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Executive Summary
Forest productivity of many coastal forests has been improved by fertilizer application.  To verify the applicability
of findings in other coastal areas, Western Forest Products established fertilization treatment monitoring plots
together with controls in a variety of site types in the Gold River Operations.  This report summarizes findings
after two growing seasons since fertilization of a sapling stand on a salal dominated ecosystem.

The objective of these monitoring plots is to determine if fertilizer treatment is having a discernible beneficial
impact on stem volume in these various ecosystems.  The project addresses the problem of predicting response
to silviculture treatments, the number one problem identified in British Columbia�s 2000 gap analysis, and further
will assist in investment decisions.

The growth displayed by treated stands, when compared to the control, indicates that fertilization is having a
beneficial effect.  This response corresponds to the response reported in the Salal Cedar Hemlock Integrated
Research Program.

Introduction
Forest productivity is improved by the deployment of fertilizers in many ecosystems.  Greater volume and value
of wood at final harvest and reduced time to operability are realized from this treatment.  This has been well-
documented for Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), particularly in mid- to late-rotation (Miller
and Harrington 1979, Miller and Reukema 1974, Miller and Pienaar 1973).  Other benefits include reduced time
to freedom from regulatory adjacency constraints when fertilizer is applied to stands during the stand
establishment phase.

Salal-dominated ecosystems in the stand establishment phase have proven to respond favourably to fertilizer
applications on northern Vancouver Island (Blevins and Prescott 2002, Bradley et al 2000, Prescott and Brown
1998, Prescott 1996, Prescott and Weetman 1994, Weetman et al 1993, Weetman et al 1989).  The favourable
response initially reported from northern Vancouver Island studies for time of plant treatment has been confirmed
for these ecosystems on the west coast of Vancouver Island.  The response to fertilization at the sapling and
pole stages has been illustrated by western hemlock (Tsuga heterophylla (Raf.) Sarg.), western redcedar (Thuja
plicata Donn ex D. Don), and Sitka spruce (Picea sitchensis (Bong.) Carr.) on northern Vancouver Island, and
confirmed in trials on southern Vancouver Island (van Niejenhuis 2003).  Similar sites on west-central Vancouver
Island are examined in this project to determine if the response is consistent.

This project addresses the problem of predicting response to silviculture treatments, the number one problem
identified in British Columbia�s 2000 gap analysis.  This is re-iterated in the Forest Productivity Council�s �Forest
Productivity Strategy for 2001 � 2005�.  There the criteria to determine forest productivity priorities are listed as

�The potential influence that project or activity results may have on supply of timber and non-timber resources.�

�Influence on forest management investment decisions.�

Objectives
Western Forest Products Limited has championed fertilizer research in coastal British Columbia for nearly two
decades.  This project will continue that work by determining if operational fertilization of salal-dominated
ecosystems in the Campbell River District has a discernible and beneficial effect on the conifer regeneration of
those sites.

From this work, preliminary estimates of the impact of fertilization on timber supply will be determined.  Further,
the value of investing in this stand treatment for certain stands will be better understood.

Methods
Site Description

Area H24 in TFL 19 was selected for operational fertilization monitoring.  This site is located in the CWHvm1
biogeoclimatic unit that shows transitional elements to the CWHvh1 biogeoclimatic unit (Green and Klinka 1994).
The site series is characterized as 01s (06s, 03).  The site was logged in 1987 and 1988.  Western hemlock
(66%), western redcedar (25%), and Douglas-fir (9%) were planted in 1988.  Tree heights of the predominantly
western redcedar and western hemlock ranged up to 2.5 m at time of broadcast fertilizer application in fall of
2001.  The licensee had declared the area free growing prior to fertilizer application.  The understory included
dense cover of salal (Gaultheria shallon Pursh) and deer fern (Blechnum spicantI (L.) Roth.).
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Foliar samples were collected from thirty trees of each of the two dominant species in October of 2001 and
bulked into three composite samples of ten trees each.  Foliar nutrient analysis indicated very severe nitrogen
deficiency according to thresholds published in Ballard and Carter (1986) for both the western redcedar (1.00%)
and western hemlock (0.73%).  Foliar phosphorus concentrations in western hemlock were determined at 0.10%
and described as severely deficient (Ballard and Carter 1986).

