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Project purpose and management implications 
Over the past decade the value of red alder products has steadily increased. Consequently the forest 
industry has moved from merely conifer replacement of alder stands to active reforestation and 
management of alder on short rotations. Two critical factors in management of short rotation crops 
are: growth and yield projections and fertilization regimes. 
 
This project evaluates various management regimes for red alder plantations in coastal BC. In 
experiment 1, effects of spacing, thinning, and pruning on growth and wood quality are assessed over 
the length of an alder rotation (25-30 years). 
 
The objectives of experiment 2 are to assess long-term effects of P additions on alder stand growth and 
mortality and soil carbon and nitrogen accumulation on a site considered to have sub-optimal moisture 
availability for red alder. FY2005-6 was the fifth year following the initial P applications to a 
plantation containing seedlings planted in fall 1999 and spring 2001. In 2005-6, we measured: (1) stem 
growth and foliar nutrient concentrations in all three P treatments and both seedling cohorts (2) whole-
tree water use (via sapflow measurement techniques), leaf-level water use efficiency (through 
measurement of foliar δ13C), individual tree leaf areas, and foliar nutrient concentrations in the P0 and 
P2 treatments. Through 5 growing seasons, P additions increased dbh by 18% and stem volume by 
48% in the 1999 cohort and by 48% and 122% in the 2001 cohort. P additions increased plot mean 
foliar N and P concentrations in the 1999 cohort, but less so than in previous years. Foliar 
concentrations of N and P did not differ between P0 and P2 trees, nor did δ13C. However, P2 trees 
exhibited higher daily sap fluxes and daily sap flux per unit leaf area than did the P0 trees.  
 
The objective of experiment 3 is to assess long-term effects of P additions at planting on alder grown 
on rich, moist sites typical of those considered most suitable for alder management. Experiments 
which added 0, 30, or 60 g P tree-1, shortly after planting, were established at plantations near Sayward 
and Snowden Road (north of Campbell River). The design was identical to that used for a fertilization- 
at-planting experiment established near Powell River in 2004 as part of this project. Foliage was 
sampled in August 2005 for determination of foliar elemental concentration and δ13C; heights and 
basal diameters were measured in November 2005. P additions increased first-year height (20% at 
Snowden; 24% at Sayward) and volume (104% at Snowden; 134% at Sayward) and  increased 
individual leaf mass and foliar concentrations of N, P, Ca, Mg, and S. At Powell River, P additions in 
2004 increased height and volume through 2 years by 22 and 101%, respectively. P additions 
continued to increase foliar P concentrations in year 2, albeit less so than in year 1. In all three sites 
fertilized at planting, δ13C became less negative with P additions (Table 4), and correlated with foliar 
concentrations of P (became less negative as P increased) and with individual leaf mass and basal 
diameter. This suggests that P additions increased water use efficiency. It is unclear if the effect was 
direct or mediated through increases in N uptake and assimilation. 

Project history 
Fiscal year Funding source Project number 
2001-02 FIA PAR02001-01 
2002-03 No funding 
2003-04 FIA-FSP  
2004-05 FIA-FSP Y051159 
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These experiments are stand-level, long-term projects extending to the rotation age of the alder stands 
(25-30 years) 

Methodology Overview 

Experiment 1 
 
This experiment continues with the existing growth and yield trials that are part of the network of 
installations established by the Hardwood Silviculture Cooperative (HSC). Over the past 12 years 
these trials have been planted and monitored. Various stand entries have been carried out to thin or 
prune treatment plots, concurrently with tree measurements. The resulting data is compiled by the 
HSC to build a growth and yield database for red alder in the Pacific Northwest. MoF stand modellers 
in Research Branch have used the data to calibrate the TASS model for growth and yield projections. 
Continued work on these trials is needed to complete the database over one rotation of alder (25-30 
years). 

