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The project is divided into three experiments. 
 
Experiment 1 continues with existing red alder growth and yield trials that are part of the network 
of installations established by the Hardwood Silviculture Cooperative (HSC, 
http://www.cof.orst.edu/coops/hsc/). Over the past 18 years, these trials have been planted and 
monitored at locations throughout the Pacific Northwest (6 installations in BC). 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. MoFR 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). 
 
 
Experiments 2 and 3 built on previous studies indicating phosphorus (P) supply could limit 
growth of young red alder (Brown and Courtin 2006, USDA Forest Service PNW-GTR-669). 
Experiment 2 examined effects of repeated P additions on tree growth and mortality, foliar 
nutrition, and water use and water use efficiency in years 5, 6, and 7 of plantation growth on a 
moderately dry site. The plantation was established in fall 1999 and the experiment initiated in 
spring 2001. Most trees were planted in fall 1999, however, ca. 25 % were fill-planted in spring 
2001 when treatments were initiated. Repeated additions of P, designed to maintain differences in 
foliar P concentrations between treatments, have supplied 0, 41 and 284 g P tree-1, equivalent to 
0, 53 and 369 kg P ha-1 at the initial planting density of 1300 stems ha-1. Growth was measured 
after each growing season and foliar elemental contents were determined in August of each year. 
Sapflow rates (estimated using the heat pulse technique) and foliar C isotope discrimination were 
determined in 2004-5 and tree leaf areas were estimated in mid-summer 2005. Tree 
measurements were supplemented by continuing measurements of soil moisture content, air 
temperature, humidity, and precipitation. Experiment 3 is examining effects of high (0, 30, 60 g P 
tree-1) rates of P addition at planting on long-term growth and nutrition on fertile and moist sites 
more typical of those recommended for management of alder in coastal BC. The experiment was 
initiated at one site in spring 2004 and at two more in spring 2005. Growth and foliar elemental 
contents have been measured yearly; foliar C isotope discrimination was also determined in 2005.   
 
In experiment 2, P additions continued to increase the growth and foliar P concentrations of red 
alder through 2006. Mortality did not vary with P treatment or by cohort in 2004-6, but 
cumulative mortality through 2006 was greater in the 2001 cohort. P-fertilized trees of the 1999 
cohort were 16% taller (+91cm) and had 17% greater dbh (+9.5mm) and 50% greater volume 
(+6.5dm3) than did unfertilized trees; relative and absolute effects of P fertilization were greater 
on heights (+28%, 130cm) and dbh (+44%, 15mm) of the 2001 cohort than of the 1999 cohort. 
During the study, a greater proportion of P-fertilized trees also produced catkins than did 
unfertilized trees; based on measurements from 2004-6, it appears that the effect was associated 
with accelerated growth under fertilization. In addition to increasing foliar P concentrations in 
2004-6, P additions resulted in increased concentrations of Ca, K, and S and decreased 
concentrations of Mg and Cu in one or more years. 
 



Foliar δ13C did not differ between P0 and P2 treatments, but became less negative with increasing 
foliar N and P, suggesting increased water use efficiency with greater foliar P concentrations. 
Daily sap fluxes were greater at a sapwood depth of 3mm than at 13mm and were slightly, but not 
significantly, greater in P-fertilized than in control trees. Stem diameter was significant as a 
covariate in the sapflow ANOVAs, suggesting that the tendency toward greater sapflow in P-
fertilized trees was associated with their greater size. 
 
In experiment 3, P additions significantly increased diameters and stem volumes in all three sites 
in each year of measurement; heights were increased thorough two years at the Powell River site 
and through one year at the Snowden and Sayward sites. Absolute increases through two growing 
seasons were greatest at Powell River, consistent with the lower soil Bray-P levels at that site. P 
rates of 60 g tree-1 have not yet increased growth more than has 30g P tree-1. Through three years 
at Powell River, P additions at planting have increased basal diameter by 32% (10.5mm); through 
two years at Snowden and Sayward, basal diameters were increased by 25% (7.2mm) and 23% 
(6.5mm), respectively. P additions increased foliar concentrations of N, P, Ca, Mg, and S and 
decreased concentrations of Cu and Zn in year 1 in all sites and decreased concentrations K, B, 
and Mn in one or more sites. P additions continued to increase Ca and Mg in subsequent years in 
all sites; however, P concentrations remained elevated only at Powell River and then, in year 2 
only.  
 
In all three sites, δ13C became less negative with P additions and correlated with foliar 
concentrations of P, individual leaf mass and basal diameter. This suggests that 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.  
 
Experiments 2 and 3 confirm results of earlier studies indicating that the growth of young red 
alder in coastal BC is often limited by P deficiencies and can be increased, at least in the short-
term, by P applications at the time of planting. Those increases have occurred on sites ranging 
from moderately dry to moist and on sites classified as rich-very rich. It is unknown how long 
effects of P additions at planting can persist, but continued measurements of these studies will 
help answer those questions. This and earlier work demonstrate that soil nutrient regime 
classifications do not adequately account for alder P requirements. 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.   
 