Installation

The area was stratified prior to fertilization application, and a portion of the block was set aside for control plots.
Stratification took into account site ecology, year logged, and year planted.  Ten plots of 7.98 m radius
encompassing 200 m2 were established by B.A. Blackwell and Associates (contractor) in October of 2001.  Five
of these were established as control plots, at least 40 m from a treated area.  Plot centres were marked with
labelled stakes.  All plot centres were a minimum of 50 m from a road, stand edge, or treatment boundary
(Blackwell 2002).

Within each plot, all trees of 1.3 m at establishment were tagged with a unique number.  The plot number
together with this unique tag number, species, tree height, and diameter at breast height were recorded.

Fertilizer was applied by helicopter in October of 2001.  The treatment was 745 kg/ha of product, which
translated to elemental nitrogen fertilization at 227 kg/ha and elemental phosphorous fertilization at 85 kg/ha.  A
check in the control areas confirmed that no fertilizer was applied there.

Re-measures

After two growing seasons all plots were re-visited by Rare Image Photography (contractor), and heights and
diameters of all tagged trees were recorded.  This was completed between October 15 and December 31 of
2003.  Data was screened for anomalies by graphing the 2003 data against the 2001 data and noting outliers.
All outliers were checked in the field before January 15 of 2004.

Data Analysis

Data was further screened for anomalies.  Data was collected for 538 trees in the ten plots initially.  Sixteen trees
reported dead or with broken terminals in 2003 were removed from both the 2001 and 2003 data sets.  An
additional sixteen trees whose heights were less in 2003 than in 2001, after confirming with field checks, were
removed from both data sets.  In one control plot and in one treatment plot there were fewer than 10 western
hemlock trees meeting the initial criteria of 1.3 m tall.  These were removed from the data set to provide five
control plots and five fertilized plots for the western redcedar analysis, and four control plots and four fertilized
plots for the western hemlock analysis.

Plot means for height in 2001, height in 2003, height increment between 2001 and 2003, and height increment
over initial tree height were calculated for the remaining western redcedar and western hemlock in each plot.
Single factor Analysis of Variance (ANOVA) was carried out for each variable.

Plot volumes for �crop� trees in each plot were calculated, including all species present.  For this analysis the
western hemlock removed for low numbers for average heights were included.  �Crop� trees included the 15
dominant trees (top height at 2003) of any species on the plot, to give 750 �crop� trees per hectare.  Individual
tree volumes were calculated using the formula for the volume of a cone (лr2h/3 where r = radius (0.5 X DBH)
and h = height).  Total �crop� tree plot volumes were calculated for 2001 and 2003; volume increments were
determined, and per cent volume increases were determined.  ANOVA was carried out for each variable.

Results
Western Redcedar

Average height of western redcedar in the control plots at time of establishment ranged from 1.92 m to 2.45 m,
and averaged 2.18 m across all control plots.  The average height of western redcedar in the treatment plots
prior to fertilization averaged 2.45 m across all plots, with plot averages ranging from 1.99 m to 2.83 m  (Table
1).  ANOVA indicates that these are not significantly different, with a probability that the means are equal of 0.2
(Table 2).

After two growing seasons, average heights of western redcedar in control plots ranged from 2.33 m to 2.89 m,
and averaged 2.55 m across all control plots.  The average height of western redcedar in fertilized plots was
3.43 m, with plot averages ranging from 3.10 m to 3.84 m (Table 4).  ANOVA indicates that these are now
significantly different, with a probability that the means are equal of 0.001 (Table 5).
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Height increment of the two growing seasons post-fertilization was likewise examined.  In control plots, average
height increments for western redcedar ranged from 0.21 m to 0.51 m, and across all plots the average height
increment was 0.37 m.  In fertilized plots, average height increments ranged from 0.91 m to 1.11 m, and
averaged 0.99 m (Table 7).  ANOVA of western redcedar height increments indicates a very highly significant
difference, with a probability that the means are equal of 0.000 (Table 8).

Though initial height averages were not significantly different at time of establishment at the 0.10 level, the
controls were generally smaller than the treatment plots.  Thus, per cent growth was compared.  Per cent growth
was calculated as growth increment between 2001 and 2003 divided by initial height.  Average per cent growth
increment for western redcedar was 17.45 per cent for control plots and 46.19 per cent for the treated plots
(Table 10).  ANOVA of per cent growth increments of western redcedar indicated a very highly significant
difference, with a probability that the means are equal of 0.000 (Table 11).

