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ABSTRACT 

 

Fertilization at the time of planting is a silviculture treatment that has recently been utilized in an attempt to meet 
silviculture obligations in a more timely and economic fashion.  In order to assess its benefits, western red cedar (Thuja 

plicata) and interior hybrid spruce (Picea glauca x engelmanni ), were fertilized at the time of planting in the Interior 
Cedar-Hemlock very wet cool (ICH vk1) biogeoclimatic zone north of Blue River, British Columbia.  The fertilization 
method utilized consisted of placing 10 g teabag fertilizer packets into the ground adjacent to the seedling at the time of 
planting.  
 
The other major component of the trial consisted of assessing the benefits of broadcast burning for seedling establishment.  
Comparisons of growth were made between western red cedar and interior spruce planted in broadcast burned ground 
versus control trees Planted-as-is. Control trees planted in the broadcast burned ground were also compared against 
fertilized trees Planted-as-is to determine which treatment provided the greater benefit.  Last, the two treatments were 
combined to determine whether implementing both methods would further enhance the growth response of the seedlings. 
    
The term of the trial was five years and the trees were measured and assessed at the end of the first, second, third, and 
fifth growing seasons to determine the effects of the fertilizer and broadcast burning site preparation treatment. Seedling 
height, height increment, ground level diameter, and volume were reviewed at year five and trends were analyzed over the 
term of the trial. Comparisons between volumes, the best overall reflection of the total biomass of a tree, were used to 
assess the response of the seedlings to a particular treatment regime.   
 
Unfortunately due to variations in microsite quality throughout the trial site combined with varying levels of slash on the 
Plant-as-is ground, results were mixed at the end of five years.  It appears that the impact from these site factors was such 
that overall microsite quality may have been a greater determining factor of seedling growth than the applied fertilizer and 
broadcast burning treatments. After five years, the teabag fertilized cedar Planted-as-is had volumes 29% greater than the 
control (although mortality was more than double), and the spruce had volumes only 1% greater than the control.  With 
regards to broadcast burning, the control cedar planted in the broadcast burned ground actually had volumes 3% less than 
the control Planted-as-is and 25% less than the fertilized trees Planted-as-is.  For the spruce the control seedlings planted 
in the broadcast burned ground were 5% smaller in volume than the control Planted-as-is and 6% smaller than the 
fertilized trees Planted-as-is.  When the fertilizer and broadcast burning treatments were combined, the teabag fertilized 
cedar planted in the broadcast burned ground had volumes only 1% greater than the control Planted-as-is trees. The 
spruce trees fertilized and planted in the broadcast burn had volumes 6% greater than the control spruce Planted-as-is. 
Adding fertilizer to the seedlings in the broadcast burn ground appeared only to enhance things slightly, as nutrients 
provided by the fertilizer did not appear limiting on the burned site.  On the broadcast burned ground the volume of the 
fertilized cedar was 4% greater, and for the fertilized spruce the volume was 11% greater than the control.   
 
Seedling foliar nutrient concentrations for both species increased initially after the first growing season when the trees 
were teabag fertilized and Planted-as-is, particularly for nitrogen and boron. However, due to the nutrient flush provided 
by the broadcast burn, adding additional nutrients by fertilizing at the time of planting did not significantly enhance 
seedling foliar nutrient concentrations on the broadcast burned site, except for boron which was limiting in the soil.  Over 
time, foliar nutrient levels became similar between treatments as the dilution effect started to have a greater impact.  
Sulphur was always deficient, even after fertilization occurred on both the Plant-as-is and broadcast burned ground.  Due 
to the critical role sulphur plays in plant growth and development, and from reviewing results from other research trials, it 
is strongly felt that missing this element in the fertilizer blend, in a format accessible to the tree seedlings, limited their 
growth response.   
 
Seedling vigour was better for the spruce Planted-as-is, while better for the cedar planted into the broadcast burn. Vigour 
was generally better for the teabag fertilized trees compared to the control.  Mortality of the cedar was more than twice 
that of the spruce and pest damage and physical defects in the cedar were more than two and a half times greater.  The 
biggest impact to the cedar was from voles and in the Plant-as-is ground it appears that mortality from voles was more 
than twice the amount for the fertilized trees.  It should be noted however that the surviving fertilized cedar in the Plant-
as-is treatment suffered less than half the vole browse damage as the control cedar.  For the spruce the fertilized trees 
suffered less mortality and slightly less damage than the unfertilized control seedlings.  In regards to seedling damage, the 
broadcast burn appears to have provided benefit by reducing the slash which provided habitat for the voles. The slash 
could also no longer slide down the hill under the weight of the snow and bend the stems of the crop trees.  
 
Given the fact the trees have not yet reached overall free growing status, it is recommended that further measurements 
occur at year seven and year ten of this trial to determine how differences between the fertilization and broadcast burning 
treatments continue to develop over time and how this will ultimately relate to stand productivity.   
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INTRODUCTION 
 
The upper North Thompson valley, in the vicinity of Blue River, British Columbia, is occupied by the interior 
wet-belt which consists mainly of the Interior Cedar - Hemlock (ICH) wk1, ICH vk1 and Engelmann Spruce - 
Subalpine Fir (ESSF) wc2 biogeoclimatic zones.  Heavy snow loads and abundant summer rains, combined 
with a relatively short growing season, are typical for this area (Lloyd et al., 1990).  As a result, these 
ecosystems are prone to heavy brush competition, making reforestation efforts challenging and costly.  Trees 
must become established prior to brush encroachment if reforestation obligations are to be met within 
acceptable budgets and timelines. 
 
To improve conifer establishment and vigour prior to the advancement of brush competition, Gilbert Smith 
Forest Products Ltd. has been fertilizing trees at the time of planting with Reforestation Technologies 
International (RTI) teabag fertilizer since 1998.  Visual observations suggest that the fertilizer has contributed 
to increased tree height and diameter in the first two growing seasons following planting, helping trees grow 
above the brush competition before it becomes fully established.  To what extent stem diameter and height 
increase, thus making the treatment beneficial over the long term, is unknown at this time.  Other factors to be 
considered are the fertilizers’ effect on individual tree species, how it works within the ecosystems in which 
the trees are planted, and the appropriateness of the formulation and release characteristics of the chosen 
fertilizer. The purpose of this trial is to determine the benefits derived from fertilization at the time of planting 
with teabag fertilizer. The results from this trial are also meant to help confirm and compliment those 
obtained in the nearby Pyramid Creek fertilization at the time of planting trial also established in the ICH vk1 
in the North Thompson Valley.  It will also compliment the results of the Lemieux Creek fertilizer trial 
located near Clearwater, B.C. in the Interior Douglas-fir (IDF mw2) biogeoclimatic zone.     
 

Trial Objectives 
 
At the time of trial establishment the objectives of this trial were: 
 

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 broadcast burning, 
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b. reduce or even eliminate the need for brushing in areas traditionally requiring treatment 
from competition (i.e. the trees are able to grow above the brush prior to its 
establishment), and  

c. result in the achievement of  legislated minimum free-growing heights sooner.  
 
As mentioned in the trial objectives, in addition to assessing the benefits of fertilization at the time of planting, 
the other main trial component assesses the benefits of broadcast burning in these ecosystems.  Due to heavy 
slash loading following harvesting, heavy vegetation competition, terrain constraints prohibiting the use of 
ground based equipment, as well as the desire to provide a favourable microsite for a planted seedling, 
broadcast burning has been the traditional method of site preparation within the upper North Thompson 
valley.   Although this has been shown to be quite effective in assisting tree seedling establishment, it is also 
very expensive and challenging to implement due to the risks associated with fire and the limited burning 
window opportunities. A component of the trial includes comparing seedlings planted in a broadcast burned 
area versus those Planted-as-is and fertilized on unprepared ground to see whether fertilization at the time of 
planting with teabag fertilizer can be considered an effective substitute for the substantially more costly and 
more difficult to implement broadcast burning site preparation method.   
 

MATERIALS AND METHODS 
 

Site Description  

 
The trial site is located in the Thunder River drainage, approximately 17 km north of Blue River, British 
Columbia, in Gilbert Smith Forest Product Ltd’s appraisal blocks FLA56291, CP A Block 17, (See Appendix 
A) between 1180-1280 m elevation (see Appendix A).  Slopes are moderate to steep, ranging from 30-60% 
(average 45%), and have a southern aspect. Soils are submesic to mesic with summer moisture deficits 
generally not considered to be a significant issue. The Biogeoclimatic classification for this site overall is the 
Interior Cedar - Hemlock very wet cool, 04 (01) site series (ICHvk1 – 04(01).  It is very prone to heavy 
herbaceous brush competition.  Soils consist of relatively deep Podzols with a silty-sandy loam soil texture. 
 
The original stand consisted mostly of over mature western red cedar (Thuja plicata) and western hemlock 
(Tsuga heterophylla) with a minor component of interior spruce (Picea glauca x engelmannii). The block was 
harvested with cable systems in the spring/summer of 2002.  Upon completion of harvesting prior to 
snowfall, the portion of the block with heavy slash loading the area was broadcast burned in October 2002. 
The area with lighter slash loading was not treated. Both areas were planted in the spring of 2003. 
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Site Overview 1 

 

 
 

Figure 1. Overview of the broadcast burn area of the trial site.   
 

 
 

Figure 2. Vegetation competition in the broadcast burn portion of the trial site. 
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Site Overview 2 

 

 
 

Figure 3. Overview of the Plant - as - is area of the trial site   
 

 
 

Figure 4. Vegetation competition in the broadcast burn portion of the trial site 
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Treatments 

 
When designing the trial, every attempt was made to keep things representative of operational planting 
conditions. Thus, western red cedar (Thuja plicata, Cw) and interior hybrid spruce (Picea glauca x 

engelmannii, Sx) were chosen for the purposes of the trial as they were the main commercial tree species 
being planted in the area at the time of trial establishment. The stock type chosen also reflected this and 
consisted of StyroblockTM PSB 412A (125 ml) one-year-old (1+0) seedlings.  These were taken from Gilbert 
Smith’s operational 2003 spring planting program.  Pacific Regeneration Technologies Inc. (PRT) produced 
the stock in their Okanagan nurseries during the previous growing season under standard growing regimes. 
The stock was frozen stored over the winter and thawed a few days prior to being planted.  The cedar seedlot 
(44783) consisted of natural stand seed collected from the Blue River area. The hybrid interior spruce seedlot 
(60713) was improved seed from the British Columbia Ministry of Forests and Range Kalamalka seed 
orchard located in Vernon, B.C.  
 
Eight hundred (800) tree seedlings were used in the trial; four hundred (400) western red cedar and four 
hundred (400) interior spruce. Half of  the western red cedar (200 trees) and half of the interior spruce (200 
trees) were planted without fertilizer and the other half (200 trees of each species) were fertilized at the time 
of planting. Teabag fertilizer from Reforestation Technologies International (RTI) was used for the trial.  The 
product consisted of 10 g packets or teabags of Bio-Pak 16–6–8 (N–P–K) fertilizer with micronutrients as 
outlined in Appendix B. The fertilizer is intended to release slowly over a two-year period, however, this is 
somewhat dependent on soil temperature and moisture. Although this formulation is really designed for 
highly disturbed sites that contain little organic matter, such as de-activated roads, it was chosen because it 
was felt to be the best formulation for building tree roots and ground-level-diameter.  Due to the high brush 
potential in the area, it was thought that if a tree grew at a slower rate, but ended up being sturdier, it would 
be better able to handle the pressures from the competing vegetation.  Once the roots and a sturdy stem were 
established, it was anticipated that increased growth would naturally follow.   
 
During planting current operational techniques were employed, however not all seedlings had the same target 
microsites. This is where the second component of the trial was introduced.  For both the western red cedar 
and interior spruce, half of the trees of each fertilizer treatment (i.e. control and teabag) were planted in the 
broadcast burned ground while the other half were Planted-as-is amongst the slash in the unburned area. That 
is, one hundred (100) seedlings of the western red cedar and spruce trees were planted into the broadcast 
burned ground with fertilizer and one hundred (100) seedlings were Planted-as-is with fertilizer amongst the 
slash in the unburned ground.  The same held true for the control trees. In all instances high planting spots 
were favoured for early season soil warmth and planting near obstacles was favoured for protection from 
snow creep and from competing vegetation. Having the top of the plug in the decomposed litter layer was 
encouraged and holes were gently closed with fingers so that the top was sealed.  Air pockets were permitted 
providing that the top of the hole was sealed shut.  For the seedlings fertilized at the time of planting, fertilizer 
packets were placed just under the duff in the upper layers of the mineral soil 3-5 cm upslope of the planted 
trees. This portion of the soil profile is where most of the tree roots were expected to grow and is thus the 
location where the maximum benefits from the fertilizer were likely to be achieved.  Each tree was identified 
by a metal stake with a colored and numbered label that was inserted into the ground adjacent to the tree.  
Orange tags indicate control trees that were not fertilized and blue tags indicate trees fertilized at the time of 
planting.  Trial seedlings and their associated tags were flagged with pink winter-weight ribbon in the fall of 
year five to help locate them in future measurements. 
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Layout 

 
The trial was established as a completely randomized split-plot design. Eight (8) rows of seedlings were 
located across the slope in both the broadcast burned and Plant-as-is ground resulting in sixteen (16) rows in 
total (see Appendix A). The rows were spread out amongst their respective treatment area to try and capture 
the entire site in order to eliminate bias.  It should be noted however, that despite this attempt there was a 
great deal of variation amongst the microsites.  In the broadcast burn area the variation was a result of  ridges 
and gullies (e.g. some microsites warmer and drier than others) and in the Plant-as-is area the variation was 
due to different levels of slash loading in addition to microsite differences due to some gullies and wet areas  
in the western portion of the cutblock. 
  
Each row had fifty (50) trees of the same species located along its length. Twenty-five (25) trees were planted 
on one side of the row as a control.  Twenty-five (25) trees were also planted on the other side of the row and 
were fertilized.  Rows were designed in a manner that a person could visually assess the differences between 
the fertilized and unfertilized trees. 

