7 - - 

Control 14.6 25.6 

Pli 

Stumping 

TB 14.5 26.7 4.1 - - 

Control 26.2 34.0 

FAL 26.2 34.5 
Plant As Is 

TB 25.4 34.3 
0.9 1.4 0.6 

Control 24.7 33.0 

FAL 25.9 33.3 

Fdi 

 

Stumping 

TB 24.9 33.6 
1.8 0.9 -0.9 

% Difference 
VARIABLE GLDPLT (mm) GLD03 (mm) Control:TB Control:FAL TB:FAL 

Control 3.7 5.2 Plant As Is 

TB 3.8 5.5 5.5 - - 

Control 3.9 5.1 

Pli 

Stumping 

TB 3.8 5.6 8.9 - - 

Control 4.0 5.2 

FAL 3.9 5.4 

Plant As Is 

TB 3.8 5.6 
7.1 3.7 -3.7 

Control 3.8 5.3 

FAL 4.1 5.5 

Fdi 

 

Stumping 

TB 3.8 5.2 
-1.9 3.6 5.5 

 
Data collected at the second measurement, at the end of the first growing season, 
indicates that the height and caliper of the trees, fertilized at the time of planting with 
teabags and those fertilized with the FAL product, planted “as is” are slightly greater than 
the control trees for both species that were planted in site prepared ground.  However, it 
should be noted that this is not significant at this time. 
 
Height and caliper growth comparisons between fertilized stock on plant “as is” ground 
and no fertilization on site prepared ground is present in Tables 1a and 1b. 
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Table 1a.  Comparison of the average height by species, between fertilization 
methods and site preparation 

 
% Difference 

VARIABLE HeightPLT (cm) Height03 (cm) PAI TB : STUMP PAI FAL : STUMP 

Plant As Is TB 14.8 28.6 Pli 

Stumping Control 14.6 25.6 
11.5 N/A 

FAL 26.2 34.5 
Plant As Is 

TB 25.4 34.3 

Fdi 

 

Stumping Control 24.7 33.0 

3.8 4.3 

 
 

Table 1b.  Comparison of the average caliper by species, between 
fertilization methods and site preparation 

 
% Difference 

VARIABLE GLDPLT (mm) GLD03 (mm) PAI TB : STUMP PAI FAL : STUMP 

Plant As Is TB 3.8 5.5 Pli 

Stumping Control 3.9 5.1 
7.3 N/A 

FAL 3.9 5.4 
Plant As Is 

TB 3.8 5.6 

Fdi 

 

Stumping Control 3.8 5.3 

5.4 1.9 

 
 
Foliar Nutrient Analysis 
 
Foliage samples from the current year’s growth were collected at the end of the first 
growing season.  As displayed in Table 2 fertilization improved the nutritient status of the 
trees fertilized at the time of planting.  The stock receiving fertilizer at the nursery has 
very similar nutrient values to that of the control trees.   
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Table 2.   Douglas-fir and lodgepole pine Foliar Analysis 

 
NUTRIENT Douglas-fir Lodgepole pine 
  Stumping Plant As Is  Stumping Plant As Is 

Macros - % Adequate1 Control FAL2 TB3 Control FAL TB Adequate Control TB Control TB 

Nitrogen >1.35 1.284 1.28 1.43 1.09 1.12 1.38 >1.35 1.60 1.70 1.32 1.72 

Phosphorus >0.15 0.13 0.13 0.15 0.15 0.13 0.16 >0.15 0.14 0.14 0.14 0.15 

Potassium >0.65 0.75 0.57 0.76 0.70 0.62 0.85 >0.55 0.56 0.72 0.61 0.76 

Calcium >0.25 0.29 0.25 0.26 0.22 0.19 0.20 >0.10 0.22 0.22 0.22 0.25 

Magnesium >0.12 0.13 0.11 0.14 0.11 0.09 0.12 >0.10 0.13 0.13 0.12 0.14 

Total Sulphur 10% of N 0.08 0.08 0.16 0.09 0.08 0.20 10% of 
N 

0.11 0.17 0.11 0.15 

Micros-ppm Adequate Control FAL TB Control FAL TB Adequate Control Fert. Control TB 

