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Executive Summary
Forest productivity of many coastal forests has been improved by fertilizer application. Western Forest Products
established fertilization treatment monitoring plots together with controls in a variety of stand types in TFL 6 to
examine the effects of aerial broadcast fertilization on stand volume.  These stand types include early rotation
CH and CH-HA transitional stands, and early and mid-rotation Douglas-fir stands.

This report includes volume analysis of the 1989 and 1999 operational fertilization program as well as foliar
nutrient analysis for decisions on re-fertilization.  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.

Significant response to fertilizer is again reported for western redcedar and western hemlock sapling stands on
salal-dominated ecosystems.  Though promising trends are indicated for response of sapling Douglas-fir to
fertilizer, the response was not significant.  Further study on this site type is recommended.  The pole-stage
Douglas-fir stands showed little promise for response after five years, but the literature suggests this site type
warrants further examination.

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, making fertilization a
valuable tool to maintain present cut levels or to fill in height-class distributions.  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 (Blevins and Prescott 2002).  The response to
fertilization in the stand establishment phase 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) and
central Vancouver Island (van Niejenhuis 2004).

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
Monitoring plots were re-measured to evaluate the response of western redcedar, western hemlock, and
Douglas-fir to broadcast aerial fertilization applications.  In other previously fertilized stands, foliar sampling was
undertaken to determine if the foliar nutrient concentrations indicate nutrient deficiencies by comparing to
published threshold values.

Methods
Operational Fertilization Monitoring Plot Stand Descriptions

All stands selected for fertilization in 1989 were classified as S1ch sites (Lewis 1982) with significant amounts of
salal developing in the understory.  Salal heights were generally reported at 50 to 70 cm on these stands at time
of fertilization.   The 1989 operational fertilization monitoring plots occur on sites that were logged between 1961
and 1978.  Though records are incomplete for this period, many of the areas were burned after harvest to
reduce slash loads and potential for wildfire.

Planting records are likewise incomplete for many of these stands.  Planting is reported for the Lake Main and
Moore Lake Main stands.  Stand ages vary from 10 to 28 years.  Table 1 details the number of trees at the 2003
measure by species within each of the plots.
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A variety of stand types were selected for fertilization in the 1999 operational fertilization program.  Monitoring
plots were established in sapling and pole stage Douglas-fir stands, in typical S1ch sapling stands, and in a
S1ch/ha transitional stand.

The stand at Varney 550 (V550) was logged in 1984, not slash-burned, and planted to Douglas-fir in 1985.  At
the time of the 2003 measurements, the sapling stand is comprised of Douglas-fir and western hemlock (Table
2).  The Douglas-fir on this site had an average height of 10 m after the 1998 growing season.  This portion of
TFL 6 occurs on a limestone formation, and is classified as S12 by Lewis (1984).

The West Main stand was logged in the early 1970s and planted in 1975 and 1977 to Douglas-fir, western
hemlock, and western redcedar.  Douglas-fir and western hemlock dominated the 2003 measures in this pole-
stage stand (Table 2).  The Douglas-fir had an average height of 17 m when the monitoring plots were
established.

The Quarry Main stand included in the 1999 operational fertilization program was planted in 1967.  As of 2003,
the stand is occupied only by Douglas-fir (Table 2).  These averaged 21 m in height when the monitoring plots
were established.

Two sapling stands dominated by western redcedar and characterized as S1ch (Lewis 1982) were fertilized in
1999.  These included the Rupert 600 and Misty 900 stands (Table 2).  When the monitoring plots were
established in 1999, the average height of western redcedar on the plots ranged from just under 3 m to 4.5 m.

Two plots were established for observation purposes on S1ch areas planted to western white pine (Pinus
monticola Dougl. Ex D. Don) and Douglas-fir in 1989 (Table 2).  The Douglas-fir averaged 3.6 m compared to
the western redcedar height of 4.2 m at time of fertilization.  The western white pine averaged 3.3 metres prior to
fertilization.