 

Measurement  

 
At the time of planting (May 21, 2003), the height and ground-level-diameter (GLD) were measured on all 
seedlings per treatment.  The seedlings were then re-measured at the end of the first growing season on 
September 25, 2003.  The trial was then subsequently re-measured in the fall of 2004, 2005, and 2007. Along 
with height and GLD, survival, vigour, and competitive status were classified as described by Simard et al. 
(2001).  Definitions are provided in Appendix C.  A foliar nutrient analysis was also completed at the end of 
each growing season to determine if the nutritional status of the seedlings was being improved by the 
fertilizer or broadcast burning treatments.  Foliage from lateral branches produced in the current growing 
season was randomly collected from 20-25 seedlings per species treatment combination, and sent to a lab for 
analysis. One tree per species was also excavated for both the treatment and control to determine if there were 
visual differences in root development.  

Statistics 

 
SYSTAT 10.2 was used to perform analysis of variance, and Tukey’s post hoc multiple range test if treatment 
differences were found to be significant.  The trial was set up as a completely randomized split–plot design, 
with site preparation treatment as the main plot, and fertilization treatment as the split-plot factor.  Site 
preparation treatment and fertilization were regarded as fixed factors.  However, as growth differences 
between the various species were not of interest, the effect of the fertilizer treatment was analyzed within 

each species separately.  The level of significance was maintained at ∝ = 0.05.  Prior to data analysis and 
calculation of the means, severely damaged trees were removed from the data set.  Statistical calculations can 
be found in Appendix I. 
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RESULTS – YEAR 
 
Within this section of the report, the results for year five are disclosed for tree height, gr
(GLD), tree volume, nutrition, vigour, competitive status, and pest damage.  
must look at each particular measurement/classification with consideration of the others as each characteristic 
reflects a little differently the trees response to the 
were variations in microsite conditio

the results unless there were an equal number of trees in each type of microsite.

impacts caused by microsite variation is unknown. 

Height – Year Five Results
 

After five growing seasons: 
 

• Sx was the tallest of the crop trees, 
taller than the Cw. 

• The Sx Planted-as-is with 
trees which were 1-5% taller 

• The broadcast burn site preparation
average.  These trees were 

• In the Plant-as-is ground, t
than the control trees.  The same held true for

• The teabag fertilized Cw and Sx Planted
and Sx planted in the broadcast burned ground

• The Cw teabag fertilized and planted in the 
the control trees Planted
2% greater heights than the 

•  None of the height differences were statistically significant (p=0.05).   (See Appendix I for 
statistical data).  
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Within this section of the report, the results for year five are disclosed for tree height, ground
(GLD), tree volume, nutrition, vigour, competitive status, and pest damage.  When reviewing the data 

look at each particular measurement/classification with consideration of the others as each characteristic 
reflects a little differently the trees response to the treatment applied.  Note: Unfortunately 

site conditions between trees within a row.  This may have had a

unless there were an equal number of trees in each type of microsite. 

impacts caused by microsite variation is unknown.  

Year Five Results 

was the tallest of the crop trees, Cw was the shortest. The Sx on average is approximately 

with teabag fertilization at the time of planting created the tallest 
5% taller than the other treatment combinations. 

broadcast burn site preparation treatment with teabag fertilization had the tallest 
rees were 7-9% taller than the other treatment combinations. 

ground, the average teabag fertilized Cw and Sx tree heights were
.  The same held true for those in the broadcast burned ground. 

teabag fertilized Cw and Sx Planted-as-is were slightly taller on average than the 
planted in the broadcast burned ground.  

teabag fertilized and planted in the broadcast burned ground had heights 
Planted-as-is. The teabag fertilized Sx planted in the broadcast burned

than the Sx control Planted-as-is. 

differences were statistically significant (p=0.05).   (See Appendix I for 

 

Fifth year heights of both fertilized (Teabag) and control trees for western red cedar

interior spruce on broadcast burned and Plant-as-is (PAI) ground. 
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ound-level-diameter 
When reviewing the data one 

look at each particular measurement/classification with consideration of the others as each characteristic 
Unfortunately at times there 

had an impact on 

 The level of any 

is approximately 17% 

fertilization at the time of planting created the tallest Sx 

fertilization had the tallest Cw on 

were slightly greater 
broadcast burned ground.  

than the control Cw 

broadcast burned ground had heights 9% greater than 
broadcast burned ground had 

differences were statistically significant (p=0.05).   (See Appendix I for 

 

western red cedar and 

  

PAI - Control

PAI - Teabag

Burn - Control

Burn - Teabag



Thunder River

           

Top 20%  – Year Five 

 
The height was also analyzed using the heights of trees from the top 20th percentile.  The tallest 20% of the 
trees were looked at because it was assumed

thereby being the most likely to reflect 
it is interesting to see that the height 
western red cedar the teabag fertilized trees are still taller than the c
treatment.  The only difference is that the teabag fertilized trees Planted
broadcast burn.  When the whole population is compared, the teabag fertilized trees in the broadcast burn 
were the tallest.   
 
With regards to the spruce, all the heights of the top 20% were similar with no real substantial differences. All 
of the heights were within 6cm of each other.  The fertilized and control trees in the Plant
virtually the same heights. In the end, the teabag fertilized spruce in the broadcast burn had the tallest heights 
on average. 

 
 

 
Figure 6.  Five year heights of both fertilized (Teabag) and control trees for western red cedar, and interior 

for trees from the top 20th height percentile on broadcast burned and Plant
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Five Height Results   

The height was also analyzed using the heights of trees from the top 20th percentile.  The tallest 20% of the 
it was assumed that they were all in favourable microsites and undamaged 

being the most likely to reflect the response to the fertilizer treatment. Upon review of the height data, 
it is interesting to see that the height trends are similar when compared to the population as a whole.  For 
western red cedar the teabag fertilized trees are still taller than the controls in the same site preparation 
treatment.  The only difference is that the teabag fertilized trees Planted-as-is were taller than those in the 
broadcast burn.  When the whole population is compared, the teabag fertilized trees in the broadcast burn 

all the heights of the top 20% were similar with no real substantial differences. All 
of the heights were within 6cm of each other.  The fertilized and control trees in the Plant

e same heights. In the end, the teabag fertilized spruce in the broadcast burn had the tallest heights 

Five year heights of both fertilized (Teabag) and control trees for western red cedar, and interior 

for trees from the top 20th height percentile on broadcast burned and Plant-as-is (PAI) ground.
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The height was also analyzed using the heights of trees from the top 20th percentile.  The tallest 20% of the 
that they were all in favourable microsites and undamaged 

the response to the fertilizer treatment. Upon review of the height data, 
trends are similar when compared to the population as a whole.  For 

ontrols in the same site preparation 
is were taller than those in the 

broadcast burn.  When the whole population is compared, the teabag fertilized trees in the broadcast burn 

all the heights of the top 20% were similar with no real substantial differences. All 
of the heights were within 6cm of each other.  The fertilized and control trees in the Plant-as-is ground had 

e same heights. In the end, the teabag fertilized spruce in the broadcast burn had the tallest heights 

 

Five year heights of both fertilized (Teabag) and control trees for western red cedar, and interior spruce 

is (PAI) ground. 
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Ground Level Diameter

 
After five growing seasons: 
 

• Sx had the greatest GLDs
approximately a 22% greater 

• The Cw Planted-as-is and
8-10% greater than the other treatment combinations.

• The broadcast burn treatment combined
the biggest GLDs on average.  Trees 

• In the Plant-as-is ground, the average teabag fertilized 
than the control trees.  The same held true for those in the broadcast burned ground. 

• The teabag fertilized Cw and Sx Planted
and Sx controls planted in the broadcast burned ground. 

• The teabag fertilized Cw
trees Planted-as-is. The teabag fertilized 
GLDs than the Sx control 

•  None of the GLD dif
statistical data).  

 

 

Figure 7. Fifth year ground level diameters (
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ter – Year Five Results 

GLDs of the crop trees, Cw had the smallest. The Sx 

greater GLD than the Cw. 

is and fertilized at the time of planting created Cw trees with 
er than the other treatment combinations. 

broadcast burn treatment combined with fertilization at the time of planting 
average.  Trees had GLDs 1-3% greater than the other treatment combinations.

ground, the average teabag fertilized Cw and Sx tree GLDs were slightly greater 
.  The same held true for those in the broadcast burned ground. 

The teabag fertilized Cw and Sx Planted-as-is had slightly greater GLDs on average than the 
planted in the broadcast burned ground.  

Cw planted in the broadcast burned ground had GLDs the same as 
The teabag fertilized Sx planted in the broadcast burned ground had 

control Planted-as-is. 

None of the GLD differences were statistically significant (p=0.05).   (See Appendix I for 

 

Fifth year ground level diameters (GLD) of both fertilized (Teabag) and control trees for 

interior spruce on broadcast burn and Plant-as-is (PAI) ground
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at the time of planting had the Sx with 
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on average than the Cw 

the same as the control 
ground had 2% greater 

(See Appendix I for 
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Top 20% – Year Five 

 
The GLD was also analyzed using the GLDs of trees from the top 20th percentile with regards to height. 
Upon review of the data, unlike the general population, only the GLDs for the fertilized western red cedar 
trees Planted-as-is were larger than the control.  In the broadcast burn ground the GLDs for the fertilized trees 
are actually smaller than the control. 
GLDs were the fertilized trees Planted
 
With regards to the spruce, as per the heights, 
no real substantial differences. All of the 
population, the top 20% of the control trees 
in both site preparation treatment regimes. 
 

 

 
 

 
Figure 8. Five year diameters of both fertilized (Teabag) and control trees for western red cedar, and interior 

spruce for trees from the top 20th height percentile on broadcast burned and Plant
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Five Ground Level Diameter Results 

The GLD was also analyzed using the GLDs of trees from the top 20th percentile with regards to height. 
unlike the general population, only the GLDs for the fertilized western red cedar 

re larger than the control.  In the broadcast burn ground the GLDs for the fertilized trees 
are actually smaller than the control. However, similar to the general population, the trees with the greatest 
GLDs were the fertilized trees Planted-as-is.   

as per the heights, all of the GLDs of the top 20% were similar 
no real substantial differences. All of the GLDs were within 1.5 mm of each other.  Unlike the general 

of the control trees actually had slightly larger GLDs than the teabag fertilized trees 
in both site preparation treatment regimes.  

s of both fertilized (Teabag) and control trees for western red cedar, and interior 

spruce for trees from the top 20th height percentile on broadcast burned and Plant-as-is (PAI) ground.
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The GLD was also analyzed using the GLDs of trees from the top 20th percentile with regards to height.  
unlike the general population, only the GLDs for the fertilized western red cedar 

re larger than the control.  In the broadcast burn ground the GLDs for the fertilized trees 
, the trees with the greatest 

s of the top 20% were similar to each other with 
Unlike the general 

actually had slightly larger GLDs than the teabag fertilized trees 

 

s of both fertilized (Teabag) and control trees for western red cedar, and interior 

is (PAI) ground. 

Year 5 Results -

Control

Teabag

- Control
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Volume – Year Five Results
 

Seedling volume is a function of both seedling height and diameter.  It is calculated in order to give an 
estimate of the above ground biomass of the seedling (including foliage).  
the sturdier the tree.  In addition, because it relates t
should in turn have greater growth performance
and stem diameter for storage, should translate into increased future performance. 

following formula: (1/3 x π x ((ground level diameter/2)
 

After five growing seasons: 
 

• Sx had the greatest volume
approximately 70% greater

• The Cw Planted-as-is and
average 28-33% greater than the other treatment combinations.

• The broadcast burn treatment combined with teabag fertilization at the time of planting 
Sx trees with volumes on average 

• In the Plant-as-is ground, the average teabag fertilized 
the control trees.  The same held true for those in the broadcast burned ground.

• The teabag fertilized Cw and Sx Planted
controls planted in the broadcast burned ground. 

• The teabag fertilized Cw planted in the broadcast burned ground had volumes virtually the same as 
the control trees Planted
6% greater volume than the Sx control Planted

•  None of the volume differences were statistically significant (p=0.05).   (See Appendix I for 
statistical data).  

 

Figure 9. Fifth year volumes of both fertilized 
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Year Five Results 

s a function of both seedling height and diameter.  It is calculated in order to give an 
estimate of the above ground biomass of the seedling (including foliage).  Generally, the greater the volume,

In addition, because it relates to total biomass of the tree, trees with a greater volume 
should in turn have greater growth performance. That is, greater foliar biomass for carbohydrate production 
and stem diameter for storage, should translate into increased future performance. It is ca

x ((ground level diameter/2)2 x height = volume (cm3). 

volume of the crop trees, while Cw had the smallest. The Sx

greater volume than the Cw. 

is and fertilized at the time of planting created Cw trees with 
% greater than the other treatment combinations. 

treatment combined with teabag fertilization at the time of planting 
s on average 5-11% greater than the other treatment combinations.

ground, the average teabag fertilized Cw and Sx tree volumes were greate
.  The same held true for those in the broadcast burned ground. 

The teabag fertilized Cw and Sx Planted-as-is had greater volumes on average than the 
planted in the broadcast burned ground.  

Cw planted in the broadcast burned ground had volumes virtually the same as 
the control trees Planted-as-is. The teabag fertilized Sx planted in the broadcast burned ground had 
6% greater volume than the Sx control Planted-as-is. 

differences were statistically significant (p=0.05).   (See Appendix I for 

Fifth year volumes of both fertilized (Teabag) and control trees for western red 

on both broadcast burned and Plant-as-is (PAI) ground 
 

Cedar Spruce

Volume - Year 5 Results

PAI 

PAI 

Burn 

Burn 

                                             15 

March 11, 2008 

s a function of both seedling height and diameter.  It is calculated in order to give an 
he greater the volume, 

o total biomass of the tree, trees with a greater volume 
for carbohydrate production 

It is calculated using the 

Sx on average had 

at the time of planting created Cw trees with volumes on 

treatment combined with teabag fertilization at the time of planting produced 
% greater than the other treatment combinations. 

s were greater than 

on average than the Cw and Sx 

Cw planted in the broadcast burned ground had volumes virtually the same as 
is. The teabag fertilized Sx planted in the broadcast burned ground had 

differences were statistically significant (p=0.05).   (See Appendix I for 
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Top 20% – Year Five 
 
The volume was also analyzed using the volumes of trees from the top 20th percentile with regards to height. 
Upon review of the data, unlike the general population, only the volumes for the fertilized western red cedar 
trees Planted-as-is were larger than the control.  In the broadcast burn ground the volumes for the fertilized 
trees are actually smaller than the control. Like the genera
GLDs were the fertilized trees Planted
treatment regimes. 
 