Treatments 
The experiment is structured with the following growth and yield objectives: 
 
1. establish a density series of red alder plantations over a range of climate, physiography and site 

quality, 
2. within plantations, establish a series of density manipulations over a range of entry ages, 
3. develop growth, yield and mortality functions/tables for managed planted stands, and 
4. investigate the effects of these stand management activities on wood quality. 
 
Installations consist of 12 treatments (Table 1). 
 
Table 1. Experiment 1 plantation treatments. 

treatment initial planting 
density (st/ha) 

nominal 
spacing (m) 

at age or height 
to live crown 

re-space to this 
density (st/ha) 

other 
activity 

1 247 5.8    
2 568 3.8 control   
3 568 3.8   prune 
4 1297 2.5 control   
5 1297 2.5 3-5 years 568  
6 1297 2.5 4.6-6.1 m 568  
7 1297 2.5 9.1-9.8 m 568  
8 2967 1.7 control   
9 2967 1.7 3-5 years 568  

10 2967 1.7 4.6-6.1 m 568  
12 2967 1.7 4.6-6.1 m 247  
13 1297 2.5 4.6-6.1 m 247  

 
The four initial planting densities are established in planting blocks. The 1297 and 2965 st/ha 
treatments each require 3 or 4 blocks large enough to accommodate 0.5 ha buffered plots for the 
different re-spacing entries. The 568 st/ha initial density requires area for two blocks and the 247 st/ha 
requires area for one block. If necessary, each treatment plot may be established in a different planting 
block. The minimum size for an independent planting block is 0.5 ha. The large planting blocks are 
designed to provide adequate representation of stand-level characteristics such as size distribution and 
yield per unit area over a rotation of 25-30 years. 
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One installation was planted at Campbell River in March 1993 using stock mostly grown from seed 
collected from stands in the area. Biogeoclimatic subzones are provisionally recognized as seed 
transfer zones for red alder in B.C. Two installations were planted in 1994, near Ucluelet (Lucky Ck) 
and near Coombs (French Ck) using seed from appropriate subzones. Sites were chosen according to 
the climate/physiographic regions recognized by the HSC. Regions 1 and 4 are target areas with 
Campbell River representing a medium site and French Ck a poor site in region 4 and Lucky Ck a high 
site in region 1. Site quality evaluation is based on site index (m/20 yrs, Harrington and Curtis 1986) 
where poor is 14-17 m, medium is 18-20 m and good 21+ m. 

Measurements 
Permanent measurement plots are established within the blocks. These are 37 x 37 m plots with 15 m 
buffers on three sides and a 24 m buffer on the fourth to allow for destructive sampling for measures 
of stem taper and wood quality. Measures of height, diameter at breast height, 1.3 m (dbh), height to 
live crown (hlc), fork, lean, stem curvature and tree condition are made in the fall or winter at three 
year intervals to age 12 and thereafter at five year intervals. The raw data will be sent to the HSC staff 
using their protocol format. All trees in the measurement plot will be tagged. The duration of these 
trials is 25-30 years. 
 
Pruning is carried out on one block in the 568-density treatment (treatment 3). Trees are pruned in 1.7 
m lifts when mean plot height reaches 4.5, 9.0 and 13.5 m, always maintaining at least 60% crown. 
The emphasis on pruning is to increase the wood quality of alder. The select furniture grades 
containing clear wood currently result in lumber values 5 times higher than lower grades. 
 
The 3-5 year spacing is carried out after the first summer when lower branch mortality becomes 
apparent but no later than the fifth winter after planting. Leave trees for this and later spacings are 
selected on the basis of dominance and form at the nominal spacing. 
 
The HSC provides a downloadable field manual (http://www.cof.orst.edu/coops/hsc/) for members to 
refer to treatment and measurement protocol. 