Foliar Sampling and Foliar Nutrient Analysis

Foliar samples were collected from 12 sapling stands following the protocol established in the Forest Fertilization
Guidebook (Anon 1995).  Samples were collected in January of 2004.  A total of 16 western redcedar samples
were collected; as a leading species at all sites it was sampled the most.  In seven of these 12 sapling stands,
western hemlock was a significant species, thus it was sampled at these sites.  In one of the 12 stands, amabilis
fir (Abies amabilis Dougl. Ex Forbes) was a significant part of the species composition and was likewise
sampled.  A listing of the stands together with dates of previous fertilization are included in Table 3.

Foliar samples were dried in an oven at 70 C for 12 hours.  Western hemlock and amabilis fir samples were then
prepared by removing all woody material from the samples.  All samples were labeled and recorded, and
shipped to Pacific Soils Analysis Inc. where the Forest Foliar Basic nutrient analyses (including N, P, Ca, Mg, K,
S, Cu, Zn, Fe, Mn, B, and Al) was undertaken.

For comparison purposes, adequate levels of N, P, K, Ca, and Mg were obtained from the Forest Fertilization
Guidebook (Anon 1995).

Installation

The 1989 operational fertilization monitoring plots were established at ten sites on northern Vancouver Island.
All plots were established and had establishment data recorded by March 31 of the year.  Circular plots were
established to include a minimum of 30 trees of greater than 1.3 m height, thus plot sizes varied from 50 m2 to
150 m2.  All eligible trees within each plot were tagged with a unique number.

Fertilizer treatments for the 1989 operational fertilization program were nitrogen at 225 kg/ha and phosphorous
at 75 kg/ha.  This was delivered in a mix of urea (54%) and monammonium phosphate (46%).

For the 1999 operational fertilization monitoring, plots were established between February and April of 1999.
Circular plots of varying sizes (50 m2 to 400 m2) were marked in the field with centre posts.  All trees of greater
than 1.3 m within the determined radius were tagged with a unique number.  Plot radius was adjusted to include
a minimum of 30 measurable trees.

A data file was established for each plot.  Tree species, tree height, and tree dbh were recorded for each tagged
tree in the plot.  Data collected in 1999 was graphed to screen for outliers and obvious key-punch errors, and
checks were promptly completed as necessary.
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Re-measures

The 1989 operational fertilization monitoring plots were measured after the 1989, 1990, 1994, and 2003 growing
seasons.  At each time, all tagged trees, apart from those that had died since establishment, were measured for
height and dbh.  These measures were recorded together with data from previous years by unique tag number.

The 1999 operational fertilization monitoring plots were re-measured for the first time after the 2003 growing
season, five growing seasons after fertilizer application.  At this time, all tagged, living trees in each plot were
measured for height and dbh.

All 2003 measures from both sets of plots were screened for outliers and key-punch errors, and prompt checks
were made in the field.

Data Analysis

Data collected in 2003 were further screened for anomalies.  All trees reported as dead in 2003 were removed
from the data sets.

For each tree measured, additional variables were determined.  Height increment was determined by subtracting
tree height at establishment from tree height in 2003.  Proportional height increment was determined by dividing
the actual height increment by the tree’s original height at time of fertilizer application.  Volume for each tree was
determined for both original and 2003 measures.  Volume was estimated using the equation for the volume of a
cone, and taking one half of the dbh as the base radius.  Proportional volume increment divided the estimated
volume increment by the original volume to determine a per cent increase in volume for each tree.

All stands in the 1989 program were combined for ANOVA.  Despite the disparity in stand age at time of
fertilization, the stands were generally of similar structure and composition.  To minimize the variance, only
proportional variables were examined.  These included proportional height increment for each of the two leading
species, western redcedar and western hemlock, and included all living trees at the time of the 2003 measures.

For each stand in the 1999 monitoring program, single factor Analysis of Variance (ANOVA) was employed to
examine the differences between control and fertilizer treatments.  The variation in stand structure, composition,
and age did not permit for combining the plots.  Variables examined included the average height increment by
species for all trees in the plots.   Average proportional volume increment including the tallest 30 trees of all
species (750 sph) in the 400m2 plots, the tallest 15 trees of all species (750 sph) in the 200m2 plots, and the
tallest 10 trees (2000 sph) in the 50 m2 plots was also examined by ANOVA.

Results
Foliar Nutrient Analyses

Nitrogen concentration in western redcedar samples varied from 0.97% to 1.24%.  No samples indicated
adequate concentration of foliar nitrogen.  Severe nitrogen deficiency was indicated at six of the 12 stands
sampled.  These six stands included four stands fertilized in 1999, one stand fertilized in 1997, and one stand
never fertilized.  The remaining six stands had all been fertilized in 1999 (Table 3).

