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Title: Growth responses of red alder to fertilization: re-measurements of existing single-tree 
and multi-tree plot experiments on Vancouver Island and the Sunshine Coast 
 
Project Purpose and Management Implications 
The overall purpose of this project is to assess stem growth responses of red alder to additions of 
phosphorus in three sets of alder fertilization experiments. These are: 
 
1. five single-tree plot one-time fertilization experiments, established in 1998-9 in plantations 
across a range of soil moisture and nutrient regimes between Fanny Bay and Campbell River  
2. one multi-tree plot fertilization experiment established in 2001 and located on a moderately dry 
site near Bowser  
3. three multi-tree one-time fertilization experiments established in 2004 on moist and rich sites 
near Powell River and in 2005 near Campbell River and Sayward 
 
In 2009-2010, our specific objectives were to re-measure stem growth of trees in studies 2 and 3 
The growth data therefore represent 9th-year growth responses in the study 2 experiment and 5th 
(Campbell River, Sayward sites) or 6th year (Powell River site) responses in the study 3 
experiments. Remeasurements of study 1 were completed in 2007-8. Trees in studies 2 and 3 
were also remeasured in 2007-8 and 2008-9. Hence, growth responses have now been measured 
for 9-10 years in study 1, 9 years in study 2, and up to 6 years in study 3.   
 
Recent studies have shown that growth of young red alder in coastal British Columbia can be 
limited by deficiencies of phosphorus (P) even in soils classified as rich to very rich (Brown and 
Courtin 2003a,b; Brown and Courtin 2006; Brown and Courtin 2007). Seedlings fertilized with P 
within a year of planting exhibited significant increases in stem growth, increased leaf mass, 
foliar P concentrations, and foliar N concentrations and contents, suggesting that P additions 
increased N2 fixation or soil N uptake. Adding elements other than N and P also increased growth 
and foliar concentrations of N (and some other elements), but increases were smaller and less 
consistent across sites than when P was added. There is potential for fertilization at planting to 
reduce the time required to reach free to grow status. Recognition of this potential has stimulated 
additional alder plantation fertilization by forest licensees in coastal B.C. and incorporation of 
fertilization of alder at planting as an acceptable practice in the coastal hardwood management 
strategy (R. Monchak, Timberwest  Co., pers comm.)  
 
Long-term effects of P additions on alder growth, mortality and stand development are unknown. 
Effects of P additions on growth of conifer plantations in P-deficient soils may persist through an 
entire rotation (Turner et al. 2002) and P additions at planting increased growth of hybrid poplars 
on eastern Vancouver Island for 10 years (Brown, 2005). Phosphorus added to alder plantations 
more than two years after planting has been ineffective at increasing growth (Brown and Courtin 
2007). Given the increasing demand for alder logs and the short (25-40 year) rotations envisioned 
for alder under intensified management (Bluhm and Hibbs 2006), it is important to determine 
how long the effects of P additions at planting persist and how changes in stand P status affect 
growth and development of alder plantations over time.  
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Methodology Overview 
The designs have varied with the study and individual experiment. Study 1 experiments used 
single-tree plots and a completely randomized design, with 17 – 25 trees initially per treatment. 
Test plantations were established in 1997-1999 and fertilized within a year of planting. Trees 
received 0, 10, 20 or 30 g P tree-1, with or without a blend of other elements, within a year of 
planting, and were measured for 3 years after treatment (Brown and Courtin 2007). Measurement 
trees were relocated and remeasured in 2007-8, giving data on 10th year responses in 11 year-ol;d 
plantations or (in one site) 9th-year responses in a 9-year-old plantation. Study 2 is also 
completely randomized, with 5 plots per treatment. Each plot is 45m x 45m with an inner 25m x 
25m measurement and contained ca. 90 measurement trees at the beginning of the experiment. 
Trees were planted in fall 1999, with fill-planting in spring 2001. Each tree received 0, 15, or 30g 
P in spring 2001, but received P additions in subsequent years (years 2,3,5, and 6) in order to 
maintain differences in stand P status (Brown and Courtin 2006). Tree growth was remeasured in 
2007-8, 2008-9, and 2009-10, giving 9-year growth response data. Study 3 experiments each 
consist of 5 blocks, with each block containing a single plot for each of 3 P addition treatments 
(0, 30, or 60g P tree-1) applied shortly after planting. Each treatment plot is 25m x 25m and 
contains a circular inner measurement plot, each of which contained 25-30 trees at the beginning 
of the experiment. Those trees were also remeasured in 2007-8, 2008-9, and 2009-10, giving 
response data for. 
 
All phosphorus additions were as triple superphosphate (TSP, 0-45-0) and fertilizer was placed in 
holes ca. 15cm from each target tree.  
 
Project Scope and Regional Applicability: low elevation forests, Coast Forest Region 
 
Interim Results and Conclusions through 2009-10 
Study 1. Results from this study have been published as a Coast Forest Region research extension 
note (Brown et al. 2010). Key points are: 
 

• Effects of P additions on stem diameter at breast height and basal area were significant 
through 10 years following fertilization at four of five sites. Year 10 height was increased 
by P additions at only one site.  