Analysis 
The primary design for data analysis is a regression model for predicting tree and stand level attributes 
of growth yield and mortality. The sampling matrix and the various regimes repeated at each site are 
designed to ensure an adequate range in important variables for the model. Comparisons of specific 
treatments of categories produced by the region-by-site class sampling matrix and the spacing-by-age-
of-entry regimes are not the primary goal. The primary level of replication is between installations 
within site index classes. The important characteristics of the modelling approach currently being 
considered are: 
 
1. individual-tree distance independent model, driven by height growth, 
2. simulation of stand and tree development for established stands and stands initiated from 

plantations, 
3. and allowance of the incorporation of relationships between wood quality and silviculture. 
 
Dependent variables include height growth, dbh growth, stem taper, hlc, change in hlc and probability 
of mortality. Independent variables include various expressions of stand density and stocking, current 
height, current dbh, site index (potential height growth), various measures of crown position or crown 
competition, crown ratio, age and position of tree in size distribution 
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Experiment 2 
The planned tasks for experiments 2 & 3, and the 2005-6 year-end status were as follows: 
 

Expt Task status, March 31, 2006 
2 measure sapflow  Complete 
 measure air temperature, vapour pressure deficits, and soil moisture 

content (incl. >30cm depth) 
Complete 

 sample foliar sampling and analyze for nutrients, δ13C Complete 
 measure leaf area on sapflow trees Complete 
 measure tree height, dbh  Complete 
 analyze, summarize data Complete 

3 establish additional fertilization at planting experiments Complete 
 sample soil and foliage-analyze for elemental and δ13C Complete 
 measure tree height, basal diameter Complete 

 analyze, summarize data Complete 

Sapflow 
P0 and P2 plots were paired by proximity and two trees were selected for sapflow measurements using 
the heat pulse technique in each P0 and P2 plot. Beginning in April, sapflow probes (Greenspan 
Technologies) were installed at a height of 30-50 cm, below leafed branches and located to avoid any 
stem deformities. Probes were installed at sensor depths of 3 and 13mm. Sapflow was measured in 
each pair of plots for  up to 14 days after which probes were moved to selected trees of the next plot 
pair. The first measurement cycle lasted through June. The measurement cycle was then repeated on 3 
pairs of plots in August and September, giving 2 sets of measurements for those three plot pairs at 
early and late in the growing season. 
 

Microclimate and soil moisture 
Soil moisture content at 0-30cm was measured periodically throughout the 2004 growing season using 
a TDR probe and rods anchored into soil near each plot centre. An additional pair of rods was 
established at 30-60cm depth in one plot.  Air temperature and relative humidity was measured 
continuously beginning in May 2004; these measurements were used to calculate vapour pressure 
deficits. Rainfall was measured periodically. Data were supplemented by monthly rainfall data from 
the nearby Bowser seed orchard. 

Foliar elemental and 13C concentrations 
Recently-matured foliage was sampled in late June on sapflow trees (see below) for determination of 
elemental and 13C content. Foliage sampled was kept separate by tree and stored in a cooler, then 
oven-dried. Half of each sample was reserved for 13C analysis. These samples were prepared in Dr. 
Rob Guy’s laboratory at UBC and then analyzed for 13C, C and N concentration at the UC-Davis 
Stable Isotope Facility. The sample remaining was then analyzed for elemental concentrations at the 
Ministry of Forests analytical lab. Total N and C were determined by micro-Dumas combustion using 
an automated NCS analyzer. For other elements, samples were digested in a microwave digestor with 
a mixture of 30% H2O2 and concentrated HCl and HNO3 (Kalra and Maynard 1991), then analyzed by 
inductively-coupled argon plasma emission spectrometry (ICAP). 
 