Nitrogen concentration in western hemlock foliage varied from 0.72% to 1.07%.  Five of the seven stands
sampled showed severe foliar nitrogen deficiency (Table 3).  All stands from which western hemlock samples
had been collected had been fertilized.  Only two of the stands, both fertilized in 1999, showed better than
severe nitrogen deficiency; both of these were considerably below the adequate level.

Adequate levels for amabilis fir foliar nutrient concentrations are not published.  This data serves to add to other
foliar nutrient concentrations reported for this species.

No other foliar nutrient concentrations showed severe deficiency for either western redcedar or western hemlock
(Table 3).

Growth Response to Fertilization

1989 PLOTS:  ANOVA results indicate that western redcedar height response to fertilizer is very significant for
plots fertilized in 1989 (Table 4).  The probability of equal means is less than 1%.  This confirms earlier analyses
of these trials by Bennett (1997).  The height increments over 15 years of control plot western redcedar are
122% of the original average height, thus average tree heights are slightly more than doubled by 2003.  The
height increments of fertilized plot western redcedar are 225% of original average height, thus average tree
heights are slightly more than tripled by 2003.
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Similar response is illustrated by ANOVA for western hemlock height increments over 15 years in the 1989
monitoring plots (Table 5).  Western hemlock shows a favourable response to fertilizer, with probability that the
proportional height increment of control plots being equal to that of fertilized plots of less than 1%.  Where
control heights have doubled since 1989, the heights of fertilized trees have tripled.

1999 PLOTS:  The stand at Varney 550 is a young Douglas-fir and western hemlock stand.  No significant
difference between control and fertilized plots is indicated by ANOVA for Douglas-fir or western hemlock
proportional height increment, or for proportional volume increment of the dominant trees at the 10% probability
(Table 6).  Probability that these means are equal ranges from 15% to 39%.

Both the West Main and Quarry Main sites are mid-rotation Douglas-fir stands.  The Douglas-fir at West Main
indicates a significant height response to Fertilizer; the probability that the mean proportional height increment of
the control is equal to that of the treated stands is 10%.  Neither the western hemlock proportional height
increment nor the proportional volume increment for the West Main stand indicates significant differences.  At
Quarry Main the proportional height increment for Douglas-fir again indicates significant differences between
control and treatment, but in this case the control is outperforming the fertilized plots (Table 6).

The Rupert 600 and Misty 900 stands are young western redcedar plantations on salal-dominated sites.  Neither
shows any significant differences for the variables tested (Table 6).

ANOVA of the variables at the S731 stand indicate significant differences between control and fertilized plots for
all variables examined.  Proportional height increments for fertilized western redcedar are almost double those of
controls.  For western hemlock this ratio increase to four.  The proportional volume increment for the treated
plots is more than double that of control plots (Table 6).

Descriptive statistics are provided for the four major species found on the two plots at Rupert 415 (Table 7).  At
time of treatment, the western redcedar had the greatest average height.  Five growing seasons after fertilization
the Douglas-fir has matched the height of the western redcedar.  The size of the average tree for each species
was multiplied by 750 to give a volume per hectare at 750 sph.  Western redcedar shows the greatest volume.
Despite the gains made in height increment by Douglas-fir, western redcedar also illustrated the greatest mean
annual increment for the five years post-fertilization.

Discussion
Significant positive responses to fertilizer treatments were illustrated by ANOVA.  Western hemlock occurring in
salal-dominated ecosystems displayed strong positive response, as seen at S731 in the 1999 monitoring plots,
and the combined 1989 monitoring plots.  This response was expected, based on the SCHIRP findings (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).  Western redcedar response to fertilizer on salal-dominated sites
was likewise positive for the 1989 monitoring plots and two of the three sites of the 1999 monitoring plots.

The Varney 550 Douglas-fir sapling stand did not respond significantly to fertilization.  However, the trends are
evident and suggest that this is a statistical problem where the variance has swamped the differences between
the treated and untreated plots.  These plots will be analysed with additional plots on similar sites as they
become eligible for fertilization.  Further exploration of the effects of fertilization of this site type on northern
Vancouver Island is warranted based on the magnitude of the response.