Iron >25 87.3 62.0 56.6 38.6 46.8 40.0 >25 120.6 68.1 78.5 70.0 

Copper >2 0.1 ND 0.4 ND 0.4 ND >2 0.9 1.3 0.9 2.0 

Zinc >10 18.4 17.2 23.7 17.1 13.0 15.9 >10 34.2 24.5 33.1 39.0 

Manganese >15 105.4 121.6 209.2 122.8 64.8 215.5 >15 182.8 265.2 220.0 335.0 

Boron >12 11.7 11.6 129.45 12.8 9.7 212.5 >12 10.1 197.2 10.2 162.9 

Molybdenum >0.1 ND6 ND ND ND ND ND >0.1 ND ND ND ND 

Sodium  ND ND ND ND ND ND  ND ND ND ND 

 
1 Adequate values from Carter, 1992 
2 FAL: trees fertilized at the nursery 
3 TB: trees fertilized at time of planting with teabags 
4 Values in bold are below optimum levels 
5 Values with background highlighting indicate possible toxicity 
6 ND indicates that nutrients are Not Detectable 
 
 
Survival 
 
Of the one thousand trees in the trial, seventeen (1.7%) have died since planting in the 
spring of 2003.  Mortality is much greater on the unprepared ground where mortality 
accounts for thirteen of the seventeen stems; in total eight of these stems are fertilized; in 
total seven of these stems are Douglas-fir. 
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Discussion 
 
Height and Caliper Growth 
 

Plant “as is” and Fertilization 
 
The initial results of the trial demonstrate that both Douglas-fir and lodgepole pine show 
moderate responses to fertilization on plant “as is” ground.  With respect to height, 
lodgepole pine demonstrated the biggest gains being 7.7% taller on average than the 
respective control.  Douglas-fir also represented gains as a result of fertilization but they are 
not comparable to the pine with increases of only 0.9% for the teabag treatment, and only 
1.4% for the FAL treatment.  
 
With respect to caliper, the Douglas-fir increase was more apparent than height growth and 
the teabag-treated Fdi trees exceeded the gains calculated in the lodgepole pine.  Teabag 
treatments yielded GLD increases of 7.1% for teabag-treated fir versus 5.5% for the teabag-
treated pine, while the FAL treatments yielded increases of 3.7%.  All increases are with 
respect to the appropriate control.   
 
In summary, teabag fertilized lodgepole pine has shown the greatest height gains on plant 
”as is” ground with teabag fertilized Douglas-fir showing the greatest caliper gains.  It 
should be noted however that these are not statistically significant at this time. 
 

Site Preparation and Fertilization 
 
Initial results demonstrate that both species in the trial respond differently to planting on 
site-prepared versus plant “as is” ground.  Again, fertilized lodgepole pine presented the 
more noticeable responses when planted on site-prepared ground.  Heights increased by 
4.1% and calipers by 8.9% when compared to the appropriate control.  Douglas-fir grew 
1.8% taller with the teabag treatment and 0.9% taller with the FAL treatment.  Assessment 
of the teabag treatment yielded GLD 1.9% smaller than the control.  The FAL treatment 
was much more successful producing calipers 3.6% greater than the control thus, overall 
FAL produced GLDs 5.5% larger than the teabags.  Reduced GLD by the teabag treatment 
may be factors of sampling error, or unexplainable early results.     
 
Thus teabag-fertilized lodgepole pine has shown the greatest height and caliper gains on 
site-prepared ground although the results are not statistically significant at this time. 
 

Site Preparation Control versus Plant “as is” Fertilization 
 
Heights and caliper of the control and fertilized Pli planted in site-prepared ground were 
slightly lower than those Pli fertilized and planted “as is”.  Pine planted “as is” and 
fertilized with teabags was 11.7% taller and had a 7.8% greater GLD than pine planted on 
site prepared ground without fertilizer.  
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Heights of the control and fertilized Fdi planted in site-prepared ground were slightly 
smaller than those Fdi treated the same and planted “as is”.  Douglas-fir planted “as is” and 
fertilized (with either the FAL or teabag product) was 4.5% taller and the FAL trees had a 
3.7% greater GLD than Fdi planted on site prepared ground without fertilizer.  
 
Nutrient Concentrations 
 
Fertilization improved the nutrient status of test trees, however the stock (as represented by 
the control trees) was not overly deficit in mineral nutrients.  Normal nursery fertilization 
regimes and soil nutrient availability are partially responsible. 
 