Average heights of the western redcedar in 2001 and 2003 were graphed (Figure 1).  The slope of the line of the
fertilized western redcedar is greater than that of the control, illustrating the effect of fertilization.

Western Hemlock

Average height of western hemlock in the control plots at time of establishment ranged from 1.75 m to 2.13 m,
and averaged 1.97 m across all control plots.  The average height of western hemlock in the treatment plots prior
to fertilization averaged 2.25 m across all plots, with plot averages ranging from 1.99 m to 2.57 m  (Table 1).
ANOVA indicates that these are not significantly different, with a probability that the means are equal of 0.115
(Table 3).

After two growing seasons, average heights of western hemlock in control plots ranged from 1.86 m to 2.37 m,
and averaged 2.14 m across all control plots.  The average height of western hemlock in fertilized plots was 3.13
m, with plot averages ranging from 2.92 m to 3.65 m (Table 4).  ANOVA indicates that these are now
significantly different, with a probability that the means are equal of 0.003 (Table 6).

Height increment of the two growing seasons post-fertilization was likewise examined.  In control plots, average
height increments for western hemlock ranged from 0.11 m to 0.38 m, and across all plots the average height
increment was 0.17 m.  In fertilized plots, average height increments ranged from 0.77 m to 1.08 m, and
averaged 0.89 m (Table 7).  ANOVA of western hemlock height increments indicates a very highly significant
difference, with a probability that the means are equal of 0.000 (Table 9).

Though initial height averages were not significantly different at time of establishment at the 0.10 level, the
controls were generally smaller than the treatment plots.  Thus, per cent growth was compared.  Per cent growth
was calculated as growth increment between 2001 and 2003 divided by initial height.  Average per cent growth
increment for western hemlock was 8.78 per cent for control plots and 42.16 per cent for the treated plots (Table
10).  ANOVA of per cent growth increments of western redcedar indicated a very highly significant difference,
with a probability that the means are equal of 0.000 (Table 12).

Average heights of the western hemlock in 2001 and 2003 were graphed (Figure 1).  The slope of the line of the
fertilized western hemlock is greater than that of the control, illustrating the effect of fertilization.

Plot Volume of Crop Trees

Plot volume at time of establishment of the 15 dominant trees in each control plot ranged from 0.007 m3 (0.35
m3/ha) to 0.032 m3 (1.60 m3/ha), and averaged 0.013 m3 (0.65 m3/ha). Plot volume at time of establishment of
the 15 dominant trees in each fertilized plot averaged 0.025 m3 (1.25 m3/ha)(Table 13).  ANOVA of the crop tree
plot volume at time of establishment indicates that these averages are not significantly different, with the
probability that the means are equal of 0.161 (Table 14).

After two growing seasons, the average volume of the 15 dominant trees in control plots was 0.022 m3 (1.10
m3/ha) and ranged from 0.012 m3 (0.60 m3/ha) to 0.047 m3 (2.35 m3/ha).  In the fertilized plots, average plot
volume of the 15 dominant trees ranged from 0.045 m3 (2.25 m3/ha) to 0.127 m3 (6.35 m3/ha), and averaged
0.069 m3 (3.45 m3/ha) (Table 13).  ANOVA for crop tree plot volume after two growing seasons indicates that
these averages are significantly different, with the probability that the means are equal of 0.019 (Table 15).

Though the initial volumes at time of establishment of the crop trees in the control and fertilized plots had a
probability that the means were equal of 16%, and therefore deemed to be not significantly different at the 5%
level, the control plots had smaller volumes on average.  To address this, the per cent volume increase,
calculated as the volume increment over the two growing seasons, divided by the initial volume, was analyzed.
Control plot volumes increased by 46.9% to 142.9% over initial volumes, and averaged 94.5%.  Fertilized plot
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volumes increased by 159.2% to 217.6% and averaged 186.4% (Table 13).  ANOVA indicates that these means
are highly significantly different, with probability that the means are equal of 0.002 (Table 16).

Average plot volumes of the crop trees is illustrated in Figure 2.  Fertilized plots show a more dramatic increase
in plot volume, as indicated by the slope of the line, as compared to control plots.