As in previous years, plot mean foliar elemental content were determined by sampling in mid-August 
a recently-matured leaf from a first-order branch on the upper third of the crown on each of the 20 
trees sampled in prior years.  Samples were composited by plot, oven-dried and analyzed for elemental 
concentration as described above. 
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Leaf area of sapflow trees 
Leaf areas on sapflow measurement trees were estimated in mid-summer 2006. Leaves were 
systematically selected along the leading shoot and along every 10th first-order branch and lengths 
measured. Bud scars along each sample branch were also counted. Leaf lengths were related to 
projected area using a regression developed from destructively sampled leaves. Actual leaf area of 
each sample branch was estimated based on average leaf area and numbers of leaves. Average leaf 
area per branch was then scaled to the whole tree based on the fraction of branches sampled. 

Stand growth and mortality 
Tree heights and dbh were measured and trees assessed for defects and presence of catkins in January 
2006. Stem volumes were estimated assuming the stem was a cone. Through 2003, basal diameter was 
used to calculate the area of the cone base. Basal diameter (bd) was not measured in 2005. Instead, bd 
was estimated from dbh using data collected in 2003. Volumes were then calculated using the 
estimated bd. 

Experiment 3 Fertilization at planting 

New experiments 
One new experiment was established in spring 2005 near Sayward and a second at Snowden Road 
(near Campbell River) to supplement the initial experiment established south of Powell River in 2004. 
Sites were classified as more moist and fertile than the McColl site in experiment 2. Seedlings were 
planted in March 2005 at ca. 1400 trees ha-1.  
 
Fifteen plots were established at each site in April 2005. As in the initial (Powell River) experiment, 
there were 3 plots in each of 5 blocks. Treatment plots were each 25m x 25m, with an inner circular 
measurement plot of radius 8.3m. The target number of measurement trees was 30 plot-1 and, for the 
entire plot, was 87. Untreated buffers separated plots. Seedlings were tagged and heights and basal 
diameters measured.  
 
Phosphorus was added at 0, 30, or 60 g tree-1 as triple super phosphate ((TSP; 0-45-0), equivalent to 0, 
153, or 306 g TSP per tree. Each treatment was randomly assigned to one of three plots in each block. 
P was applied in shovel holes  15 cm from each seedling. Fertilizer was added in April 2005. 

Sampling and analysis of soil and foliage  
“Pre-treatment” soil sampling was delayed until end-of-season tree measurements were made in 
October. Care was taken to ensure that fertilizer placed around trees was not accidentally sampled. 
One newly mature leaf from the upper crown was sampled from each measurement tree in all three 
sites in mid-August 2005. Leaves were composited by plot, oven-dried and weighed. The dried 
composited samples were divided; half  was analyzed for elemental content, and  half  for 13C content 
as described for experiment 2. 

Measurement of stem growth 
Heights and basal diameters were re-measured in fall 2005. These (and foliar) data were analyzed by 
analysis of variance (ANOVA) for a randomized complete block design using initial growth 
measurements as covariates. Sites were analyzed separately. 

Project scope and regional applicability 
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In 1988 the Hardwood Silviculture Cooperative was started at Oregon State University with the goal 
of providing the forestry community with an understanding of the regeneration and stand management 
of alder to contribute to both economic and ecological forest management objectives. Over the last 16 
years, 26 variable density pure alder plantations (type 2) have been established. In addition, four 
experiments have been established in natural alder stands (type 1) and 7 Douglas-fir/alder mixed 
stands have been planted (type 3). The HSC members represent industry, government and academic 
sectors from the US and Canada who have established the 37 trial installations throughout the Pacific 
Northwest. The Ministry of Forests has been a HSC member since 1988 and has established three 
variable density plantations, one natural alder stand trial, and two in the mixed trial series. 
 
The subject of experiment 1 is continued work on the type 2 trials in BC for 2005-6 to keep them at a 
level consistent with the HSC objectives and the schedule of treatments.  
 
Apart from work on Weyerhaeuser’s private lands in western Washington, the HSC trials represent the 
only research effort to build a growth and yield database from red alder plantations. In addition, the 
HSC database is far more representative of alder’s range and is more available to public agencies. The 
data will allow growth and yield modelling of alder (e.g. TASS and TIPSY – MoF growth and yield 
models) and the design of short and long-term management regimes. This is exactly what industry and 
the Forest Service presently require for prescribing alder management strategies. 
 