With regards to the spruce, most 
substantial differences. Surprisingly, 
larger than the other treatment regimes)
fertilized spruce in the broadcast burned ground were larger than the control, although only slightly.

 

 
Figure 10. Five year volumes of both fertilized (Teabag) and control trees for western red cedar and interior 

spruce for trees from the top 20th height percentile on broadcast burned and Plant
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Five Volume Results   

The volume was also analyzed using the volumes of trees from the top 20th percentile with regards to height. 
unlike the general population, only the volumes for the fertilized western red cedar 

is were larger than the control.  In the broadcast burn ground the volumes for the fertilized 
trees are actually smaller than the control. Like the general population however, the trees with the greatest 
GLDs were the fertilized trees Planted-as-is.  They were actually 50 – 90% larger than those in the other 

 of the volumes of the top 20% were similar to each other 
Surprisingly, unlike the general population, the treatment with the great

larger than the other treatment regimes) was the control spruce planted-as-is.  Like the general population the 
zed spruce in the broadcast burned ground were larger than the control, although only slightly.

of both fertilized (Teabag) and control trees for western red cedar and interior 

spruce for trees from the top 20th height percentile on broadcast burned and Plant-as-is (PAI) ground.
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The volume was also analyzed using the volumes of trees from the top 20th percentile with regards to height. 
unlike the general population, only the volumes for the fertilized western red cedar 

is were larger than the control.  In the broadcast burn ground the volumes for the fertilized 
l population however, the trees with the greatest 

90% larger than those in the other 

ach other with no real 
greatest volume (10% 

Like the general population the 
zed spruce in the broadcast burned ground were larger than the control, although only slightly. 

 

of both fertilized (Teabag) and control trees for western red cedar and interior 

is (PAI) ground. 

Control

Teabag

- Control
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Foliar Nutrient Analysis – Year Five Results 
 

Results for the foliar nutrient analysis following the fifth growing season.   
 

After the Year Five growing season: 
 
 

• Regardless of treatment, nitrogen is below minimum requirements for both species 

• Magnesium, sulphur, iron, and boron are consistently below desired minimum levels for both 
species regardless of treatment regime.  The only exception to this is the control cedar in the 
broadcast burn ground. 

• For Cw, zinc levels are consistently inadequate except for the control Cw Planted-as-is which has 
marginal zinc levels. 

• Potassium was below the desired minimum for Cw if it was Planted-as-is, and was marginal in the 
broadcast burn ground.  

• For Sx, sulphate levels may be inadequate for all treatments except for the control trees planted in 
the broadcast burn ground.  For Cw, it appears that sulphate levels may be inadequate if they were 
Planted-as-is.  

• Cw and Sx planted in the broadcast burn ground had higher sulphate levels than those 

Planted-as-is.     

 

2007 

Western Red Cedar 

  Control Teabag 

Minimum
3 

Plant-As-Is Burn Plant-As-Is Burn 

Macro Nutrients - %           

Nitrogen 1.45 1.11
1
 1.11 1.08 1.11 

Phosporous 0.16 0.19 0.21 0.18 0.20 

Potassium 0.80 0.73 0.80 0.66 0.84 

Calcium 0.25 0.67 0.78 0.70 0.76 

Magnesium 0.14 0.12 0.14 0.13 0.12 

Sulphur 0.16 0.082 0.16 0.073 0.11 

            

Micro Nutrients - 
ppm           

Iron 50 35 38 36 41 

Manganese 25 87 69 45 69 

Zinc 15 15 14 14 13 

Copper 3 7 6 6 7 

Boron 20 8 13 5 15 

S04-S
2 

80
4 

82 105 61 99 

N/S Ratio 14.6 Max
5 

13.5 6.9 14.8 10.1 

* Note: S deficiency likely to be induced by N fertilization if pre-fertertilization N:S > 12 
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2007 

Interior Spruce 

  Control Teabag 

Minimum
3 

Plant-As-Is Burn Plant-As-Is Burn 

Macro Nutrients - %           

Nitrogen 1.45 1.25
1 

1.10 1.18 1.14 

Phosporous 0.16 0.20 0.25 0.20 0.25 

Potassium 0.50 0.51 0.61 0.59 0.59 

Calcium 0.20 0.53 0.45 0.63 0.43 

Magnesium 0.12 0.09 0.09 0.1 0.08 

Sulphur 0.16 0.089 0.094 0.09 0.084 

            

Micro Nutrients - 
ppm           

Iron 50 38 38 40 36 

Manganese 25 334 238 264 220 

Zinc 15 60 42 51 46 

Copper 3 6 6 6 5 

Boron 20 6 11 9 13 

S04-S
2 

80
4 

47 109 60 71 

N/S Ratio 14 Max
5
 14.0 11.7 13.1 13.6 

* Note: S deficiency likely to be induced by N fertilization if pre-fertertilization N:S > 12 

 

Table 1. Data from foliar nutrient analysis at the end of the fifth (2007) growing season.  

Macronutrients (Macros) are in percent and micronutrients (Micros) are in parts per million (ppm) 
 
1
 Values bolded in red are considered to be below adequate levels 

 
2 Available sulphate.  It is the predominant Sulphur form taken up by plants and has been found to be a better 
predictor of foliar Sulphur status than Sulphur alone. This Sulphur reserve is available to act with nitrogen in 
protein formation and growth (Kishchuk et al. 2002)  
 
3 Adequate values from Carter, 1992  
 
4 Threshold value for Douglas-fir (Turner et al. 1977).  May not accurately apply to all species but perhaps 
can be used as a guide.  The threshold for Pli is 60 ppm (Brockley 2000).   
 

5 
Rob Brockley’s work with Pli (Brockley 2000) showed that N:S ratios can also be valuable predictors for 

growth response from fertilizer.  When ratios were greater than 12, growth responses increased with the 
addition of sulphur to the fertilizer mix, rather than just adding nitrogen alone.   The values calculated above 
may be another indicator of sulphur deficiencies for the Cw and Sx as well. 
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Vigour – Year Five Results 

  
Results for tree vigour after the Year 5 growing season.  See Appendix C for definitions of each category. 
 

After the Year Five growing season: 
 
Vigour 

• For Cw, there were approximately 40% more trees planted in broadcast burned ground with good 
vigour than the trees Planted-as-is.  For Sx there were approximately 28% more trees Planted-as-is 
with good vigour than those planted in the broadcast burned ground.  

• For both Cw and Sx, there were more trees with good vigour that were fertilized at the time of 
planting than not fertilized at all. The difference was much greater for the Sx. 

• For Cw, the treatment regime that had the most trees with good vigour was the broadcast burned 
ground fertilized at the time of planting.  

• For Sx, the treatment regime that had the most trees with good vigour was the Planted-as-is ground 
with teabag fertilizer.   

•  Sx had more than double the number of trees with good vigour than the Cw. 
Mortality 

• For Cw, the seedlings Planted-as-is had higher mortality than those planted in the broadcast burned 
ground.  For Sx the number of dead trees was equal for both the Plant-as-is and broadcast burned 
ground. 

• For Cw, the fertilized trees Planted-as-is had almost double the mortality of the other treatments 
which had essentially the same amount.  For Sx, the fertilized trees had 67% less mortality than the 
controls. 

• The Cw suffered approximately three times the mortality than the Sx. Essentially 30% of the Cw 
were dead by year five vs. 10% of the Sx. 

 

Western Red Cedar 

Control (%) Teabag (%) Totals (%) 

Plant-As-Is Prep Plant-As-Is Prep Plant-As-Is Prep 

Good 18 23 18 27 36 50 

Moderate 41 36 25 37 66 73 

Poor 14 13 7 5 21 18 

Moribund 4 3 4 5 8 8 

Dead 22 25 45 26 67 51 

Interior Spruce 

Control (%) Teabag (%) Totals (%) 

Plant- As-Is Prep Plant-As-Is Prep Plant-As-Is Prep 

Good 46 35 58 46 104 81 

Moderate 32 41 24 36 56 77 

Poor 8 10 10 10 18 20 

Moribund 2 1 0 1 2 2 

Dead 12 13 8 7 20 20 

 

Table 2. Comparison of vigour between site preparation treatment regimes at the end of the Year Five 

growing season on both broadcast burned and Plant-as-is (PAI).  Vigour is expressed as the percentage 

(%) of the total number of trees for both species. 
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Competitive Status – Year Five Results 
 

Competing vegetation consists mainly of a complex of herbaceous vegetation consisting of fireweed 
(Epilobium angustifolium), and Lady fern (Athyrium felix-femina) combined with numerous scattered shrub 
species such as raspberry (Rubus idaeus), red elderberry, (Sambucus racemosa), and thimbleberry (Rubus 

parviflorus).  Herbaceous species cover approximately 60-80% of the area and average 90 cm tall with 
fireweed being up 150 cm tall.  Shrub species cover approximately 5-10% of the area and were on average 
approximately 90 cm tall.  Vegetation was heavy on both the broadcast burned and Plant-as-is ground, 
however the vegetation was considered heavier on the broadcast burned ground as it had a much higher 
component of fireweed, which was much taller than the other competing vegetation species. Any benefits 
from the broadcast burn to knock back the competing vegetation were essentially over by year two as by that 
time it had basically recovered.    
 

After the Year Five growing season.  (See Appendix C for definitions of each category). 
 

• For both the Cw and Sx, there were more trees free of vegetation that were planted in broadcast 
burned ground vs. those that were Planted-as-is. For Cw, the difference was much more substantial. 

• For Cw there were slightly more fertilized trees free of competing vegetation than control trees 
planted into the same type of site preparation treatment.  The same holds true for Sx Planted-as-is, 
however there were slightly more control trees planted in the broadcast burned ground free of 
competing vegetation than fertilized trees 

• For Cw, the fertilized seedlings planted into the broadcast burned ground had the most trees free of 
vegetation.  For Sx, it was the control trees planted in the broadcast burned ground.    

• There were 64% more Sx free of competing vegetation than Cw. 

 

Western Red Cedar 

Control (%) Teabag (%) Totals (%) 

Plant-As-Is Prep Plant-As-Is Prep Plant-As-Is Prep 

Vegetation Free 15 22 19 25 34 47 

Threatened 53 43 26 41 79 84 

Overtopped 9 9 7 6 16 15 

Suppressed 1 1 3 2 4 3 

Dead 22 25 45 26 67 51 

Interior Spruce 

Control (%) Teabag (%) Totals (%) 

Plant-As-Is Prep Plant-As-Is Prep Plant-As-Is Prep 

Vegetation Free 30 35 34 34 64 69 

Threatened 50 45 48 49 98 94 

Overtopped 7 4 10 9 17 13 

Suppressed 1 3 0 1 1 4 

Dead 12 13 8 7 20 20 

 

Table 3. Comparison of competitive status between fertilized and control trees at the end of the Year 
Five growing season on both broadcast burned and Plant-as-is (PAI).  Competitive status is expressed 

as the percentage (%) of the total number of trees for both species 
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Pest Damage – Year Five Results 

 

 
Western red cedar 

 
At the end of five years, pest/damage incidence was substantial for the surviving western red cedar.  The most 
significant damage on the surviving cedar was from vole browsing and physical damage resulting in swept 
stems.  Swept stems are quite common in young cedar , however, it is notable that the incidence of this 
damage was much higher in the ground that was Planted-as-is (32% of the surviving Planted-as-is Cw were 
swept vs. 13% of the surviving Cw planted in the broadcast burn). Perhaps this was due to the downhill 
movement of slash in the winter under heavy snow pressing it against the seedling.  The cedar is expected to 
overcome this with time. Swept stems were similar between the fertilized and unfertilized trees.   
 

 
 

Figure 11. Photo showing slash loading in the Plant-as-is ground 
 
Also of note is the fact that the vole damage for the surviving trees is also higher in the Plant-as-is ground.  
This is most likely due to the fact that the slash provided good habitat and cover for the voles. However, as 
long as browsing does not continue, previous vole damage is expected to be overcome with time as the trees 
heal over.  In fact, vole browsing appears basically to be finished given that there is not a lot of new damage. 
The cedar also already appear to be overcoming it as in most cases the tops of the vole damaged trees look 
fine with good foliage and growth. Not until the lower stem is examined is the vole damage even noted.  
Comparing surviving fertilized and unfertilized trees in the Plant-as-is ground, the unfertilized trees had more 
than two times the vole damage as the fertilized trees.  
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With regards to vole browsing causing cedar mortality, it was stated in earlier Thunder River trial reports that 
the high mortality of the fertilized cedar in the Plant-as-is ground was not known (Kiiskila 2005).  However, 
due to the heavy slash loading providing habitat, the high degree of vole browsing on the surviving trees, and 
other vole browsing mortality occurrences within the North Thompson valley area, it is highly suspected that 
vole browsing was responsible for the damage.  The other potential damaging agent could have been frost, a 
damaging agent also responsible for wiping out cedar plantations within the Thunder River valley, but 
generally the dead trees are still present the following year and many times the base of the seedling will 
survive and may even re-sprout. 
 
Cedar leaf blight (Didymascella thujina), or Keithia foliar disease, caused some minor damage on the cedar 
on all of the treatment regimes except for the fertilized seedlings planted in the broadcast burned ground, 
which were not infected at all. Approximately 3% of the cedar trees Planted-as-is were hit versus 16% of the 
surviving control cedar planted in the broadcast burn ground.  
 

Keithia Foliar Disease Typical Cedar Vole Damage   
 

Figure 12. Photos showing western red cedar damaging agents 
 
Other minor impacts to the western red cedar included frost damage, snow press, as well as dead and multiple 
tops.  None of these could really be attributed to a particular treatment regime. 
 

 
Table 4. Pest incidence (actual number of surviving trees impacted by a particular pest) after five 

growing seasons for cedar site preparation (Broadcast Burn, PAI) and fertilization (Control and 

Teabag) treatments. 

 

Pest/Damage Type 

Treatment Frost 
Bent 
Stem/
Sweep 

Snow/
Veg. 

Press 

Vole Damage Cedar 
Leaf 

Blight 
(Keithia) 

Dead 
Top 

Fork/ 
Multiple 

Top 

Spruce 
Weevil 

Old New 

Cedar  
Control - PAI 1 21  27  4 3 4  

TB – PAI 2 22  12 1 3 5 2  
Control - Burn  8  11 3 12 2   

TB - Burn 2 12 3 9   1   

Total 5 63 3 59 4 19 11 6  
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Interior Spruce 
 
Spruce also had issues with swept stems and, like the cedar, the incidence was much higher in the ground 
Planted-as-is (16% of the surviving trees) than in the broadcast burn ground (9% of the trees).  Once again 
this is most likely the result of slash being forced down onto the trees by the snow.  The number of swept 
stems was similar between fertilized and unfertilized trees.  It is anticipated that the spruce will eventually 
outgrow this defect. 
 