Discussion and Conclusion
The responses displayed by both western redcedar and western hemlock in this study are typical of those
illustrated by the SCHIRP trials on cedar-hemlock sites.  Both western redcedar and western hemlock respond
significantly to the addition of nitrogen and phosphorus.  In this study, the per cent height growth increment of
western redcedar is increased by a factor of 2.5, while that of hemlock is increased by a factor of almost 5.  In
the initial SCHIRP installation study, the ten-year old western redcedar trees in treated plots show average of
height of 3.8 m while those in the control plots average 2.8 m, thus the treatment has increased height by a
factor of 1.3.  Average heights of the ten-year old western hemlock at the SCHIRP installation compare at 4.4 m
for fertilized plots, and 1.5 m for control plots.  This amounts to a 2.9 factor increase in growth (Blevins and
Prescott 2002).

The current annual increment of the control plots in this study is estimated at 0.2 m3/ha.  The current annual
increment of the fertilized plots is estimated at 1.1 m3/ha.  Though some of the current annual increment is due
to the initial size of the trees in the control and fertilized plots, much of the increase illustrated by the fertilized
plots is due to the treatment effect.  This is verified by the volume increases as a percentage of initial volume
(Table 16).

These plots will be monitored again after five growing seasons, and a similar analysis will be reported.  Based on
these initial results which reflect those illustrated by SCHIRP including the Kennedy Lake trials (Blevins and
Prescott 2002), this site and stand condition on west-central Vancouver Island is recommended for fertilization.
The limited scope of this study in terms of a single area and a single time of treatment, and the problems of
disparity between initial stand heights and volumes between the control and treated plots qualify this
recommendation.  Practitioners are encouraged to repeat this monitoring in a minimum of two additional similar
trials to fully confirm the findings.
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Table 1:  Average height of western redcedar and western hemlock in 2001 at time of establishment.

Cw Hw Grand Total

Plot Control Fertilization Control Fertilization

1 2.26 2.62 1.99 2.29 2.30

2 1.92 2.47 1.99 1.99 2.15

3 2.45 1.99 2.15 2.13 2.21

4 2.06 2.83 1.75 2.31

5 2.17 2.18 2.57 2.26

Grand Total 2.18 2.45 1.97 2.25 2.24

Table 2:  Single factor ANOVA for western redcedar height in 2001 at time of establishment.

SUMMARY

Groups Count Sum Average Variance

Control 5 10.85312822 2.170625644 0.039636

Fertilization 5 12.08676152 2.417352305 0.113076

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.1521851 1 0.152185113 1.99311 0.195707 5.317645

Within Groups 0.6108447 8 0.076355588

Total 0.7630298 9

Table 3:  Single factor ANOVA for western hemlock height in 2001 at time of establishment.

SUMMARY

Groups Count Sum Average Variance

Control 4 7.869881 1.96747 0.026882

Fertilization 4 8.976182 2.244045 0.063031

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.152988 1 0.152988 3.403037 0.114624 5.987374

Within Groups 0.269737 6 0.044956

Total 0.422725 7
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Table 4: Average height of western redcedar and western hemlock in 2003 two growing seasons post-
fertilization.

Cw Hw Grand Total

Plot Control Fertilization Control Fertilization

1 2.77 3.68 2.37 3.06 2.99

2 2.33 3.38 2.15 2.92 2.79

3 2.89 3.10 2.27 2.98 2.78

4 2.40 3.84 1.86 2.88

5 2.38 3.14 3.65 2.91

Grand Total 2.55 3.43 2.14 3.13 2.86

Table 5:  Single factor ANOVA for western redcedar height in 2003 two growing seasons post-fertilization.

SUMMARY

Groups Count Sum Average Variance

Control 5 12.77107358 2.554214716 0.06471

Fertilization 5 17.1355039 3.427100781 0.105743

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 1.9048252 1 1.904825207 22.35014 0.001488 5.317645

Within Groups 0.6818122 8 0.08522653

Total 2.5866374 9

Table 6:  Single factor ANOVA for western hemlock height in 2003 two growing seasons post-fertilization.

SUMMARY

Groups Count Sum Average Variance

Control 4 8.649425 2.162356 0.049075

Fertilization 4 12.61343 3.153359 0.114065

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 1.964172 1 1.964172 24.07962 0.002692 5.987374

Within Groups 0.489419 6 0.08157

Total 2.453591 7
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Table 7:  Average height increment between 2001 and 2003 of western redcedar and western hemlock.