In experiment 2, effects of phosphorus (P) supply on long-term growth, site fertility and water use 
efficiency will be assessed. The ongoing study of growth responses to P supply builds on earlier short-
term studies showing that stem growth of young alder was often limited by low availability of P.  This 
study will provide data on long-term, stand-level growth responses of alder to P nutrition, as well as 
information on long-term accumulation of soil nitrogen and carbon. Alder is less tolerant of moisture 
stress than is Douglas-fir. This may limit its usefulness as an alternative species on sites with 
laminated root rot. However, P fertilization can have greater effects on growth of alder on drier soils. 
Possibly, improved P nutrition compensates for growth reduction due to moisture stress. If so, 
fertilization of young alder with P might expand the range of sites in which alder could be used to 
mitigate root rot. Experiment 2 is located on a slightly dry-fresh, root-rot infected site. Growth has 
increased with P supply to-date. An objective of the experiment is to determine if P supply affects 
water use and water use efficiency. Carbon isotope discrimination in plant tissue will be measured as 
an integrated measure of water use efficiency. 
 
In experiment 3, additional P fertilization trials are established on different site series to broaden the 
application of research to operational conditions. This experiment will periodically measure growth 
responses from a one-time fertilization with P. This will complement the ongoing fertilization of 
experiment 2 that has an objective of maintaining differences in P nutrition and has necessitated 
periodic re-fertilization of plots 

Interim conclusions, inference or information that may be immediately useful to forest 
practitioners and other researchers 

Experiment 1 
 
The progress of natural crown lift is checked yearly to determine if trees are ready for thinning. When 
hlc reaches approximately 5 m some treatments (Table 1) are thinned from their establishment 
densities to 247 or 568 st/ha. At the same time measurements are taken of height, dbh and hlc on these 
plot trees prior to thinning as well as on associated control treatments to compare responses to 
treatment. On a routine basis conifer ingrowth is brushed out of these plots and buffer areas. This 
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fiscal year at Lucky Ck, plots 3 and 6 (representing treatments 10 and 12, respectively) were thinned 
having met the criteria. Plot 9 (treatment 6) was not ready and will be checked next year. Plot 1 was 
pruned for the second lift, up to 3.4 m leaving at least 60% crown. In addition, plots 1,2,4,5,8,10 and 
11 were measured for height, dbh and hlc as per the 12th year remeasurement schedule. 
 
Twelfth-year measurements were also completed for the French Creek installation. Approximately 
1300 trees were measured (height, dbh and hlc) and plot 10 pruned for the third lift (to 5.1 m). The 
criterion for pruning was reaching 13.5 m height. 
 

Results 
The height measurement carried out in the 12th year of the Campbell River installation (last year) is 
compared to this year’s measurements at French and Lucky Cks (Figure 1). The treatments are not 
comparable because they are not replicated by site, however, the figure shows a range of growth 
responses on sites that vary in productivity from poor (French Ck) to medium (Lucky Ck and 
Campbell R) and climatically from CWHxm1 (French Ck), CWHxm2 (Campbell R) and CWHvm1 
(Lucky Ck). 
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Figure 1. Height (m) for treatments (see Table 1, treatment 7 is not measured until thinning) at the 
three sites in the study. 

Experiment 2 

Sapflow and leaf area 
During the April-June sampling period, daily sap fluxes and peak sap velocities were greater at 3mm 
than at 13mm depth (α = 0.05; paired t-test). At 3 mm depth, P2 trees had greater (α = 0.10) daily sap 
flux  and sap flux per unit leaf area  Peak mid-day sap velocities did not differ at 3mm in either period. 
Projected leaf areas of sapflow sample trees did not differ between P0 and P2 treatments. The larger P-
fertilized trees appeared to be transpiring more water over comparable periods. 