Response of pole-stage Douglas-fir to fertilization was not promising.  Miller and Reukema (1974) reported
significant basal area effects five years after fertilizer was applied to 75-year old Douglas-fir.  The comparison of
volume increments in the 1999 monitoring plots would have magnified a basal area effect if it was significant.
Though the results of these plots, to date, are not promising, the design weaknesses of these monitoring plots
should be addressed before a final decision is made on the efficacy of this treatment.

These monitoring plots show the weaknesses of inadequate replication.  A strong case will be made by
combining monitoring plots with those of other years for the salal-dominated sites.  At present, no additional
plots in similar stand types are available for combining with the Douglas-fir monitoring plots.

Recommendations for future design of treatment monitoring plots include ensuring five replicates of each of
control and treatment in homogeneous site types.  To examine volume of crop trees, plot size should not be less
than 200 m2.  Minimum dbh may be applied to include only potential crop trees, however; in mixed species
stands the value of selecting different minimum dbh for the various species should be explored.  Each species
has a different height to dbh ratio, with dominant western hemlock in these plots often having considerably
smaller dbh than the co-dominant western redcedar.
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Table 1: Number of trees by species in the 1989 fertilization monitoring plots.

Ss Ba CW Yc Fd HW Pl YewSite
(Stand
Establish
– Year)

Rep
Plot
Size
(m2) cont fert cont fert cont fert fert fert cont fert cont fert fert

Misty Mn 1 70 27 6

(1961) 150 5 28 1

2 70 2 20 7 10 24

3 50 10 36 24 17

1 50 6 3 1 2 24 32

N200
(1969) 2 70 3 30

M 1000 1 70 1 1 34

(1962) 100 6 29

2 70 14 16 16 12

Lake Mn1 1 50 4 1 48 36 54 27

(1972) 2 50 4 6 1 27

3 50 1 1 1 29

NW300 1 50 2 4 23 28 4 11 1

(1964) 2 70 4 5 17

3 50 2 5 20

Moore
Lake Mn 1 50 1 13 14 31 22

(1974) 2 70 1 32

ML 72 1 50 2 65

(1978) 2 50 1 2 39

Raft 100 1 50 2 1 31

(1978) 2 50 36

3 50 2 2 5 22

Topknot
Mn 1 70 2 1 34

(1978) 2 50 12 25

NE 100 1 50 11 25 15

(1965) 70 1 1 30

2 50 2 12 27 2
1 Fertilized plots 1 and 2 received a second fertilizer treatment in 1997.
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Table 2:  Number of trees by species in the 1999 fertilization monitoring plots.

SS CW FD HW BA PW PL
Site Rep

Plot
Size
(m2) cont fert cont fert cont fert cont fert fert fert cont

Planting
Year

V550 1 400 2 5 19 16 35 84 1985

2 400 18 34 31 17

3 400 4 1 1 21 17 27 32

West Mn 1 200 15 17 10 11 1975-77

2 200 1 1 1 25 19 5 4

3 200 3 12 21

S731 1 50 1 16 22 19 14 1 1973

2 50 2 4 12 12 35 25

Rupert 600 1 200 23 26 3 2 1989

2 200 26 25 2 2

Rupert 415 1 400 1 1 27 1989

2 400 1 28 27 20

Quarry  Mn 1 400 24 30 1967

2 400 33 31 2

Misty 900 1 400 52 63 1 1 1988

2 400 47 56

3 400 63
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Table 3:  Results of foliar nutrient analyses.
Spp Area Stratum Previous

Fertilizer
Application

(year)

N
(%)

P
(%)

K
(%)

Ca
(%)

Mg
(%)

Ba Topknot 1000 B 1997 0.64 0.14 0.61 0.20 0.08
Cw Adequate 1.45 0.16 0.80 0.25 0.14

Severe 1.10 0.10 0.35 0.10 0.05
Block 130 A 1.06 0.20 0.47 0.66 0.14

B 0.98 0.17 0.41 0.69 0.10
Botel 120 A 1999 1.24 0.24 0.55 0.65 0.17

B 1999 1.11 0.19 0.38 0.73 0.15
Botel 300 A 1999 1.11 0.22 0.44 0.63 0.14
Botel 600 A 1999 1.04 0.20 0.49 0.61 0.15