Other minor defects that affected the spruce were minor amounts of snow/vegetation press, dead and broken 
tops, and spruce weevil.  None of these issues could be attributed to a particular treatment regime.   
 

 

Table 5. Pest incidence (actual number of surviving trees impacted by a particular pest) after five 

growing seasons for spruce site preparation (Broadcast Burn, PAI) and fertilization (Control and 

Teabag) treatments. 

  

Pest/Damage Type 

Treatment Frost 
Bent 
Stem/
Sweep 

Snow/
Veg. 

Press 

Vole Damage Cedar 
Leaf 

Blight 
(Keithia) 

Dead 
Top 

Fork/ 
Multiple 

Top 

Spruce 
Weevil 

Old New 

Spruce  

Control – PAI  16     1 2 1 
TB – PAI  12 2    2 2 2 

Control – Burn  9 3    1 4 1 
TB - Burn  7     2 1 1 

Total  44 5    6 9 5 
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RESULTS - FIVE YEAR TRENDS 
Within this section of the report, the trends noted over the five year life of the plantation are presented for tree 
height, height increment, ground level diameter (GLD), tree volume, nutrition, vigour, and competitive status. 
It should be noted that for tree height, GLD, and volume, results are portrayed in both relative (percentage) 
and in absolute (actual amounts) terms. Both reveal differences in performance, but in a slightly different way.  
It should be noted that relative gains diminish over time when fertilized and control trees are compared 
relative to one another.  This is simply a function of trees getting larger and relative gains becoming smaller 
in comparison to total tree dimensions. As previously mentioned, no particular measurement result should be 
looked at on its own, but looked at in combination with the other measurements and assessments.  See 
Appendix D for further figures showing trends over time for height, height increment, GLD, and volume.  
 
Please note that due to the indeterminate growth habit of cedar, it was not possible to accurately determine the 
height in 2006.  Although it appears as though the trees shrank between 2005 and 2006, it may also be due to 
the multiple/new leaders on a number of trees due to dieback from frost. 

Height – Five Year Trend 

 
Trends over five growing seasons: 
 

In relative terms 
 

• PAI Cw – Fertilized vs. Control - The teabag fertilized Cw Planted-as-is generally had heights greater 
than the control Planted-as-is.  However, the spread in relative height is relatively small and appears to 
getting smaller with the trees now being essentially the same height. 
 

• PAI Sx – Fertilized vs. Control – The teabag fertilized Sx Planted-as-is always had heights greater than 
the control Planted-as-is.  However, the spread in relative height is relatively small with the trees being 
generally the same height since the fall of year one. 
 

• Burn Cw – Fertilized vs. Control – The teabag fertilized Cw planted in the broadcast burned ground 
always had heights greater than the control.  The spread in relative heights has been increasing since year 
three. 
 

• Burn Sx – Fertilized vs. Control – The teabag fertilized Sx planted in broadcast burned ground always 
had heights greater than the control planted in broadcast burned ground.  The spread in relative height 
has basically been maintained since year two. 
 

• Fertilized PAI Cw vs. Control Burn – The teabag fertilized Cw Planted-as-is were generally always 
taller than the control Cw planted into the broadcast burned ground. The control trees have been catching 
up however, and the spread in relative heights has been decreasing over time to the point now where they 
are essentially the same. 
 

•  Fertilized PAI Sx vs. Control Burn – The teabag fertilized Sx Planted-as-is were always greater or 
equal in size to the control Sx planted into the broadcast burned ground. After year three the spread in 
relative heights was increasing as the fertilized trees Planted-as-is grew at a faster rate. 
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In absolute terms –  

 

• PAI Cw – Fertilized vs. Control - The teabag fertilized Cw Planted-as-is generally had heights greater 
than the control Planted-as-is.  However, the spread in absolute height is relatively small with the trees 
now being essentially the same height. 
 

• PAI Sx – Fertilized vs. Control – The teabag fertilized Sx Planted-as-is always had heights greater than 
the control Planted-as-is.  However, the spread in absolute height is relatively small with the trees being 
generally the same height since the fall of year one. 
 

• Burn Cw – Fertilized vs. Control – The teabag fertilized Cw planted in the broadcast burned ground 
always had heights greater than the control.  The spread in absolute heights has been increasing since 
year one. 
 

• Burn Sx – Fertilized vs. Control – The teabag fertilized Sx planted in broadcast burned ground always 
had heights greater than the control planted in broadcast burned ground.  The spread in absolute height 
has been increasing slightly since year two. 
 

• Fertilized PAI Cw vs. Control Burn – The teabag fertilized Cw Planted-as-is were generally always 
taller than the control Cw planted into the broadcast burned ground. The control trees have been catching 
up however, and the spread in absolute heights has been decreasing since year three to the point now 
where they are essentially the same. 
 

•  Fertilized PAI Sx vs. Control Burn – The teabag fertilized Sx Planted-as-is were always greater or 
equal in size to the control Sx planted into the broadcast burned ground. After year three the spread in 
absolute heights was increasing as the fertilized trees Planted-as-is grew at a faster rate. 

 

 

 
Figure 13. Five year trends of heights of both fertilized (Teabag) and control trees for western red 

cedar and spruce on both broadcast burned (BB) and Plant-as-is (PAI) ground.   
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Height Increment – Five Year Trend 

 
Just as important to consider as total height, is the rate at which the height of the trees is changing.  It is 
ultimately a reflection of tree vigour.  Is the fertilizer and/or broadcast burning treatment causing the 
seedlings to grow faster and thus taller over time than the unfertilized trees?  
 
Please note that determining the height increment for the western red cedar was challenging due to its 
indefinite growth and at times, multiple leaders due to dieback from frost. This made it impossible to 
accurately estimate the growth for 2006.  It is perhaps best just to treat the total growth from 2006-2007 as 
one increment and compare the height increments of the various treatments accordingly.  Due to the 
inaccuracy of the height increment data for 2006 a height increment of 1cm was assigned on the chart below.  
The total growth for 2006 and 2007 was assigned to the 2007 growth year on the chart. 
 
Trends over five growing seasons: 
 

In relative terms 
 

• PAI Cw – Fertilized vs. Control - The teabag fertilized Cw Planted-as-is had height increments smaller 
than the control Planted-as-is for the first two years.  However, during years four and five the fertilized 
trees had grown slightly more. 
 

• PAI Sx – Fertilized vs. Control – The teabag fertilized Sx Planted-as-is generally always had height 
increments greater than the control Planted-as-is.  However, the spread in relative height increments has 
varied over the time period of the trial. 
 

• Burn Cw – Fertilized vs. Control – The teabag fertilized Cw planted in the broadcast burn had height 
increments smaller than the control planted in the broadcast burn for the first two years.  However, 
between years three and five the fertilized trees had grown more and it appears that the relative spread in 
heights is increasing slightly every year. 

 

• Burn Sx – Fertilized vs. Control – The teabag fertilized Sx planted in broadcast burned ground always 
had height increments slightly greater than the control planted in broadcast burned ground.  The spread in 
relative height increment has basically been maintained since the beginning however. 
 

• Fertilized PAI Cw vs. Control Burn – With the exception of year one, the teabag fertilized Cw Planted-
as-is had smaller height increments than the control Cw planted into the broadcast burned ground for the 
first three years. The height increments for years four and five however, were greater for the fertilized 
trees.  It appears that the height in relative height increments is increasing.  

 

•  Fertilized PAI Sx vs. Control Burn – With the exception of year two, the teabag fertilized Sx Planted-
as-is always had greater height increments than the control Sx planted into the broadcast burned ground. 
The relative spread in height increment was variable over time. 
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In absolute terms –  

 

• PAI Cw – Fertilized vs. Control - The teabag fertilized Cw Planted-as-is had height increments smaller 
than the control Planted-as-is for the first two years.  However, during years four and five the fertilized 
trees had grown slightly more. 
 

• PAI Sx – Fertilized vs. Control – The teabag fertilized Sx Planted-as-is generally always had height 
increments greater than the control Planted-as-is.  However, the spread in absolute height increments has 
varied over the time period of the trial. 
 

• Burn Cw – Fertilized vs. Control – The teabag fertilized Cw planted in the broadcast burn had height 
increments smaller than the control planted in the broadcast burn for the first two years.  However, 
between years three and five the fertilized trees had grown more and it appears that the absolute spread in 
heights is increasing slightly every year. 

 

• Burn Sx – Fertilized vs. Control – The teabag fertilized Sx planted in broadcast burned ground always 
had height increments slightly greater than the control planted in broadcast burned ground.  The spread in 
absolute height increment has basically been maintained since the beginning however. 
 

• Fertilized PAI Cw vs. Control Burn – With the exception of year one, the teabag fertilized Cw Planted-
as-is had smaller height increments than the control Cw planted into the broadcast burned ground for the 
first three years. The height increments for years for and five however, were greater for the fertilized 
trees.  It appears that the height in absolute height increments is increasing.  

 

•  Fertilized PAI Sx vs. Control Burn – With the exception of year two, the teabag fertilized Sx Planted-
as-is always had greater height increments than the control Sx planted into the broadcast burned ground. 
The absolute spread of height increments was variable over time. 

 

 
 

Figure 14. Five year trends of height increment of both fertilized (Teabag) and control western red 

cedar (Cw) and interior spruce (Sx) planted on broadcast burn (BB) and Plant-as-is (PAI) ground.  
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Ground Level Diameter (GLD) – Five Year Trend 

 
Trends over five growing seasons: 
 

In relative terms 
 

• PAI Cw – Fertilized vs. Control - The fertilized Cw Planted-as-is always had GLD’s greater than the 
control Planted-as-is. The relative spread in GLD increased up until year two and has been decreasing 
each year since.  
 

• PAI Sx – Fertilized vs. Control – The teabag fertilized Sx Planted-as-is always had GLD’s greater than 
the control Planted-as-is.  The relative spread in GLD was maintaining up until year three and has been 
decreasing since that time with GLD’s now essentially the same.  
 

• Burn Cw – Fertilized vs. Control – The fertilized Cw have generally always had GLD’s greater than 
the control planted in the broadcast burned ground.  The GLD’s has essentially been the same from the 
beginning. 
 

• Burn Sx – Fertilized vs. Control – The fertilized Sx have generally always had GLD’s greater than the 
control planted in the broadcast burned ground.  The relative spread in GLD’s has been increasing 
slightly each year since year one.  
 

• Fertilized PAI Cw vs. Control Burn – The control Cw planted in the broadcast burn had larger GLD’s 
up until year three.  By year five the fertilized trees Planted-as-is had GLD’s 10% larger than the control 
planted in the broadcast burn.   
 

•  Fertilized PAI Sx vs. Control Burn – The fertilized Sx Planted-as-is larger GLD’s up until year three.  
After that time the control trees in the burn had GLD’s larger than the control planted in the broadcast 
burn and the relative spread in GLD’s appears to be increasing slightly each year.   

 

 

In absolute terms –  

 

• PAI Cw – Fertilized vs. Control - The fertilized Cw Planted-as-is always had GLD’s greater than the 
control Planted-as-is. The absolute spread in GLD has been increasing slightly each year since year two.  
 

• PAI Sx – Fertilized vs. Control – The teabag fertilized Sx Planted-as-is always had GLD’s greater than 
the control Planted-as-is.  The absolute spread in GLD was increasing slightly each year up until year 
three and decreased in year five.  
 

• Burn Cw – Fertilized vs. Control – The fertilized Cw have generally always had GLD’s greater than 
the control planted in the broadcast burned ground.  The GLD’s have essentially been the same from the 
beginning. 
 

• Burn Sx – Fertilized vs. Control – The fertilized Sx have generally always had GLD’s greater than the 
control planted in the broadcast burned ground.  The absolute spread in GLD’s has been increasing 
slightly each year since year one.  
 

• Fertilized PAI Cw vs. Control Burn – The control Cw planted in the broadcast burn had larger GLD’s 
up until year three.  At year five the fertilized trees Planted-as-is had GLD’s larger than the control 
planted in the broadcast burn.   
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•  Fertilized PAI Sx vs. Control Burn – The fertilized Sx Planted-as-is larger GLD’s up until year three.  
After that time the control trees in the burn had GLD’s larger than the control planted in the broadcast 
burn and the absolute spread in GLD’s appears to be increasing. 
 
 

 

 
Figure 15. Five year trends of ground level diameter of both fertilized (Teabag) and control western 

red cedar (Cw) and interior spruce (Sx) planted on broadcast burn (BB) and Plant-as-is ground.  
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Volume – Five Year Trend  

 
Trends over five growing seasons: 
 

In relative terms 
 

• PAI Cw – Fertilized vs. Control - The fertilized Cw Planted-as-is always had volumes greater than the 
control Planted-as-is. The relative spread in volumes increased dramatically between years one and two 
and has basically stayed the same since that time.  

 

• PAI Sx – Fertilized vs. Control – The fertilized Sx Planted-as-is always had volumes greater than the 
control Planted-as-is.  However, the relative spread in volume has been decreasing steadily since year 
one to the point by year five the volumes of the fertilized and control trees were essentially the same.  

 

• Burn Cw – Fertilized vs. Control – The fertilized Cw generally always had volumes greater than the 
control in the broadcast burned ground.  However, the size of the relative spread has varied year to year 
with no obvious trend. 

  

• Burn Sx – Fertilized vs. Control – The teabag fertilized Sx planted in the broadcast burned ground 
always had volumes greater than the control planted in broadcast burned ground. The spread in relative 
volumes however, has been decreasing steadily since year one.   

 

• Fertilized PAI Cw vs. Control Burn – The control Cw planted in the broadcast burn had larger volumes 
up until year three.  By year five the fertilized trees Planted-as-is had volumes 33% larger than the 
control planted in the broadcast burn.   

 

•  Fertilized PAI Sx vs. Control Burn – The control Sx in the broadcast burn had larger volumes up until 
year one.  After that time the fertilized trees Planted-as-is had volumes larger than the control trees 
planted in the broadcast burn and the relative spread has been increasing over time. 