Foliar elemental and 13C concentrations 
P additions increased foliar concentrations of N,P, and Ca and decreased Cu and Zn in the 1999 
cohort; in the 2001 cohort, P additions decreased concentrations of K,S, B, Cu, and Zn.  
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δ13C did not differ between P treatments , nor did foliar N or P concentrations. Foliar δ13C was not 
correlated with foliar elemental concentrations, nor with measures of stem growth. 

Stand growth and mortality 
Through 5 years, cumulative mortality did not vary with P level, but continued to be greater in the 
2001 cohort. Growth continued to be increased by P additions (Table 1, Figure 2). In the 1999 cohort, 
P additions (average of P1 and P2 treatments) increased dbh, height, and volume by 18, 14, and 48 %, 
respectively. In the 2001 cohort, P additions increased dbh, height, and volume by 48, 29, and 122 %. 
Absolute increases with P addition were greater in the 2001 cohort, in part because unfertilized trees in 
the 2001 cohort were very small.  
 
Table 1. ANOVA P values, 2005 stem growth measures 
 2001 cohort 1999 cohort 
Source height dbh volume Height Dbh Volume 
P  0.034 0.022 0.072 0.156 0.173 0.139 
P0 vs P1P2 0.012 0.007 0.025 0.059 0.069 0.052 
 

Experiment 3 
P additions affected stem growth, foliar nutrition and δ13C in year 1 at Snowden and Sayward and in 
year 2 at Powell River. At Snowden and Sayward, P additions increased height, basal diameter, and 
volume by 20, 27 and 104%, respectively, (Snowden) and by 24, 32, and 134% at Sayward. At both 
sites, P additions significantly increased individual leaf mass and foliar concentrations of N, P, Ca, 
Mg, and S, and decreased concentrations of Mn, Cu, and Zn. P additions decreased concentrations of 
K and B at Sayward. 
 
At Powell River, P additions in 2004 increased cumulative stem growth through two growing seasons 
and growth increment in year 2. Cumulative increases in height, basal diameter and volume were 22, 
32, and 101%, respectively; year 2 increments in height, basal diameter and volume increased by 30, 
26, and 99 %. P additions continued to increase foliar P and decrease Zn concentrations in year 2.   
 
In all three sites, δ13C became less negative with P additions, and correlated with foliar concentrations 
of P (became less negative as P increased) and with individual leaf mass and basal diameter. δ13C 
correlated with foliar N and S at Snowden and Sayward and with foliar Ca at Sayward and Powell 
River. This suggests that whole-plant water use efficiency increased in these moist sites with P 
fertilization. The effect may have been  directly associated with increased P uptake or indirectly with 
increased P assimilation through increases in N fixation or uptake. It remains unclear how P 
fertilization would affect δ13C and water use efficiency on drier sites.    
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Contact information 
Principal researchers: 
 
Paul Courtin, RPF   tel: 250-751-7120 
Ministry of Forests   fax: 250-751-7101 
2100 Labieux Rd   email: Paul.Courtin@.gov.bc.ca
Nanaimo, BC V9T 6E9   website: http://www.for.gov.bc.ca/RCO/research/index.htm
 
Kevin R. Brown, R.P. Bio., P.Ag. tel: 250-727-3604 
K.R. Brown and Associates  email: kevinbrown@uniserve.com 
4043 Zinnia Road     
Victoria, B.C. V8Z 4W2    
 
Hardwood Silviculture Cooperative (for experiment 1) 
Andrew Bluhm    tel: 541-737-6100 
Associate Program Director  fax: 541-737-1393 
Dept. of Forest Science   email: Andrew.Bluhm@oregonstate.edu 
Oregon State University   website: http://www.cof.orst.edu/coops/hsc/ 
Richardson Hall 301F 
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Corvallis, OR 97331 
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