Cw Hw Grand Total

Plot Control Fertilization Control Fertilization

1 0.51 1.07 0.38 0.77 0.70

2 0.41 0.91 0.17 0.93 0.65

3 0.44 1.11 0.13 0.86 0.56

4 0.34 1.00 0.11 0.57

5 0.21 0.96 1.08 0.66

Grand Total 0.37 0.99 0.17 0.89 0.63

Table 8: Single factor ANOVA for western redcedar height increment between 2001 and 2003.

SUMMARY

Groups Count Sum Average Variance

Control 5 1.917945362 0.383589072 0.012638

Fertilization 5 5.048742381 1.009748476 0.006716

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.980189 1 0.980188997 101.2919 8.09E-06 5.317645

Within Groups 0.077415 8 0.009676874

Total 1.057604 9

Table 9: Single factor ANOVA for western hemlock height increment between 2001 and 2003.

SUMMARY

Groups Count Sum Average Variance

Control 4 0.779544 0.194886 0.015008

Fertilization 4 3.637253 0.909313 0.01749

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 1.020813 1 1.020813 62.82394 0.000214 5.987374

Within Groups 0.097493 6 0.016249

Total 1.118305 7
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Table 10:  Per cent growth increment between 2001 and 2003 for western redcedar and western hemlock.

Cw Hw Grand Total

Plot Control Fertilization Control Fertilization

1 24.13% 45.46% 19.53% 34.80% 31.69%

2 22.35% 42.42% 7.78% 49.04% 32.21%

3 18.35% 61.44% 6.45% 45.77% 28.62%

4 16.70% 42.40% 6.89% 25.21%

5 10.01% 46.64% 44.55% 30.01%

Grand Total 17.45% 46.19% 8.78% 42.16% 29.66%

Table 11: Single factor ANOVA for western redcedar per cent growth increment between 2001 and 2003.

SUMMARY

Groups Count Sum Average Variance

Control 5 0.915390121 0.183078024 0.003042

Fertilization 5 2.383587444 0.476717489 0.006273

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.2155603 1 0.215560338 46.28361 0.000137 5.317645

Within Groups 0.037259 8 0.00465738

Total 0.2528194 9

Table 12: Single factor ANOVA for western hemlock per cent growth increment between 2001 and 2003.

SUMMARY

Groups Count Sum Average Variance

Control 4 0.406448 0.101612 0.003932

Fertilization 4 1.741652 0.435413 0.003753

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.222846 1 0.222846 57.99811 0.000267 5.987374

Within Groups 0.023054 6 0.003842

Total 0.2459 7
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Table 13:  Volume and per cent volume increase for the top 15 crop trees in each plot.

Control Fertilization

Plot Volume 2001
(m3)

Volume 2003
(m3)

Volume
Increase

(%)

Volume 2001
(m3)

Volume 2003
(m3)

Volume
Increase

(%)
1 0.007 0.017 142.90 0.019 0.054 184.20

2 0.009 0.019 111.10 0.024 0.065 170.80

3 0.032 0.047 46.90 0.017 0.055 217.60

4 0.007 0.012 71.40 0.049 0.127 159.20

5 0.008 0.016 100.00 0.015 0.045 200.00

Average 0.013 0.022 94.46    0.025 0.069 186.36

Table 14: Single factor ANOVA for crop tree plot volume in 2001.

SUMMARY

Groups Count Sum Average Variance

Control 5 0.063 0.0126 0.00012

Fertilization 5 0.124 0.0248 0.00019

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.0003721 1 0.0003721 2.38144 0.1613597 5.31764

Within Groups 0.00125 8 0.0001563

Total 0.0016221 9

Table 15:  Single factor ANOVA for crop tree volume in 2003.

SUMMARY

Groups Count Sum Average Variance

Control 5 0.111 0.0222 0.0002

Fertilization 5 0.346 0.0692 0.00109

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.0055225 1 0.0055225 8.54281 0.0192085 5.31764

Within Groups 0.0051716 8 0.0006465

Total 0.0106941 9
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Table 16:  Single factor ANOVA for crop tree volume increase between 2001 and 2003.

SUMMARY

Groups Count Sum Average Variance

Control 5 4.723 0.9446 0.13619

Fertilization 5 9.318 1.8636 0.05366

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 2.1114025 1 2.1114025 22.2424 0.0015096 5.31764

Within Groups 0.7594164 8 0.0949271

Total 2.8708189 9
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Figure 1:  Average height of western redcedar and western hemlock.

Figure 2:  Average volume of top 15 crop trees per plot
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