 
• Additions of nutrients other than P did not increase stem growth.  

 
• Basal areas of unfertilized red alder varied by two-fold across the research sites. The 

largest growth responses to P fertilization (20 or 30g P) occurred on the less productive 
sites. Consequently, basal area varied less across sites in P-fertilized trees.  

• The P additions appeared to compensate for some inherent differences in site productivity, 
at least through 10 years of plantation growth. 

 
• Use of single-tree plots restricts the interpretation of these data for stand level growth 

projections because amounts and patterns of mortality are unknown, as are the growth 
responses of neighboring unfertilized trees..  

 
 



Study 2. Through year 9 and averaged across cohorts, P additions increased height by 1.3m 
(18%), dbh by 1.5cm (20%), and individual tree basal area by 20.2cm2 tree-1 (40%) (Figure 1). P 
additions increased (α = 0.10) current-year basal area increment by 4.4cm2 tree-1 (38%) in 2007 
and by 2.9cm2 tree-1 (27%) in 2008. BAI in 2009 may have increased with P addition (1.7cm2 
tree-1, 21%), but the effect was not significant. This may indicate that the effect of P additions on 
growth is decreasing. Annual height increment was not increased by P additions in 2008 or 2009. 
The 1999 cohort continued to have greater height, diameter, basal area, and basal area increment 
than did the 2001 cohort; however, absolute and relative increases with P addition were greater in 
the 2001 cohort for height, diameter, and basal area (Figure 1). Cumulative mortality through 
2009 did not vary with P treatment, but was greater in the 2001 cohort (36.4 vs. 16.5%). 
However, mortality in 2007, 2008, and 2009 did not differ between cohorts or with P treatment.    
 
Figure 1. 9th-year height, dbh, and individual tree basal area responses by seedlings planted in fall 1999 
(1999 cohort, C99) and spring 2001 (2001 cohort, C01) to P additions in study 2. P1 and P2 treatments did 
not differ; percentage increases shown for each cohort are the mean increase of P1 and P2 relative to P0.  
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Study 3. P addition significantly (P < 0.10) increased 5th-year heights and basal areas at the 
Campbell River and Sayward sites and 5th- and 6th-year heights, diameters (dbh), and basal areas 
at Powell River (Figure 2). Through 5 years, absolute height growth responses were least at 
Sayward; however, absolute increases in diameter and basal area and relative increases in height, 
diameter and basal area were consistent across sites (Figure 2). For the Powell River site, 
diameter and basal area increases were greater in year 6 than in year 5, consistent with continuing 
increases in current basal area increment in P-fertilized trees (data not shown). Interestingly, 
relative responses to P additions through 6 years at Powell River are similar to 6-year responses at 
the harsher study 2 site. However, overall size and absolute growth responses are greater at 
Powell River.The data suggest that growth responses to P fertilization at planting are persisting in 
this study for up to 6 years. This duration represents 20-25% of potential rotation lengths for red 



alder on productive sites. Continued measurements will be necessary to determine how long the 
responses persist. 
 
Figure 2. Height and dbh responses to P additions after 5 growing seasons at Campbell River (CR) and 
Sayward (SAY) study sites and 6 growing seasons at Powell River. For comparison, horizontal dashed lines 
show year 5-year height and dbh at Powell River. 
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The 2009 results from studies 2 and 3 confirm earlier measurements indicating that the growth of 
young red alder in coastal BC can be (1) limited by P deficiencies and (2) increased, at least in the 
short-term, by P applications at the time of planting. P addition rates of 60g tree-1 at planting have 
not increased growth more than have 30g P tree-1 and also did not (through 3 years) induce 
deficiencies of other elements. Thus far, the data from the 3 studies imply that 20-30g P tree-1 is 
as effective at alleviating P deficiencies in the short term as is 60g P. Interestingly, relative 
responses to P addition through 6 years are similar in the study 2 and study 3 Powell River sites. 
The latter, however, is      
 
It remains unknown how long effects of P additions at planting will persist, but continued annual 
measurements of these studies will help answer those questions. Differences in basal area 
increments with P addition may be declining in the moderately dry study #2 site after 9 years and 
in the moister study #3 Sayward and Campbell River sites after 5 years, but it remains unknown 
for how long existing differences will be maintained. Frequent (annual) growth measurements are 
important for documenting mortality patterns in stands of fast-growing species such as red alder 
and for assessing the relative importance of varying weather and inter-tree competition as agents 



of mortality during stand development. This and earlier work also demonstrate that soil nutrient 
regime classifications do not adequately predict whether the short-term growth of young alder 
plantations will be limited by P deficiencies. However, measurements of extractable soil P have 
promise for identifying sites in which early growth of alder plantations is likely limited by P 
deficiencies. Assessments of extractable P prior to planting alder may indicate whether P 
additions at planting are beneficial in achieving desired growth responses.   
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