 

In absolute terms –  

 

• PAI Cw – Fertilized vs. Control - The fertilized Cw Planted-as-is always had volumes greater than the 
control Planted-as-is. The absolute spread in volumes has been increasing steadily over time.  

 

• PAI Sx – Fertilized vs. Control – The fertilized Sx Planted-as-is always had volumes greater than the 
control Planted-as-is.  However, after increasing up until year three, the absolute spread in volume has 
declined by year five. 

 

• Burn Cw – Fertilized vs. Control – The fertilized Cw generally always had volumes greater than the 
control in the broadcast burned ground.  The size of the absolute spread has varied year to year with no 
obvious trend. 

  

• Burn Sx – Fertilized vs. Control – The teabag fertilized Sx planted in broadcast burned ground always 
had volumes greater than the control planted in broadcast burned ground. The spread in absolute volumes 
has been increasing slightly over time.   

 

• Fertilized PAI Cw vs. Control Burn – The control Cw planted in the broadcast burn had larger volumes 
up until year three.  By year five the fertilized trees Planted-as-is had volumes 33% larger than the 
control planted in the broadcast burn.   
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•  Fertilized PAI Sx vs. Control Burn – The control Sx in the broadcast burn had larger volumes up until 
year one.  After that time the fertilized trees Planted-as-is had volumes larger than the control trees 
planted in the broadcast burn and the absolute spread has been increasing slightly over time. 
 

 

 
Figure 16. Five year trends of volume of both fertilized (Teabag ) and control western red cedar (Cw) 

and interior spruce (Sx) planted on broadcast burn (BB) and Plant-as-is (PAI) ground.  
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Nutrition – Five Year Trend 

 
(See Appendix H for past results) 

 
Below is a description of the trends for seedling nutrition.  It should be noted that the foliage has been sent to 
different laboratories for analysis over the years which may have affected differences in the results during the 
term of the trial. 
 
Nutrient concentrations in the foliage of both species were similar between fertilized and control trees 
throughout the term of the trial regardless of whether they were Planted-as-is or planted in the broadcast 
burned ground.  The exception to this would be the increased boron levels found in the fertilized trees at the 
end of year one and two and the increase found in the fertilized trees that were Planted-as-is.   
 
Nitrogen levels were generally adequate after year one and two but by year three they were deficient.  It 
should be noted that nitrogen levels were slightly higher in the broadcast burned ground after year one but 
after that they were basically the same.  The fertilizer boosted nitrogen levels in year one for both the cedar 
and spruce in the Plant-as-is ground to levels similar to those of the trees planted in the broadcast burned 
ground. 
 
Interestingly, sulphur has been a limiting nutrient right from the beginning for both species regardless of site 
preparation regime. This is not surprising given that mineral horizons in the British Columbia interior have 
sulphur concentrations among the lowest reported in the world (Sanborn and Brockley 2005). Furthermore, 
the fertilizer utilized in this trial did not contain an input of sulphur that is available to the trees (While there 
was sulphur in the fertilizer, it was found in either the coatings or combined with other nutrients – see 
Appendix B – product label).   
 
Boron is another nutrient that tends to be limiting in the Interior of B.C.  For the control trees in the trial it 
was always limiting.  As mentioned above, the fertilizer gave a boost in boron levels for the first two growing 
seasons, but even the fertilized trees had boron deficiencies after year three.  Iron concentrations were deemed 
adequate for year one in both site preparation regimes, but were below minimum desired levels after that time 
for cedar and after year two for spruce.  Magnesium basically followed the same trend being adequate for 
both species for years one and two and inadequate after that time. Copper was the opposite as its level started 
off marginal or inadequate for the first two years regardless of treatment regime but by year three they were 
adequate.  Zinc was always adequate for spruce but varied over time with regards to its adequacy for cedar. 
 

Vigour – Five Year Trend 

 
See Appendix E for past results 
 
Western red cedar 
 
Regardless of treatment regime, the number of trees in the good category has been declining steadily over 
time. Although numbers have been similar, there have however always been more trees in the good category 
in the broadcast burned ground than in the Planted-as-is. Regardless, it is disturbing to see though that only 
18% of the cedar Planted-as-is were in the good category by year five, whether they were fertilized or not, 
and only roughly 25% of the cedar in the broadcast burned ground. 
  
With regards to mortality, all of the treatment regimes had lost approximately 25% of their trees by year five 
with the exception of the teabag fertilized cedar Planted-as-is where 45% of the cedar trees were dead by year 
five.  Most of the mortality in the Planted-as-is ground occurred between year one and two, and was most 
likely caused by voles during the winter. The slash left after harvesting provided great vole habitat and it is of 
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note that the fertilized trees suffered twice the amount of damage in that time period.  In comparison, since 
that time there has been very little mortality in the Plant-as-is ground. The biggest jump in mortality also 
occurred between year one and two in the broadcast burn ground, and although there was a higher level of 
mortality for the fertilized trees, the difference was only slight (9% vs.12%).  What caused the damage is 
unknown, but perhaps it was voles as well or frost as the Thunder River valley has had a history of killer 
frosts on this aspect and the trees would have been more exposed in the burn.  Unlike the Plant-as-is ground 
cedar tree mortality has been increasing steadily, although not rapidly over time, with twice as many trees 
dead in year five as in year two. 
 

Interior Spruce 

 
Over the term of trial the number of spruce trees in the good category declined regardless of treatment regime. 
Consistent with the western red cedar, the biggest reduction of trees in the good category was between year 
one and year two when there were only 50-60% of the number of trees in the good category as there were the 
year before.  Numbers between treatment regimes were similar, with no one treatment regime standing out 
enough that the differences could be attributed to the treatments applied.  Between years two and three the 
number of trees in the good category increased, especially in the Plant-as-is ground, with more good trees 
being attributed to the Plant-as-is ground than the broadcast burn ground. There were also slightly more 
fertilized trees in the good category than control. By year five the number of trees in the good category had 
dropped fairly substantially in all of the treatment regimes. However, there were quite a few more fertilized 
trees in the good category than the control.  There were also more trees in the good category Planted-as-is 
then in the broadcast burn ground.      
 
With regards to seedling mortality, the numbers of spruce that have died over the term of the trial has been 
fairly minor.  As per the cedar the greatest jump happened between years one and two but there were not 
many trees lost.  It is of note however, that the fertilized trees suffered slightly less than half the mortality as 
the control trees.  The number of dead trees between site preparation regimes was similar. 

Competitive Status – Five Year Trend 
 

See Appendix F for past results 
 

Western red cedar 
 
The number of trees in the free of vegetation category has generally been steadily decreasing in the Plant-as-
is ground since year one as the competing vegetation has increased. By year five there were only 19% of the 
teabag fertilized trees in the free growing category versus 15% of the control trees. In the broadcast burned 
ground the number of trees in the free growing category decreased until year three.  By year five the number 
of trees in the free of vegetation category started to increase again but still there were only 25% of the 
fertilized and 22% of the control trees that were considered free growing. The greatest drop in the number of 
trees in the free growing category in the broadcast burned ground happened between year two and three when 
the numbers dropped by over two thirds.  This is obviously the time when the fireweed and other competing 
vegetation had reached its full potential.    
 

Interior spruce 

 

As per the western red cedar, the number of spruce trees in the free of vegetation category in the Plant-as-is 
ground generally decreased steadily from year one to year five.  By year five there were slightly more teabag 
fertilized trees than control trees in the free going category (34% vs. 30%).  In the broadcast burned ground 
the trend was also the same as the cedar as the number of trees in the free growing category declined up until 
year three, when the competing vegetation had reached its full potential.  The drop in the number of trees 
which were free of vegetation in the broadcast burned ground was dramatic between years two and three as 
the numbers fell by more than half. By year five the number of trees in the free growing category had 
increased slightly as more trees started to grow above the brush.  By year five there were essentially the same 
number of teabag fertilized and control trees in the free growing category.   
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DISCUSSION 
 
When assessing silviculture trials of various kinds, foresters have a tendency to assess the success of a certain 
treatment regime by comparing crop tree heights.  Height is only one attribute of the tree however, and often 
too much emphasis is placed upon it.  This is because it is not often realized that height growth is among the 
first allocations of photosynthate (Wagner 2000). In other words, seedlings will grow taller first to overcome 
the competing vegetation as a means of survival and put on roots, foliage, and caliper only with adequate 
vigour (Smith et. al. 1986).  This is not to say that developing these other structures is also not a priority. In 
fact, maximum foliage and fine root production is critical if the tree is to achieve the objective of early 
dominance over the competing vegetation (Miller 1995).  It is just that the seedling can not develop these 
structures unless it has adequate vigour and resources. Therefore, because seedling diameter growth is more 
likely to vary with tree vigour, it is actually a better indicator of future growth performance than height 
(Wagner 2005).  However, because both attributes are important in their own right, crop tree volume, a 
reflection of both height and diameter, will be used to compare the benefits of the different treatment regimes 
used in the trial. It is the best reflection of the overall biomass, vigour, and storage capacity of a seedling. 
Producing larger volumes is also the ultimate objective of a silviculture forester.     

Growth 
 
Photos of sample trees for each species/treatment regime combination can be found in Appendix G. 
 
Western red cedar 
 
At the end of year five, as expected, the teabag fertilized cedar ended up having volumes larger than the 
controls Planted-as-is or planted into the broadcast burn. Surprisingly however, is the fact that the treatment 
regime with the largest volumes was the teabag fertilized cedar Planted-as is. Inherently one would expect 
that the teabag fertilized cedar in the broadcast burned ground would have had the largest volumes given the 
anticipated nutrient flush and increased soil warming provided by the burn.  However, this was not the case.  
It should also be remembered that although the teabag fertilized cedar Planted-as-is had the largest volumes, 
this treatment regime also had the highest mortality with essentially twice the level of mortality (45% vs. 25%) 
as the other treatment regimes.  It appears that only the strong (i.e. biggest, healthiest) fertilized trees survived 
in the Plant-as-is ground which may be why this treatment regime had average volumes 30% greater than the 
other treatment regimes.  When comparing control cedar trees in the broadcast burn ground to the control 
Planted-as-is it is interesting to see that the growth benefits were greatest in year three and by year five the 
control trees planted in the broadcast burn were actually smaller.  Therefore, it appears that the nutrient flush 
from the burn is very short lived. The teabag fertilized trees however, whether planted-as-is or planted into 
the broadcast burn ground, were still larger than the controls even though differences may be slight.  Thus, 
the fifth year growth benefits appear to be greater for teabag fertilization at  the time of planting compared to 
broadcast burning. 
 
When assessing trees from the top 20% (the trees most likely to be reflecting the benefits of a particular 
treatment) the teabag fertilized cedar Planted-as-is were still the largest, although the volumes for the 
fertilized trees in the broadcast burn ground were smaller than the control.  The reason for this may be that the 
biggest trees are more of a result of superior microsites than of a particular site preparation or fertilizer 
treatment.     
 
Interior spruce   

 
The trend for the spruce followed the same pattern as the cedar.  The fertilized trees in a particular site 
preparation treatment were larger than the control, the difference being much greater in the broadcast burn 
than the Plant-as-is ground.  As expected the fertilized spruce in the broadcast burned ground had the largest 
volumes, but only 5-10% greater than the other treatment regimes.  In the end, the volumes for each spruce 
treatment regimes were quite similar.  This is surprising given the anticipated benefits of the broadcast 
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burning and teabag fertilizer treatments. Even more surprising was the fact that volume gains from broadcast 
burning were greatest after year two, and as per the cedar, by year five the control spruce in the broadcast 
burned ground actually had smaller volumes than the control trees Planted-as-is.  The teabag fertilized trees 
however, whether Planted-as-is or planted into the broadcast burn ground, were still larger than the controls, 
even though the differences may be slight.  Thus, once again, as per the cedar, the benefits appear to be 
greater from fertilization than broadcast burning. 
 
 
When assessing the results from the top 20%, the trend is quite similar to cedar with the entire population 
having volumes close to each other.  Unexpectedly however, the control trees Planted-as-is had the largest 
volumes. As with the cedar, it is speculated that the largest trees had the best microsites, which were playing a 
larger role than a particular fertilization or site preparation treatment.   The other thing to consider with the 
spruce is the fact that it was grown from seed collected at a seed orchard.  Seedlings grown seed orchards 
tend not to have the same consistency with regards to growth potential as those sown from seed collected 
from a natural stand.  
 
Therefore, given the results for the cedar and spruce noted above it does not appear that there is any 
substantial benefit to either broadcast burning or fertilization at the time of planting on this site.  However, 
there are other factors that need to be considered which may have impacted the results, the most important of 
which is microsite quality.  The microsite forms the foundation upon which a trees growth potential is heavily 
reliant upon and can cause great variability in a seedlings growth performance.  Microsite quality varied 
widely within the Thunder River trial, not only due to terrain and soil moisture differences, but also with 
regards to slash and vegetation competition in the Plant-as-is ground. One of the limitations of Planting-as-is 
is that slash cover has the potential to force a planter into putting a tree into a spot where it can survive but 
not necessarily perform.  The slash at times, even though it can radiate heat to the tops of the trees, can also 
insulate the soil and prevent soil warming, a negative result on a site where soil temperature is limiting.  
Therefore, with regards to this trial the large variation in microsite may have impacted the results, preventing 
us from seeing the true benefits of the fertilizer or broadcast burning treatments.  However, it does perhaps go 
to show that microsite quality is of greater importance than a particular silviculture treatment and that if a 
positive response is to occur a tree must be planted in a position where it is able to respond.  With regards to 
this trial for instance, a tree must be planted in soil conditions where the soil is able to warm adequately.  Not 
only are roots able to grow and develop better in warmer soil temperatures, but the fertilizer is able to release 
more effectively.  From personal observation, differences between the fertilized and unfertilized trees was 
much greater on ridges where the soil was able to warm to a much greater degree than in lower depressions.   
 
For both species when evaluating the benefits of the fertilizer in this trial, it is also important to consider 
when the biggest benefits are occurring in the life of the seedlings.  Although at year five differences may 
seem insignificant in terms of this trial relative to the size of the trees in year two or three, even small 
absolute gains can be quite important, especially when assessed in terms of seedling volume.  In this trial, the 
largest relative gains in seedling volume by fertilizing occurred in year two or three of the trial for both cedar 
and spruce.  The fertilized cedar and spruce trees had 30-40% greater volumes respectively at this time 
(except for the fertilized cedar in the broadcast burned ground which had volumes only 9% greater). Also, the 
broadcast burn control spruce and cedar trees had volumes 50-60% greater in year three than the unfertilized 
controls Planted-as-is.  This is a critical period as it is also when the competing vegetation has essentially 
fully occupied the site and is most dominant. More robust trees are better able to cope with this situation. 
Thus, giving seedlings a boost at this critical time by fertilizing or broadcast burning may potentially result in 
better survival, reduce brushing costs, and even give them more resistance to snow press and damaging agents. 
 