The greatest gains in nutrient status were observed from the teabag treatment in the foliar 
concentrations of nitrogen, potassium and sulphur.  In the lodgepole pine, phosphorus, 
sulphur and copper are noted as low.  In fir, sulphur, copper and many of the 
macronutrients are reduced in the FAL treatment and the control.  Copper intake is 
considered low for either species with fertilizer availability.  Boron levels are very high in 
the analysis as was presented in the first year of results for the Pyramid Creek trial (same 
teabag treatment).  The second year of results for that trial show a significant drop in the 
foliar concentration of boron; high levels in the first year do not appear to be detrimental.  
Similar changes in boron levels are expected for the second year of this trial.  
 
Growth and Competitive Status 
 
Growth and competitive status was assessed during the re-measurement at the growing 
season end.  These values will be used to benchmark the visual assessment in future 
analysis.   
 
The vegetation complex primarily consists of epilobium angustifolium, sheperdia 
canadensis, rubus parviflorus, acer glabrum and grass species.  The competitive nature of 
these species was initially reduced following logging and site preparation disturbance; 
however, the vegetation is recovering quickly and is steadily increasing across the site.  
Grasses in particular is of concern due to its ability to compete with the crop trees for 
moisture where water can be a limiting factor.   
 
Overall it is important to note that brush has not significantly impacted the growth of any 
stems across the site at this time, even those assigned a competitive status value of 
“overtopped”.  Both species, regardless of treatment, display suitable growth and vigour.  
Visual observations suggest that the fertilized trees are of better color and vigour when 
compared to their control.  Photos of fertilized and control trees are present in Appendix F.  
At this stage, root development appears to be more strongly associated with microsite 
selection than to fertilization. 
 
The majority of crop tree mortality occurred on the unprepared ground where 76% of the 
total mortality was tallied.  Brush and grass competition is most likely the cause, as stock 
planted on plant “as is” ground was forced into a state of competition with the competing 
vegetation for water.  Stock placed on site-prepared ground has a slight initial advantage 
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of reduced competition.  At this stage, mortality is more directly linked to whether the 
site was prepared than to fertilization treatment or species. This is important to note as the 
site was very hot and dry during the past summer and there was concern that fertilization 
done in these conditions would cause substantial seedling mortality.  A temperature data 
recorder was planted in the ground and data will be collected in the fall of 2005 to obtain 
soil temperature information for the site. 
 
 
Conclusion 
 
As this trial is in the very early stages of stand establishment, sound statistical conclusions 
cannot be made at this time.  Future measurements following the second, third and fifth 
growing seasons will provide a stronger statement of the benefits associated with 
fertilization and, or site preparation.  
 
That being said, the initial results of this trial indicate that teabag fertilized lodgepole 
pine has the greatest height gains, and teabag fertilized Douglas-fir has the greatest 
caliper gains on plant ”as is” ground.  Teabag fertilized lodgepole pine has also shown 
the greatest height and GLD increases on site-prepared ground.  However, it is important 
to remember that differences in height and caliper between species or treatments are not 
significant at this time.  Information from the Pyramid Creek trial indicates that greater 
differences in height and caliper growth are most noticeable beyond year two.  Due to 
improved nutrition of the fertilized trees it is anticipated that this will result in increased 
growth in the following growing seasons as the trees have a better reserves to draw upon 
for next year’s growth.  The results of Foliar Analysis indicate that the teabag-fertilized 
trees have generally higher concentrations of micro and macronutrients than that of the 
FAL fertilized or control trees.   

With regards to site preparation it is not clear whether that treatment is beneficial for 
increased growth at this time as there were also no significant differences in height and 
GLD between the treatment and control for either species. However, the trees planted in 
site prepared ground were slightly smaller when compared to those with the same 
treatment.  Finally, it appears that if done properly, fertilization and site preparation do not 
cause increased seedling mortality in a hot, dry summer.   
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Site Characteristics for FLA18692, CP 701 Blocks 2 & 3 

 
 

Aspect South 
Slope Average 25% 
Elevation 940-1160m 
Biogeoclimatic 
Classification 

IDFmw2-01, 01-YC 

Pre-Harvest Stand 
Characteristics 

Primarily mature Douglas-fir with minor components of 
lodgepole pine, western redcedar and aspen 

Soils Brunisols, SL texture, 60+cm depth 
Harvesting Spring/Summer 2002 

• Groundskidding 
Site Preparation November 2002 

• Stumping 
• Mechanically broke-up skid trails; areas 

between stumps and trails left as is 
Planting May 5-6, 2003 
 
 
 
 
 

 
Overview of Lemieux Creek fertilization trial 
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Design Layout 
 
 
 