Moore Lk 80 B 1999 1.04 0.18 0.53 0.65 0.11
Moore Lk 800 A 1.09 0.20 0.50 0.65 0.15

NE 66 B 1999 1.12 0.20 0.37 0.70 0.11
S 731 B 1999 1.15 0.17 0.43 0.71 0.13

San Jo 47 B 1999 1.14 0.19 0.40 0.79 0.13
Simpson 1000 A 1999 1.14 0.23 0.59 0.56 0.17
Simpson 200 A 1999 0.97 0.18 0.35 0.81 0.17

B 1999 1.17 0.21 0.50 0.81 0.15
Topknot 1000 A 1997 1.00 0.16 0.52 0.71 0.12

B 1997 0.99 0.17 0.40 0.69 0.12
Hw Adequate Level 1.35 0.25 0.65 0.10 0.10

Severe 1.00 0.11 0.40 0.06 0.06
Botel 120 B 1999 0.77 0.17 0.46 0.16 0.11

Moore Lk 80 B 1999 0.99 0.19 0.49 0.18 0.13
Trans B 1999 0.87 0.22 0.55 0.15 0.12

NE 66 B 1999 1.02 0.23 0.56 0.19 0.13
S 731 B 1999 0.89 0.20 0.47 0.21 0.13

San Jo 47 B 1999 1.07 0.21 0.49 0.24 0.12
Simpson 200 B 1999 0.82 0.19 0.50 0.23 0.14
Topknot 1000 B 1997 0.72 0.14 0.53 0.20 0.16
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Table 4:  ANOVA results for western redcedar average proportional height increment.

SUMMARY

Groups Count Sum Average Variance

cont 10 1223.25 122.325 6674.109

fert 22 4963.145 225.5975 8986.76

ANOVA

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

Between Groups 73323.36 1 73323.36 8.841634 0.005761 4.170886

Within Groups 248788.9 30 8292.964

Total 322112.3 31

Table 5:  ANOVA results for western hemlock average proportional height increment.

SUMMARY

Groups Count Sum Average Variance

cont 10 1074.734 107.4734 3177.137

fert 24 4873.849 203.077 3418.3

ANOVA

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

Between Groups 64517.99 1 64517.99 19.25638 0.000116 4.149086

Within Groups 107215.1 32 3350.473

Total 171733.1 33
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Table 6:  Average increments ANOVA results for 1999 operational fertilization monitoring plots.

Site Species Variable Control Fertilizer Probability of
equal means

Minimum trees
per sample

Varney 550 Fdc % Height Increase 41.7 47.7 0.153 16

Varney 550 Hw % Height Increase 42.4 60.3 0.219 17

Varney 550 All (750 sph) % Volume Increment 192.0 221.4 0.390 30

West Main Fdc % Height Increase 19.7 24.2 0.100 12

West Main Hw % Height Increase 19.7 21.2 0.739 4

West Main All (750 sph) % Volume Increment 64.7 74.8 0.554 15

Quarry Main Fdc % Height Increase 14.6 12.1 0.011 24

Quarry Main All (750 sph) % Volume Increment 53.9 39.5 0.222 24

Misty 900 Cw % Height Increase 53.1 73.8 0.292 47

Misty 900 All (750 sph) % Volume Increment 529.4 981.1 0.281 30

Rupert 600 Cw % Height Increase 58.7 58.4 0.966 23

Rupert 600 All (750 sph) % Volume Increment 553.5 647.5 0.545 15

S731 Cw % Height Increase 34.4 56.3 0.012 12

S731 Hw % Height Increase 16.9 81.7 0.106 14

S731 All (2000 sph) % Volume Increment 157.7 377.5 0.042 10

Table 7: Descriptive statistics for conifers on two plots established in demonstration plantations.

R415 Cw Fdc Hw Pw

Average Height 1998 429 364 207 332

Average Height 2003 686 690 528 551

Average Height Increment (%) 63 102 162 69

Average Volume 2003 (m3/ha @750 sph) 20.48 13.58 2.91 11.92

Annual Increment for past five years (m3/ha/yr @ 750 sph) 3.51 2.34 0.57 2.05
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