   

Nutrition 
 
In the beginning of a seedlings life, nutrient accumulation is very rapid as it develops its foliage and fine roots.  
In consequence, nutritional problems are most likely to develop in the early years while the green crown is 
being developed (Miller 1995).  Although seedlings do not have high nutrient demands (amounts), for these 
reasons it is essential for good growth that they have access to balanced nutrition (Lavender et. al. 1990). 



Thunder River FAP Trial – Year 5 Results                                             36 

            March 11, 2008 

Providing seedlings balanced nutrition at the time of planting to improve growth performance was really the 
intent of the teabag fertilizer treatment and one of the anticipated benefits of the broadcast burn treatment. 
This is particularly important at the beginning of a seedling’s establishment as seedling roots have not yet 
grown out to fully utilize the site and nutrients are mostly limited to what is in the plug. Therefore, it is a 
stage when the concentration of available soil nutrients is likely to be the critical factor controlling the rate of 
crown development and responses to a wide range of nutrients can be expected (Miller 1981).  It is also at this 
time when judicious fertilizer application can most influence the development of the stand, perhaps saving 
many years of rotation length (Miller 1981). Trees suffering from a deficiency of an applied element typically 
show growth responses lasting five to ten years (Miller 1981). 
 
Both tree species showed an increase in nutrient concentrations within their foliage after the first growing 
season if they were teabag fertilized and Planted-as-is. In particular, nutrients enhanced were nitrogen and 
boron, with nitrogen levels basically being brought up to the same level as the trees planted in the broadcast 
burn.  However, fertilizing trees in the broadcast burned ground did not increase foliar nutrient levels with the 
exception of boron.  Adding more of a good thing appears to really have been of little benefit in the broadcast 
burned ground unless the nutrient is still limiting even with the nutrient flush provided by the burn.  When 
comparing nutrition levels of the control trees in the broadcast burn ground with controls Planted-as-is, once 
again the big benefit provided by the burn was the increase in nitrogen levels.  Manganese and iron levels 
were also increased but the other nutrients were still essentially the same. It should be noted that after the first 
year, nutrient concentrations became progressively similar over time regardless of treatment regime.  This is 
actually to be expected as after a while the trees are starting to reflect the nutrients present on site as they 
become more established.  This especially true after the second growing season when the fertilizer and 
nutrient flush of the broadcast burn are essentially gone.  The other reason for similar nutrient concentrations 
after the first year is the dilution effect (Ballard 1986).  The fertilized trees have more biomass after the first 
growing season and the increased nutrients have been spread over a greater amount of foliage.   
 
Just as important to consider, in addition to the general improvement of seedling nutrition from fertilization, 
is whether there were still any deficiencies present for certain nutrients even after fertilization occurred.  Even 
though a seedling may not need a lot of a particular element, deficiencies can inhibit their ability to produce 
essential compounds critical for growth and defense. As revealed in the foliar analysis data, sulphur was 
limiting in both species throughout the term of the trial regardless of treatment combination, even for the 
fertilized trees and those in the broadcast burn. This is a critical deficiency because sulphur is an important 
component of amino acids and proteins essential for plant growth. It is also a nutrient that must be maintained 
in proper balance with nitrogen if trees are to respond to nitrogen inputs. This is shown by the limited growth 
response in lodgepole pine when only nitrogen is added and sulphur is found to be deficient (Brockley 2005). 
Unfortunately, neither the Bio-pak teabag fertilizer nor the broadcast burn treatment provided sulphur in a 
form available to the tree. Thus, due to this critical deficiency still not having been addressed, one would 
expect that growth responses observed in the trial are not what they might have been.  In fact, numerous 
studies conducted in the interior if British Columbia with lodgepole pine and Douglas-fir confirm that 
additional gains in growth response can be obtained with the addition of sulphur in the fertilizer blend if it is 
found to be limiting (Brockley 2000, 2004, 2006, Kishchuk 2002, Sanborn and Brockley 2005). Although 
still relatively new, use of fertilizer blends containing sulphur appear to be improving seedling performance 
when compared to use of the Bio-pak or other blends not containing sulphur. That being said, it should be 
noted that there are varying forms of sulphur that a fertilizer blend can contain and certain forms are much 
more effective than others at providing the sulphate that is actually utilized by the tree. Addressing other 
nutrient deficiencies that became apparent over time with a better fertilizer blend, will also likely result in 
further growth improvements.    
 
In addition, as mentioned above, the other limiting factor that may have played a role in the limited growth 
response of the fertilized trees could have been the polymer coating on the fertilizer prills. The coating 
controls the release of the fertilizer and pores within it open as the temperature of the soil warms. The thicker 
the coating, the higher the soil temperature required to open the pores to release the fertilizer nutrients.  From 
discussions with the teabag manufacturer, Reforestation technologies International, the coating on the Bio-
pak fertilizer may have been too thick to release the fertilizer effectively enough in the colder soil conditions 
of the Thunder River drainage.  It is interesting to note that response to the Bio-pak fertilizer was much 
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greater in the Lemieux Creek fertilizer trial, south of Clearwater, BC, where soil temperatures are 
significantly warmer (Bucher 2008). 
 

Vigour and Competitive Status 

 
The number of trees with good vigour was generally in decline overall for both the cedar and the spruce 
during the term of the trial, although the spruce did have a small increase in the number of trees with good 
vigour between years two and three regardless of treatment. This is most likely a result of the impacts of the 
competing vegetation starting to be felt over time as it became more established and the crop trees became 
overtopped. It should be noted though that for both the cedar and the spruce in the broadcast burned ground, 
despite the number of trees in the good vigour category declining between years three and five, the number of 
trees in the free growing category increased as it appears the trees are starting to overcome the competing 
vegetation. There were also more free growing trees in the broadcast burn ground at this time for both tree 
species than in the Plant-as-is ground. Therefore it does appear that the broadcast burn is providing some 
benefit to the trees over the long term versus the Plant-as-is treatment.  This may be the result of increased 
soil warming provided by the darker soil surface as well by freeing up superior microsites by eliminating the 
slash cover. The fertilizer also appeared to have a positive effect on tree vigour and competitive status as 
there were generally more fertilized trees in the good vigour and free growing categories than controls for 
both species regardless of site preparation treatment.  The enhanced nutrition, despite the limitations of the 
applied fertilizer, does appear to be helping the trees establish and compete better.  When the species were 
compared against each other the spruce always had substantially better vigour and numbers of free growing 
trees than the cedar regardless of treatment.  The spruce is obviously quicker to establish and initially able to 
deal with the vegetation competition. 
 
Given the cedar’s struggles with the competing vegetation versus the quicker establishing spruce, one can see 
that the ability of the seedling to overcome the competing vegetation quickly is important to both its 
performance and establishment.  Tree vigour in the trial was directly related to a trees competitive status.  
Trees lost in the brush were nowhere near as vigourous as those that were open-grown.  Loss of vigour is 
concerning as trees that lose their vigour take even longer to get above the competing vegetation.  Therefore, 
it is critical to get the tree above the competing vegetation as soon as possible if it is to perform and achieve 
free-growing status in a reasonable period of time.  Based on this trial, and the one at Pyramid Creek (Bucher 
2007), tree establishment must occur on these sites within the short two year window after harvesting before 
the brush fully occupies the site. Otherwise costs will start to become intolerable. Enhancing the trees 
response to the fertilizer treatment by modifying the fertilizer blend used so that it releases more effectively in 
these colder soils and addresses all of the nutrient limitations of the site, may make the difference in allowing 
the tree to acquire bio-mass faster in order to overcome this competing vegetation sooner.  
 
With regards to seedling mortality, it has been suggested by some that fertilizing trees can increase mortality. 
Although this is quite true for the teabag fertilizer if it is wrongly placed in the same hole as the seedling plug, 
there is little evidence to suggest this from this trial. This is despite the fact that the trees were planted into the 
hottest and driest growing conditions of the past thirty years.  These are conditions when there is the greatest 
risk of fertilizer damage due to the residual salt left behind as the fertilizer releases.  Although there were 
slightly higher levels of mortality for the teabag fertilized cedar in the broadcast burn ground when compared 
to the control, differences were slight and certainly not dramatic enough to cause concern.  Even the dramatic 
difference in mortality between fertilized and control cedar in the broadcast burn ground could not be directly 
be attributed to the fertilizer itself as mortality differences were most likely the result of vole feeding.  For the 
spruce the fertilizer appears to have enhanced survival as the number of dead trees after five years was less 
for the fertilized trees regardless of site preparation treatment.  When the species were compared against each 
other the control cedar had approximately double the mortality of the control spruce regardless of site 
preparation treatment and roughly four to five times the damage of the spruce if the spruce was fertilized. 
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Pest Damage 
 
Of the two tree species, cedar suffered more than twice the damage as the spruce.  This trend is consistent 
with the Pyramid Creek Trial (Bucher 2007) where the cedar suffered substantially higher damage and higher 
mortality than the spruce.  The main reason for this in Thunder River was cedars’ susceptibility to both vole 
browsing and cedar leaf blight (Keithia). Vole damage was of particular concern for the cedar in the Plant-as-
is ground as there was twice the incidence of vole browsing there than in the broadcast burn area.  This is 
most likely the result of the habitat provided by the slash cover which could protect the vole population.  
Within the Plant-as-is area itself, at first glance it appears that the fertilizer may have enhanced the 
palatability of the cedar. There were twice as many fertilized trees browsed and killed between year one and 
year two, most likely by voles, than control trees.  However it should also be noted that this browse mortality 
and damage may also have been related to another factor, such as a seedlings’ proximity to slash cover, and 
not necessarily the fertilizer. It is interesting to see that the number of cedar browsed by voles was roughly the 
same in the broadcast burned ground and in the nearby Pyramid Creek fertilizer trial whether the cedar were 
fertilized or not (Bucher 2007). It is also worth noting that the surviving fertilized cedar trees suffered less 
than half the damage as the controls.  The fact that the fertilizer may have made the trees more palatable is 
still something that is worth consideration though.  Regardless, the amount of vole damage sustained by the 
cedar in both trials, regardless of fertilizer treatment, even if the cedar is still alive and appears to be 
recovering well and is not severely hindered by the damage, is very concerning. Using a fertilizer blend with 
a component of sulphate to assist the cedar in building its chemical defenses is strongly recommended.  From 
personal experience it is interesting to see that cedar seedlings that were planted prior to the vole population 
explosion after the McLure Fire near Barriere, B.C., and fertilized at the time of planting with a blend of 
fertilizer containing sulphate, were essentially not touched.  To confirm if the sulphate was indeed enhancing 
secondary metabolite production foliar analysis was conducted. Results were then compared with those of 
foliage collected from cedar planted in the Pyramid Creek trial that were being browsed by voles.  Results 
confirming that they indeed were two very different trees suggest that the sulphate was enhancing a trees 
ability to defend itself. With regards to Keithia damage the fertilizer may be providing some advantage to the 
tree to defend itself by increasing vigour as in the broadcast burned ground there were twelve (12) cedar hit 
with the disease versus none in the fertilized trees.  This is not conclusive however, as the amount of Kethia 
damage was similar in the Plant-as-is ground. 
 
Cedar also had more stem defects than the spruce.  In some ways this is not surprising given cedars 
characteristic of having a sweep at the base of the stem.  However, it is of note that for both the cedar and the 
spruce approximately twice the stem defects occurred in the Plant-as-is ground as in the broadcast burned 
ground.  It appears that the movement of slash under the weight of the creeping, heavy winter snow is having 
an impact on the trees.  Microsites are also more limited after harvesting in the Plant-as-is ground forcing the 
planter to sometimes place trees in situations where they are prone to be impacted by moving slash.  
Removing the lighter tree branches and foliage prone to movement is certainly an advantage provided by the 
broadcast burn.  At the end of the day though, these defects can be still be overcome by the tree.  
 
Last, spruce leader weevil (Pissodes strobi) has made an appearance on the site but nothing that is of concern 
for the time being.  As they frequency of attack was similar between treatment regimes, there does not appear 
to be an advantage of one treatment regime over another for susceptibility or deterrence.   It is not anticipated 
that this will be a large issue over time. 

Productivity and Site Index 

 
Unfortunately it is too early in the life of the trial to estimate the site index of the various treatments.   
However it does not appear from the data that there are any significant differences between treatment regimes 
and it appears that volumes will remain fairly even well into the future.  However, these results must be taken 
into context remembering that they came from this one particular site.  Before determining the value of a 
particular site preparation treatment, the site limiting factors must be identified, with benefits expected to 
occur to the degree that the limiting factors are addressed.  In other words, there are situations where a 
broadcast burn may be very effective in improving seedling growth and establishment, but the trial results do 
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indeed confirm that it is not necessary everywhere.  The same applies to the fertilizer.  Given the fact that its 
release may have been too slow for these particular soils and that the fertilizer didn’t address all of the 
limiting nutrients, sulphur in particular, it is predicted that growth responses would have been more 
substantial if all of the gaps had been covered.   

  

CONCLUSIONS 
  
The ultimate objective of the trial was to assess whether fertilization at the time of planting will increase 
seedling height and stem diameter in wet-belt ecosystems in the interior of British Columbia.  If so, will this 
reduce or eliminate the need for broadcast burning or brushing in these types of ecosystems and allow the 
trees to overcome competing vegetation sooner?  
 