Plot Label Block Number Treatment Species Tag Color Tree Numbers3 
      

A 1 Stump Pli Orange 074, 077-078, 080-100 
 2 Stump Pli Blue 076-100 
 3 Stump Fdi Orange 001-006, 008-027 
 4 Stump Fdi Red 026-050 
 5 Stump Fdi Blue 001-025 
 6 Plant “as is” Pli Orange 051-075 
 7 Plant “as is” Pli Blue 026-050 
 8 Plant “as is” Fdi Orange 026-050 
 9 Plant “as is” Fdi Red 001-025 
 10 Plant “as is” Fdi Blue 051-075 

B 1 Plant “as is” Fdi Red 076-100 
 2 Plant “as is” Fdi Orange 76-80, 181-200 
 3 Stump Fdi Blue 151-175 
 4 Plant “as is” Pli Orange 101-125 
 5 Stump Pli Orange 126-150 
 6 Stump Pli Blue 176-200 
 7 Stump Fdi Orange 71-75, 151-172 
 8 Plant “as is” Pli Blue 126-150 
 9 Stump Fdi Red 051-075, 157 
 10 Plant “as is” Fdi Blue 101-125 

C 1 Stump Fdi Orange 077, 081-100, 176, 178-180 
 2 Stump Pli Blue 076-100 
 3 Stump Fdi Blue 051-075 
 4 Stump Fdi Red 101-125 
 5 Plant “as is” Fdi Blue 001-025 
 6 Plant “as is” Fdi Red 126-138, 141-150, 998-999 
 7 Plant “as is” Fdi Orange 051-070, 171-175 
 8 Plant “as is” Pli Orange 026-050 
 9 Plant “as is” Pli Blue 026-050 
 10 Stump Pli Orange 001-025 

D 1 Plant “as is” Pli Blue 101-125 
 2 Stump Fdi Blue 176-200 
 3 Plant “as is” Pli Orange 126-150 
 4 Stump Pli Blue 151-175 
 5 Plant “as is” Fdi Blue 126-150 
 6 Stump Fdi Orange 176-200 
 7 Stump Pli Orange 101-125 
 8 Plant “as is” Fdi Red 151-174, 195 
 9 Stump Fdi Red 176-200 
 10 Plant “as is” Fdi Orange 151-175 

 

                                                 
3 Trees were distributed on targeted microsites within a 15m x 15m area 
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Fertilization Trial Definition4 of Growth and Competitive Status Terms 
 

 
Growth 
 

1. Good Vigour 
vigourous shoot growth, large leaf area, long needles, deep green color, 
and thick caliper 

 
2. Moderate Vigour 

moderate shoot growth, leaf area, needle length and caliper 
 

3. Poor Vigour 
little or etiolated shoot growth and or few short needles and small caliper 

 
4. Moribund 

near death and little or no shoot growth 
 

5. Dead 
 
 
Competitive Status 
 

1. Free of Vegetation 
leaders well above surrounding vegetation and unlikely to become 
overtopped within 2-growing seasons 

 
2. Threatened 

seedlings have leaders at the same height as surrounding vegetation 
 

3. Overtopped 
leaders are overtopped by any vegetation (in any quadrant) within the 
tree’s growing cylinder 

 
4. Suppressed 

seedling is well below vegetation 

                                                 
4 Simard et al. 2001 
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Experimental Design 
The trial design is an incomplete factorial randomized block split-plot design. Species (2 levels) and Fertilization (3 levels) are the 
main-plot factors, and Site Prep (2 levels) is the split-plot factor. The experimental unit (i.e. treatment unit) for main-plot factors is a 
50 tree combined square, while the experimental unit for the split-plot factor is a square of 25 trees 
 
ONLY SIGNIFICANT DIFFERENCE IS BETWEEN SPECIES HEIGHT AT TIME OF PLANTING, AND BETWEEN 
SPECIES HEIGHT IN THE FALL OF 2003 
 
  
                                Height at Plant 
 
 
Dep Var: HTPLT   N: 1000   Multiple R: 0.851   Squared multiple R: 0.725 
  
Analysis of Variance 
 

Source    Sum-of-Squares df Mean-Square F-ratio P
Model   

Error  
12720.360 960

 
13.250  

  
Durbin-Watson D Statistic          1.916 
First Order Autocorrelation        0.041 
 
 
 
  
Test for effect called:     FERT$ 
  
  
Test of Hypothesis 
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Source      SS df MS F P

Hypothesis  
1.488 

 
1 

 
1.488  0.005  

0.944

Error  
1665.319 

 
6 

 
277.553   

 
 