From the results of the trial it is not clearly evident that fertilization at the time of planting with this particular 
blend of fertilizer was giving the trees the initial growth advantage desired.  However, that being said, due to 
the high degree of microsite variation within the trial area and given the importance of a good microsite to 
give the tree the ability to respond to a particular treatment, differences between fertilized and control 
treatments may have become more evident in a situation where microsite quality was equal.  That seems to be 
confirmed by visual observations of trees planted on ridges or raised areas where all microsites were 
generally favourable and where greater differences between treatment and control trees occurred.  In fact, one 
of the great messages received from the trial data is that in order to maximize the benefit of a silviculture 
treatment, all of the site limiting factors must be addressed.  Fertilization addresses seedling nutrition but does 
nothing to enhance other potential microsite limiting factors or to reduce competing vegetation.  It is only one 
part of a silviculture regime designed to address multiple limiting factors. It is not a substitution for effective 
site preparation or vegetation management.  Last, one very important finding of the trial is that for both 
species adding this particular blend of fertilizer to the seedling in a broadcast burning treatment, did not 
provide any substantial gains in volume (4% for the cedar vs. 11% for the spruce).  This makes sense 
considering the nutrient flush provided by the burn.  Adding additional nutrients that are not limiting is of no 
benefit as the tree can only use so much.  However in this case, if the fertilizer provided sulphate, given its 
importance to seedling nutrition and the fact that it was limiting on site, differences in volume may have been 
achieved if the seedling was planted in a microsite where it could respond. Lightening the fertilizer coating so 
that it releases more effectively in colder soils, may also have enhanced response to the fertilizer. 
 
The other important thing to consider is the damage and mortality sustained by the trees in a particular 
treatment.  Of the two species, cedar suffered more than twice the mortality and two and a half times the 
damage incidence of the spruce.  It also had substantially fewer trees with good vigour and free growing 
status in year five.  This confirms that it truly can be a challenging tree to establish.  Of greatest concern for 
the cedar was the amount of vole damage and mortality it sustained (most likely from voles) in the Plant-as is 
ground.  Removing the slash (i.e. the vole habitat and cover) by burning a site does appear to assist in 
preventing this type of damage.  Providing the cedar readily available sulphur (sulphate) in the fertilizer blend 
may also assist it in resisting pest damage.  The other benefit to removing the slash is that the trees in the 
broadcast burn ground had fewer stem defects than those in Planted-as-is in the slash.  It certainly appears 
that the slash is resulting in loose logging debris rolling onto the seedlings.  It should be noted however that 
most of these defects are fairly minor and will be overcome with time.  Lastly, it is of note that for the spruce, 
the fertilized trees had less mortality than the controls regardless of site preparation treatment. 
 
Despite the benefits obtained by removing the slash on a site, if funds are limiting and only one treatment 
could be applied in this circumstance, even with the increased damage from slash movement and mortality 
from voles, fertilization at the time of planting would appear to be the best choice, especially considering that 
the control trees in the broadcast burn ground had smaller volumes than the controls and fertilized trees 
Planted-as-is at year five. Increases in volume provided by the burn were short lived and starting to wear off 
by year three. Even though the largest gains from the fertilizer also appeared to be short-lived and were 
wearing off by year two or three, unlike the burn the fertilizer can easily be modified to address the sulphur, 
and other potential nutrient deficiencies, to provide additional, longer lasting benefits. Fertilization at the time 
of planting is also substantially cheaper and much easier to implement.  Costs for fertilization at the time of 
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planting with teabag fertilizer are approximately $225/ha vs. $1000/ha for this particular burn.  Depending on 
site limitations, costs for broadcast burning can easily be much higher.  Burning can also be very complicated 
to implement due to burn window limitations, associated liabilities, and site conditions such as block shape, 
slope, leave trees, etc.  Broadcast burning also removes the seed bank and any advance regeneration that may 
be left behind after harvesting. Reflecting on the results of the trial, it is really a tool that should only be used 
when slash loading makes the re-establishment of trees prohibitive or it addresses another site limiting factor 
such as vegetation.   
 
In closing, given the fact neither the cedar nor the spruce could be considered free of vegetation (Free 
Growing) at year five, the trial should continued to be monitored over the long term with measurements in 
year seven and year ten.  This will also help to establish the site index differences of the various treatments as 
the stand develops over time.  In future trials, it would also be interesting to see what the results would be if 
the fertilizer contained a component of sulphate, a form of sulphur the tree can readily utilize, to address the 
sulphur deficiencies.  An increased response to sulphate is expected due to the fact that in this trial, by the end 
of year five the trees with the largest volumes also had the highest sulphate levels in their foliage.   
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Appendix A – Trial Location 
 

 

 

 

 
 
 
Figure 1.1 Overview map of general trial site location  

Trial Site Location 
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Appendix A – con’t  
 

 
 
Figure 1.2 Map of  plot locations on GSFP CP 701 - Block 2 and 3  
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Appendix A – con’t 

 
 
Design Layout 
 
 
 

Line Species Treatment Tree 

Numbers 

Side Tag Color 

1 Sx Broadcast 
Burn 

1-25 Right 
Left 

Blue 
Orange 

2 Cw Broadcast 
Burn 

26-50 Right 
Left 

Blue 
Orange 

3 Cw Broadcast 
Burn 

51-75 Right 
Left 

Blue 
Orange 

4 Cw Broadcast 
Burn 

76-100 Right 
Left 

Blue 
Orange 

5 Sx Broadcast 
Burn 

101-125 Right 
Left 

Blue 
Orange 

6 Sx Broadcast 
Burn 

126-150 Right 
Left 

Blue 
Orange 

7 Sx Broadcast 
Burn 

151-175 Right 
Left 

Blue 
Orange 

8 Cw Broadcast 
Burn 

176-200 Right 
Left 

Blue 
Orange 

9 Cw Plant “as is” 201-225 Right 
Left 

Blue 
Orange 

10 Sx Plant “as is” 226-250 Right 
Left 

Blue 
Orange 

11 Cw Plant “as is” 251-275 Right 
Left 

Blue 
Orange 

12 Sx Plant “as is” 276-300 Right 
Left 

Blue 
Orange 

13 Cw Plant “as is” 301-325 Right 
Left 

Blue 
Orange 

14 Sx Plant “as is” 326-350 Right 
Left 

Blue 
Orange 

15 Cw Plant “as is” 351-375 Right 
Left 

Blue 
Orange 

16 Sx Plant “as is” 376-400 Right 
Left 

Blue 
Orange 
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Appendix B – Bio-pak Information 

 

 
 
Figure 2.1 – Manufacturer brochure for the Bio-Pak teabag fertilizer 
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Appendix B – Con’t 
 

 
 
Figure 2.2 – Manufacturer bidding specifications for the Bio-Pak teabag fertilizer 
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Appendix B – Con’t 
 

 

 

 
 
Figure 2.3 – Manufacturer product label for the Bio-Pak teabag fertilizer 
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Appendix C – Tree Vigour and Competitive Status 
Definitions 

 

Vigour Definitions
1 

 
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 Definitions
1 

 
1. Free of Vegetation - leaders well above surrounding vegetation and unlikely to 

become overtopped within two 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 

 

 
1Simard et al. 2001 
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Appendix D – Five Year Trend Data

 
Tables 3.1 – Summary of average height by species during the term of the trial
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Five Year Trend Data 

Summary of average height by species during the term of the trial

2003P 2003F 2004 2005 2006 2007

43.6 55.0 74.0 70.8 101.0

44.8 57.6 77.7 69.3 102.7

39.7 53.1 73.0 70.8 101.8

40.3 53.5 74.8 74.6 110.2

Year

Thunder River Cw Height 

Plant As Is vs. Broadcast Burn

Cw - PAI -

Cw - PAI -Teabag

Cw - BB - Control

Cw - BB - Teabag

2003P 2003F 2004 2005 2006 2007

23.7 35.1 46.9 72.6 94.3 121.4

25.1 37.7 47.5 73.2 98.9 124.0

24.2 34.4 48.3 73.2 94.7 118.6

26.1 36.6 50.5 76.4 97.9 123.3

Year

Thunder River Sx Height 

Plant As Is vs. Broadcast Burn 

Sx - PAI - Control

Sx - PAI - Teabag

Sx - BB - Control

Sx - BB - Teabag
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Summary of average height by species during the term of the trial 
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Appendix D – Con’t 
 
Tables 3.2 – Summary of average height increment by species during the term of the trial
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Summary of average height increment by species during the term of the trial

2004 2005 2006 2007

12.2 19.8 0 30.2

11 19.8 0 33.4

13.7 19.9 0 31.1

12.9 20.4 0 35.5

Year

Thunder River Cw Height Increment 

Plant As Is vs. Broadcast Burn

Cw - PAI - Control

Cw - PAI - Teabag

Cw - BB - Control

Cw - BB - Teabag

2004 2005 2006 2007

10.9 25.9 21.7 26.3

9.9 26.0 25.7 26.5

14.0 25.6 21.5 26.0

14.3 26.1 21.5 26.7

Year

Thunder River Sx Height Increment

Plant As Is vs. Broadcast Burn

Sx - PAI - Control

Sx - PAI - Teabag

Sx - BB - Control

Sx - BB - Teabag
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Summary of average height increment by species during the term of the trial 
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Tables 3.3 – Summary of average diameter by species during the term of the trial
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Summary of average diameter by species during the term of the trial

2003 

Fall

2004 2005 2007

5.6 9.1 13.2 21.3

5.7 10.2 14.5 23.0

6.4 11.2 15.6 20.9

6.6 11.4 15.4 21.3

Year

Thunder River Cw Diameter 

Plant As Is vs. Broadcast Burn 

Cw - PAI - Control

Cw - PAI - Teabag

Sx - BB - Control

Sx - BB - Teabag

2003 

Fall

2004 2005 2007

5.2 9.6 15.4 29.2

5.5 10.2 16.3 29.8

5.1 9.8 16.4 30.5

5.6 11.0 18.5 34.7

Year

Thunder River Sx Diameter

Plant As Is vs. Broadcast Burn

Sx - PAI - Control

Sx - PAI - Teabag

Sx - BB - Control

Sx - BB - Teabag
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Summary of average diameter by species during the term of the trial 
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Appendix D – Con’t 
 
Tables 3.4 – Summary of average volume 
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Summary of average volume by species during the term of the trial

 

2003 

Plant

2003 

Fall

2004 2005 2007

1.1 3.8 13.2 38.7 148

1.1 4.1 17.1 48.9 190.6

1.1 4.5 18.8 53.0 143.7

1.1 4.9 19.5 51.3 149.4

Year

Thunder River Cw Volume 

Plant As Is vs. Broadcast Burn

Cw - PAI 

Cw - PAI 

Cw - BB 

Cw - BB 

2003 

Plant

2003 

Fall

2004 2005 2007

0.9 2.8 13.8 43.2 264.7

0.9 3.9 17.3 53.1 267.3

0.9 4.2 17.2 50.4 252.5

1.1 5.6 21.8 61.4 280.5

Year

Thunder River Sx Volume

Plant As Is vs. Broadcast Burn

Sx - PAI 

Sx - PAI 

Sx - BB -

Sx - BB -
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by species during the term of the trial 
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Appendix E – Five Year Vigour Status 

 
Table 5.1 – Vigour class of the crop trees at the end of each growing season during the term 
of the trial.  (See Appendix C for vigour class definitions). 

 

 
    Vigour Class (% of trees) 
Species Treatment Year Good Moderate Poor Moribund Dead 

Cw 

PAI 

Control 

2003 91 9 0 0 0 

2004 43 25 14 0 18 

2005 36 30 13 0 21 

2007 18 41 14 4 22 
 

Teabag 

2003 93 3 2 0 2 

2004 37 14 10 3 36 

2005 26 21 11 3 39 

2007 18 25 7 4 45 
        

Burn 

Control 

2003 98 1 0 0 1 

2004 54 21 12 4 9 

2005 33 31 17 3 16 

2007 23 36 13 3 25 
 

Teabag 

2003 98 0 1 0 1 

2004 53 26 7 2 12 

2005 37 29 10 6 18 

2007 27 37 5 5 26 
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Appendix E – Con’t 

 
Table 5.1 Con’t – Vigour class of the crop trees at the end of each growing season during 
the term of the trial.  (See Appendix C for vigour class definitions). 
 

    Vigour Class (% of trees) 
Species Treatment Year Good Moderate Poor Moribund Dead 

Sx 

PAI 

Control 

2003 93 7 0 0 0 

2004 56 26 4 5 9 

2005 69 12 9 0 10 

2007 46 32 8 2 12 
 

Teabag 

2003 95 3 0 0 2 

2004 62 22 10 0 6 

2005 75 14 5 0 6 

2007 58 24 10 0 8 
  

Burn 

Control 

2003 99 0 0 0 1 

2004 55 21 10 4 10 

2005 56 20 11 1 12 

2007 35 41 10 1 13 
 

Teabag 

2003 92 7 0 0 1 

2004 50 26 15 5 4 

2005 57 21 17 0 5 

2007 46 36 10 1 7 
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Appendix F – Five Year Competitive Status 

 
Table 6.1 – Competitive status of the crop trees at the end of each growing season during 
the term of the trial.  (See Appendix C for competitive status definitions). 