  
Test for effect called:     SPP$ 
  
  
Test of Hypothesis 
 

Source     SS df MS F P

Hypothesis  
13778.847 

 
1

 
13778.847  259.301  

0.001

Error  
159.415 

 
3

 
53.138   

 
 
  
Test for effect called:     SPP$*FERT$ 
  
  
Test of Hypothesis 
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Source      SS df MS F P

Hypothesis  
153.028 

 
2 

 
76.514  0.431  

0.669

Error  
1066.056 

 
6 

 
177.676   

 
 
  
Test for effect called:     PREP$ 
  
  
Test of Hypothesis 
 

Source      SS df MS F P

Hypothesis  4.133  1  4.133  
0.146  0.728 

Error  85.010  3  28.337   
 
 
  
Test for effect called:     PREP$*FERT$ 
  
  
Test of Hypothesis 
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Source      SS df MS F P

Hypothesis  
0.038 

 
1 

 
0.038 

 
0.001 

 
0.973 

Error  
179.193 

 
6 

 
29.866   

 
 
  
Test for effect called:     PREP$*SPP$ 
  
  
Test of Hypothesis 
 

Source      SS df MS F P

Hypothesis  
87.010 

 
1 

 
87.010 

 
1.424 

 
0.355 

Error  
122.205 

 
2 

 
61.102   

 
 
  
Test for effect called:     PREP$*SPP$*FERT$ 
  
  
Test of Hypothesis 
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Source      SS df MS F P

Hypothesis  
108.011 

 
2 

 
54.006 

 
2.242 

 
0.222 

Error  
96.371 

 
4 

 
24.093   

 
 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
 
 
                              Height in Fall 2003 
 
Dep Var: HT03   N: 978   Multiple R: 0.580   Squared multiple R: 0.336 
  
Analysis of Variance 
 

Source     Sum-of-Squares df Mean-Square F-ratio P
Model     

Error  
30251.947   938  32.252 

*** WARNING *** 
Case          560 is an outlier        (Studentized Residual =        4.845) 
  
Durbin-Watson D Statistic          1.997 
First Order Autocorrelation       -0.000 
 
 
 
  
Test for effect called:     FERT$ 
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Test of Hypothesis 
 

Source     SS df MS F P

Hypothesis  
255.016 1  255.016  0.737  0.424

Error  
2075.867 6  345.978   

 
 
  
Test for effect called:     SPP$ 
  
  
Test of Hypothesis 
 

Source     SS df MS F P

Hypothesis  
9632.869 1  9632.869  

141.873  0.001 

Error  
203.694 3  67.898   

 
 
  
Test for effect called:     SPP$*FERT$ 
  
  
Test of Hypothesis 
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Source     SS df MS F P

Hypothesis  
61.436 2

 
30.718  0.167  0.850

Error  
1104.370 6

 
184.062   

 
 
  
Test for effect called:     PREP$ 
  
  
Test of Hypothesis 
 

Source     SS df MS F P

Hypothesis   86.072 1  86.072  4.168  0.134 

Error     61.952 3  20.651 

 
 
  
Test for effect called:     PREP$*FERT$ 
  
  
Test of Hypothesis 
 

 35
 



Source      SS df MS F P

Hypothesis  
8.748 

 
1 

 
8.748 

 
0.167 

 
0.700 

Error  
262.274 

 
5 

 
52.455   

 
 
  
Test for effect called:     PREP$*SPP$ 
  
  
Test of Hypothesis 
 

Source     SS df MS F P

Hypothesis   0.647 1  0.647  0.039  0.855

Error     49.299 3  16.433 

 
 
  
Test for effect called:     PREP$*SPP$*FERT$ 
  
  
Test of Hypothesis 
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Source      SS df MS F P

Hypothesis  
22.839 

 
2 

 
11.419 

 
0.344 

 
0.728 

Error  
132.915 

 
4 

 
33.229   

 
 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
 
                                GLD at Planting 
Unable to enter effect 10. 
This effect may fail tolerance checks. 
  
Dep Var: GLDPLT   N: 1000   Multiple R: 0.415   Squared multiple R: 0.172 
  
Analysis of Variance 
 

Source    Sum-of-Squares df Mean-Square F-ratio P
Model    

Error  
376.849 960

 
0.393  

  
Durbin-Watson D Statistic          2.042 
First Order Autocorrelation       -0.024 
 
 
 
  
Test for effect called:     FERT$ 
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Test of Hypothesis 
 

Source     SS df MS F P

Hypothesis   6.000 2  3.000  0.946  0.439

Error   19.019 6  3.170   

 
 
  
Test for effect called:     SPP$ 
  
  
Test of Hypothesis 
 

Source SS    df MS F P

Hypothesis  0.154  
1  0.154  0.104  0.768

Error    4.441  
3  1.480

 
 
  
Test for effect called:     SPP$*FERT$ 
  
  
Test of Hypothesis 
 

 38
 



Source     SS df MS F P

Hypothesis   0.987 1  0.987  0.382  0.559

Error   15.522 6  2.587   

 
 
  
Test for effect called:     PREP$ 
  
  
Test of Hypothesis 
 

Source     SS df MS F P

Hypothesis  0.015 1  0.015  
0.016  0.907 

Error    2.805 3  0.935 

 
 
  
Test for effect called:     PREP$*FERT$ 
  
  
Test of Hypothesis 
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Source     SS df MS F P

Hypothesis   0.588 2  0.294  0.101  0.906

Error   11.668 4  2.917   

 
 
  
Test for effect called:     PREP$*SPP$*FERT$ 
  
  
Test of Hypothesis 
 

Source     SS df MS F P

Hypothesis   2.453 2  1.226  0.360  0.712

Error   20.423 6  3.404   

***ERROR*** 
Effect selected is not estimable (0 DF) or does not exist in the model. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
 
                                GLD in Fall 2003 
Unable to enter effect 4. 
This effect may fail tolerance checks. 
Dep Var: GLD03   N: 978   Multiple R: 0.540   Squared multiple R: 0.291 
  
Analysis of Variance 
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Source     Sum-of-Squares df Mean-Square F-ratio P
Model     

Error  
970.833   938

 
1.035

*** WARNING *** 
Case          274 is an outlier        (Studentized Residual =        4.681) 
  
Durbin-Watson D Statistic          1.814 
First Order Autocorrelation        0.093 
 
 
 
  
Test for effect called:     FERT$ 
  
  
Test of Hypothesis 
 

Source      SS df MS F P

Hypothesis  
11.046 

 
1 

 
11.046 

 
0.298 

 
0.605 

Error  
222.235 

 
6 

 
37.039   

 
 
  
Test for effect called:     SPP$ 
  
  
Test of Hypothesis 
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Source      SS df MS F P

Hypothesis  
4.517 

 
1 

 
4.517 

 
0.057 

 
0.827 

Error  
238.697 

 
3 

 
79.566   

 
 
  
Test for effect called:     SPP$*FERT$ 
  
  
Test of Hypothesis 
 

Source      SS df MS F P

Hypothesis  
18.781 

 
2 

 
9.390 

 
0.265 

 
0.776 

Error  
212.998 

 
6 

 
35.500   

 
 
  
Test for effect called:     PREP$*FERT$ 
  
  
Test of Hypothesis 
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Source     SS df MS F P

Hypothesis  0.206 2  0.103  0.052  0.950 

Error    9.964 5  1.993 

 
 
  
Test for effect called:     PREP$*SPP$ 
  
  
Test of Hypothesis 
 

Source     SS df MS F P

Hypothesis  0.251 1  0.251  0.132  0.740 

Error    5.708 3  1.903 

 
 
  
Test for effect called:     PREP$*SPP$*FERT$ 
  
  
Test of Hypothesis 
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Source     SS df MS F P

Hypothesis  3.736 2  1.868  1.148  0.389 

Error    8.137 5  1.627 

***ERROR*** 
Effect selected is not estimable (0 DF) or does not exist in the model. 
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Typical control lodgepole pine, plant “as is” (tree number 049)  
 

 
 

Typical fertilized lodgepole pine, plant “as is” (tree number 123) 
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Typical control Douglas-fir, plant “as is” (tree number 067) 
 

 
 

Typical teabag fertilized Douglas-fir, plant “as is” (tree number 001) 
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Typical FAL fertilized Douglas-fir, plant “as is” (tree number 137) 
 

 
 

Typical control lodgepole pine, site preparation (tree number 020) 
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Typical fertilized lodgepole pine, site preparation (tree number 180) 
 

 
 

Typical control Douglas-fir, site preparation (tree number 182) 
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Typical teabag fertilized Douglas-fir, site preparation (tree number 055) 
 

 

 
 

Typical FAL fertilized Douglas-fir, site preparation (tree number 052) 
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