 

 
    Competitive Status (% of trees) 
Species Treatment Year FG

1 
Threatened Overtopped Suppressed Dead 

Cw 

PAI 

Control 

2003 65 34 1 0 0 

2004 73 9 0 0 18 

2005 45 28 5 0 21 

2007 15 53 9 1 22 
 

Teabag 

2003 70 27 1 0 2 

2004 58 4 2 0 36 

2005 31 22 8 0 39 

2007 19 26 7 3 45 
        

Burn 

Control 

2003 81 13 5 0 1 

2004 64 18 7 2 9 

2005 19 48 16 1 16 

2007 22 43 9 1 25 
 

Teabag 

2003 80 16 3 0 1 

2004 59 23 6 0 12 

2005 13 47 21 1 18 

2007 25 41 6 2 26 

 
1FG = Tree height is greater than the competing vegetation 
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    Competitive Status (% of trees) 
Species Treatment Year FG

1 
Threatened Overtopped Suppressed Dead 

Sx 

PAI 

Control 

2003 71 28 1 0 0 

2004 69 18 3 1 9 

2005 58 26 6 0 10 

2007 30 50 7 1 12 
 

Teabag 

2003 72 26 1 0 1 

2004 81 12 1 0 6 

2005 57 31 6 0 6 

2007 34 48 10 0 8 
  

Burn 

Control 

2003 80 9 10 0 1 

2004 71 15 4 0 10 

2005 27 44 15 2 12 

2007 35 45 4 3 13 
 

Teabag 

2003 78 21 1 0 0 

2004 64 19 12 1 4 

2005 26 47 20 2 5 

2007 34 49 9 1 7 

 
1FG = Tree height is greater than the competing vegetation
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Appendix G – Sample Tree Photos 
 

 
Figure 7.1 - Average western red cedar – Control – PAI – Tree #303 

 

 
Figure 7.2 - Average western red cedar – Teabag – PAI – Tree # 251 
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Appendix G – Con’t 
 

 
Figure 7.3 - Average western red cedar – Control – Broadcast Burn – Tree #188 

 
Figure 7.4 - Average western red cedar – Teabag – Broadcast Burn – Tree #180 
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Appendix G – Con’t 
 

 
Figure 7.5 - Average Interior spruce – Control – PAI – Tree # 345 

 

 
Figure 7.6 - Average Interior spruce – Teabag – PAI – Tree #294 
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Appendix G – Con’t 
 

 
Figure 7.7 - Average Interior spruce – Control – Broadcast Burn – Tree #162 

 

 
Figure 7.8 - Average Interior spruce –Teabag – PAI – Tree #158 
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Appendix H – Five Year Foliar Analysis Data 
 

Macronutrients (Macros) are in percent and micronutrients (Micros) are in parts per million (ppm) 

 
Table 7.1 – 2005 Foliar Analysis Data  

 

Western Red Cedar 

  Control Teabag 

Minimum Plant-As-Is Burn Plant-As-Is Burn 

Macro Nutrients - %           

Nitrogen 1.45 1.29 1.12 1.16 1.23 

Phosporous 0.16 0.16 0.15 0.2 0.2 

Potassium 0.8 0.82 0.71 0.9 0.89 

Calcium 0.25 0.86 0.83 0.95 0.91 

Magnesium 0.14 0.12 0.11 0.13 0.14 

Sulphur 0.16 0.09 0.08 0.07 0.08 

            

Micro Nutrients - 
ppm           

Iron 50 50 52 47 49 

Manganese 25 195 182 128 132 

Zinc 15 19 16 22 17 

Copper 3 5 8 5 5 

Boron 20 9 15 13 18 

S04-S 80         

N/S Ratio 14.6 Max 14.3 14.0 16.6 15.4 

Interior Spruce 

  Control Teabag 

Minimum Plant-As-Is Burn Plant-As-Is Burn 

Macro Nutrients - %           

Nitrogen 1.45 1.79 1.26 1.75 1.22 

Phosporous 0.16 0.25 0.22 0.23 0.21 

Potassium 0.50 0.75 0.67 0.67 0.64 

Calcium 0.20 0.66 0.61 0.61 0.72 

Magnesium 0.12 0.12 0.11 0.11 0.12 

Sulphur 0.16 0.09 0.08 0.10 0.08 

Micro Nutrients - 
ppm           

Iron 50 49 45 41 39 

Manganese 25 682 479 1030 415 

Zinc 15 68 56 55 54 

Copper 3 7 4 5 5 

Boron 20 10 12 15 14 

S04-S 80         

N/S Ratio 14 Max* 19.9 15.8 17.5 15.3 

* Note: S deficiency likely to be induced by N fertilization if pre-fertertilization N:S > 12 
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Appendix H – Con’t 
 

Macronutrients (Macros) are in percent and micronutrients (Micros) are in parts per million (ppm) 

 
Table 7.2 – 2004 Foliar Analysis Data  

 

Western Red Cedar 

  Control Teabag 

Minimum Plant-As-Is Prep Plant-As-Is Prep 

Macro Nutrients - %           

Nitrogen 1.45 1.74 1.74 1.77 1.68 

Phosporous 0.16 0.19 0.22 0.22 0.20 

Potassium 0.8 0.95 1.01 1.07 0.96 

Calcium 0.25 0.71 0.78 0.73 0.70 

Magnesium 0.14 0.15 0.13 0.15 0.13 

Sulphur 0.16 0.12 0.11 0.12 0.11 

Micro Nutrients - 
ppm           

Iron 50 41 42 44 44 

Manganese 25 173 171 174 188 

Zinc 15 19 15 21 14 

Copper 3 1 5 2 3 

Boron 20 10 0 71 57 

S04-S 80         

N/S Ratio 14.6 Max 14.5 15.8 14.8 15.3 

Interior Spruce 

  Control Teabag 

Minimum Plant-As-Is Prep Plant-As-Is Prep 

Macro Nutrients - %           

Nitrogen 1.45 2.33 2.30 2.14 2.43 

Phosporous 0.16 0.31 0.25 0.26 0.27 

Potassium 0.50 0.75 0.66 0.67 0.74 

Calcium 0.20 0.69 0.68 0.65 0.58 

Magnesium 0.12 0.17 0.16 0.14 0.14 

Sulphur 0.16 0.15 0.14 0.13 0.14 

Micro Nutrients - 
ppm           

Iron 50 58 53 61 60 

Manganese 25 718 426 821 676 

Zinc 15 73 53 50 35 

Copper 3 3 8 1 0.7 

Boron 20 3 3 25 18 

S04-S 80         

N/S Ratio 14 Max* 15.5 16.4 16.5 17.4 

* Note: S deficiency likely to be induced by N fertilization if pre-fertertilization N:S > 12 
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Appendix H – Con’t 
 

Macronutrients (Macros) are in percent and micronutrients (Micros) are in parts per million (ppm) 

 
Table 7.3 – 2003 Foliar Analysis Data  

 

Western Red Cedar 

  Control Teabag 

Minimum Plant-As-Is Prep Plant-As-Is Prep 

Macro Nutrients - %           

Nitrogen 1.45 1.17 2.0 1.82 2.03 

Phosporous 0.16 0.11 0.16 0.13 0.16 

Potassium 0.8 0.81 0.93 0.88 0.91 

Calcium 0.25 1.06 1.06 0.99 1.06 

Magnesium 0.14 0.14 0.13 0.17 0.14 

Sulphur 0.16 0.1 0.12 0.14 0.15 

            

Micro Nutrients - 
ppm           

Iron 50 87 98 85 95 

Manganese 25 127 298 157 318 

Zinc 15 11 13 12 14 

Copper 3 4 2 3 2 

Boron 20 15 11 147 92 

S04-S 80         

N/S Ratio 14.6 Max 11.7 16.7 13.0 13.5 

Interior Spruce 

  Control Teabag 

Minimum Plant-As-Is Prep Plant-As-Is Prep 

Macro Nutrients - %           

Nitrogen 1.45 1.72 2.32 2.24 2.41 

Phosporous 0.16 0.20 0.19 0.23 0.2 

Potassium 0.50 0.71 0.63 0.69 0.62 

Calcium 0.20 0.44 0.49 0.8 0.73 

Magnesium 0.12 0.14 0.15 0.14 0.13 

Sulphur 0.16 0.11 0.14 0.14 0.14 

Micro Nutrients - 
ppm           

Iron 50 40 66 54 78 

Manganese 25 286 653 336 625 

Zinc 15 29 48 15 32 

Copper 3 3 4 2 5 

Boron 20 22 14 129 168 

S04-S 80         

N/S Ratio 14 Max* 15.6 16.6 16.0 17.2 

* Note: S deficiency likely to be induced by N fertilization if pre-fertertilization N:S > 12 
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Appendix I – Statistical Analysis 

 
Thunder River - Fall 2007 Data Analysis - New Forest Treeworks 

 

 

 

CONTROL VS. TEABAG, SPP AND SITEPREP COMBINED 

 SPP TRT TRT*SPP PREP PREP*SPP PREP*TRT 

HT07 0.005 0.403 0.906 0.670 0.566 0.529 

HI07 0.004 0.347 0.304 0.843 0.312 0.455 

GLD07 0.003 0.542 0.769 0.885 0.757 0.816 

VOL07 0.002 0.432 0.925 0.926 0.658 0.814 

 

 

Sx: TRT (CONTROL VS. TEABAG) AND PREP (PAI VS BB) 

 TRT TRT*SPP PREP PREP*SPP PREP*TRT 

HT07 0.681  0.927  0.940 

HI07 0.937  0.382  0.655 

GLD07 0.821  0.910  0.956 

VOL07 0.695  0.828  0.884 

 

CW: TRT (CONTROL VS. TEABAG) AND PREP (PAI VS BB). Same comments as for 

Sx. 

 TRT TRT*SPP PREP PREP*SPP PREP*TRT 

HT07 0.253  0.386  0.188 

HI07 0.261  0.524  0.571 

GLD07 0.537  0.743  0.708 

VOL07 0.258  0.640  0.344 

 

 

BB: SPP (Sx VS. CW) AND TRT (CONTROL VS. TEABAG) 

 SPP TRT SPP*TRT   

HT07 0.140 0.059 0.371   

HI07 0.020 0.109 0.214   

GLD07 0.034 0.795 0.990   

VOL07 0.031 0.599 0.705   

 

PAI: SPP (Sx VS. Cw) AND TRT (CONTROL VS. TEABAG) - no differences on the 

PAI ground 

 SPP TRT SPP*TRT   

HT07 0.011 0.914 0.847   

HI07 0.124 0.912 0.653   

GLD07 0.038 0.555 0.671   

VOL07 0.038 0.568 0.742   
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CASE$ ROW$ REP$ SPP$ SITEPREP$ TREE 

TRT$ HTPLT HT03 HT04 HT05 HT06 
HT07 HI03 HI04 HI05 HI06 HI07 

GLDPLT GLD03 GLD04 GLD05 GLD07 VOLPLT 
VOL03 VOL04 VOL05 VOL07 VI03 VI04 

VI05 VI07 CP03 CP04 CP05 CP07 
 
The following results are for:   SPP$         = Sx   SITEPREP$    = BB   TRT$         = TB 

   HT07 HI07 GLD07 VOL07 

N of cases 
 

92 
 

92 
 

92 
 

92 

Minimum 
 

40.000 
 

3.000 
 

7.300 
 

5.581 

Maximum 
 

211.000 
 

48.000 
 

42.900 
 

901.000 

Mean 
 

123.315 
 

24.663 
 

26.727 
 

280.545 

Std. Error 
 

3.865 
 

1.061 
 

0.815 
 

21.022 

Standard Dev 
 

37.075 
 

10.172 
 

7.815 
 

201.639 

  
 The following results are for:  SPP$         = Sx   SITEPREP$    = BB   TRT$         = C 

   HT07 HI07 GLD07 VOL07 

N of cases 
 

85 
 

85 
 

85 
 

85 

Minimum 
 

50.000 
 

4.000 
 

11.100 
 

16.128 

Maximum 
 

216.000 
 

117.000 
 

45.200 
 

905.447 

Mean 
 

118.612 
 

23.929 
 

26.026 
 

252.527 

Std. Error 
 

3.628 
 

1.444 
 

0.795 
 

20.673 

Standard Dev 
 

33.446 
 

13.315 
 

7.326 
 

190.598 

  
 The following results are for:  SPP$         = Cw   SITEPREP$    = BB   TRT$         = TB 

   HT07 HI07 GLD07 VOL07 

N of cases 
 

74 
 

74 
 

74 
 

74 

Minimum 
 

32.000 
 

-13.000 
 

8.400 
 

5.911 

Maximum 
 

173.000 
 

63.000 
 

34.400 
 

365.308 

Mean 
 

110.162 
 

35.527 
 

21.264 
 

149.377 

Std. Error 
 

3.135 
 

1.490 
 

0.691 
 

10.584 

Standard Dev 
 

26.966 
 

12.820 
 

5.943 
 

91.049 
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 The following results are for:  SPP$         = Cw   SITEPREP$    = BB   TRT$         = C 

  HT07 HI07 GLD07 VOL07 

N of cases 
 

75 
 

75 
 

75 
 

75 

Minimum 
 

35.000 
 

-21.000 
 

7.400 
 

6.308 

Maximum 
 

166.000 
 

67.000 
 

35.800 
 

511.799 

Mean 
 

101.813 
 

31.053 
 

20.863 
 

143.742 

Std. Error 
 

3.409 
 

1.896 
 

0.801 
 

13.508 

Standard Dev 
 

29.519 
 

16.423 
 

6.937 
 

116.980 

  
 The following results are for:  SPP$         = Cw   SITEPREP$    = PAI   TRT$         = TB 

   HT07 HI07 GLD07 VOL07 

N of cases 
 

54 
 

54 
 

54 
 

54 

Minimum 
 

20.000 
 

-1.000 
 

6.200 
 

4.927 

Maximum 
 

187.000 
 

76.000 
 

45.300 
 

946.714 

Mean 
 

102.704 
 

33.426 
 

22.994 
 

190.613 

Std. Error 
 

5.174 
 

2.213 
 

1.185 
 

26.846 

Standard Dev 
 

38.024 
 

16.260 
 

8.706 
 

197.279 

  
 The following results are for:  SPP$         = Cw   SITEPREP$    = PAI   TRT$         = C 

   HT07 HI07 GLD07 VOL07 

N of cases 
 

76 
 

76 
 

76 
 

76 

Minimum 
 

30.000 
 

-53.000 
 

8.100 
 

5.153 

Maximum 
 

173.000 
 

59.000 
 

39.800 
 

609.610 

Mean 
 

101.013 
 

30.197 
 

21.278 
 

148.004 

Std. Error 
 

3.185 
 

1.845 
 

0.812 
 

13.605 

Standard Dev 
 

27.767 
 

16.086 
 

7.082 
 

118.603 
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 The following results are for:  SPP$         = Sx   SITEPREP$    = PAI   TRT$         = TB 

   HT07 HI07 GLD07 VOL07 

N of cases 
 

89 
 

89 
 

89 
 

89 

Minimum 
 

47.000 
 

-48.000 
 

10.700 
 

14.088 

Maximum 
 

195.000 
 

54.000 
 

41.800 
 

805.070 

Mean 
 

123.989 
 

25.674 
 

26.515 
 

267.315 

Std. Error 
 

3.370 
 

1.751 
 

0.746 
 

19.844 

Standard Dev 
 

31.792 
 

16.516 
 

7.041 
 

187.206 

  
  
The following results are for:   SPP$         = Sx   SITEPREP$    = PAI   TRT$         = C 

   HT07 HI07 GLD07 VOL07 

N of cases 
 

82 
 

82 
 

82 
 

84 

Minimum 
 

50.000 
 -

15.000 
 

12.000 
 

13.300 

Maximum 
 

188.000 
 

125.000 
 

52.000 
 

1330.862 

Mean 
 

121.439 
 

26.463 
 

26.274 
 

259.140 

Std. Error 
 

3.673 
 

1.734 
 

0.850 
 

23.972 

Standard Dev 
 

33.261 
 

15.701 
 

7.694 
 

219.705 

  

 


