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ABSTRACT:   Sitka alder (Alnus viridus (Chaix) DC. ssp. sinuata (Regel) A.& D. Love) 
can prevent free growing declarations on areas subject to the Forest and Range Practices 
Act. As a nitrogen-fixer however, alder may be able to ameliorate conifer growth.  We 
compared growth, vigour, and foliar nutrients of young lodgepole pine (Pinus contorta 
Dougl. var. latifolia Engelm.) growing amid different, natural levels of Sitka alder, in 
order to examine the beneficial versus competitive effects of alder. 

Pine were post-stratified into alder cover classes or overtopping quadrant classes, then 
compared to open growing or non-overtopped pine. Generally, pine had lower vigour, 
and smaller radial growth with increased alder cover. The alder cover at which height 
diameter ratio increased significantly, marked the alder threshold for that site.  Pine not 
overtopped by alder tended to be taller with larger diameters than pine overtopped by 
alder in 1 or more quadrants.  

Increases in nitrogen and decreases in other nutrients were associated with increased 
alder cover, suggesting nitrogen or alder induced deficiencies. The benefit of alder was 
probably masked by other nutrient deficiencies. 

Alder thresholds varied by site, possibly influenced by site productivity and relative 
height between alder and pine.  “Free From Brush” criteria (Establishment to Free 
Growing Guidebook, 2000) may be too lenient if the objective is to optimize early pine 
growth.  H:Ds may be used as a measure of competition during the free growing survey.  
Research is needed on the effects of alder on sites with different nutrient capitals.  
Research is also needed on the dynamic relationship between pine and alder on promptly 
regenerated sites. 
__________________________ 
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Summary of Activities, Results, and Outputs 
 

Description of Problem and Key Activities 
 
According to the “Free From Brush” criteria1, all “non-broadleaf tree” vegetation, 

including Sitka alder (Alnus viridus (Chaix) DC. ssp. sinuata (Regel) A.&D. Love), are 
considered to be competing vegetation during a free growing survey if they overtop crop 
trees in more than one quadrant.2  There is concern that the “Free From Brush” criteria 
are too restrictive in some cases and are leading to unnecessary brushing or are 
preventing free growing declarations.  Specifically, Sitka alder is an actinorhizal species 
that fixes nitrogen, and was previously observed to ameliorate conifer growth on nitrogen 
deficient sites3.  Sitka alder may thus be considered a benefit to conifers, rather than a 
competitor.  Extreme levels of alder, however, would be expected to compete with 
conifers, thereby causing reductions in growth and vigour.   

   
A literature review was conducted on Sitka alder and past methodologies used in 

assessing competing vegetation.  Data was collected on five upland sites within the 
Cariboo Forest Region, in the following biogeoclimatic ecosystem classifications:  
Interior Douglas-fir dry cool subzone Fraser variant (IDFdk3), Montane spruce very dry 
cool subzone (MSxk), and Sub-boreal pine-spruce moist cool subzone (SBPSmk). We 
compared the growth, vigour, and foliar nutrients of young lodgepole pine (Pinus 
contorta Dougl. var. latifolia Engelm.) growing amid different, natural levels of Sitka 
alder. The population sampled consisted of lodgepole pine that were free growing in all 
respects except for overtopping alder.  The effects of alder on seedling establishment and 
very early growth were not assessed.  

 
Only same-aged pine were sampled per site (n=200 per site).  Pine were sampled via 

transect lines.  The percent alder surrounding each pine was determined, then each pine 
was assigned to one of ten alder classes: 0% alder (“open growing” pine), 1-10% alder, 
11-20% alder, 21-30% alder, 31-40% alder, 41-50% alder, 51-60% alder, 61-70% alder, 
71-80% alder, and 81% alder and greater. The pine were then re-stratified according to 
the number of quadrants overtopped by alder (0, 1, 2, 3 or all 4). 

 
Within a 2.52m radius (20m2) from each sample pine, percent alder cover was 

calculated from diagrams on which the representation of alder was hand drawn.  Percent 
alder was later re-calculated based on a 1.78m radius (10m2). 

 
A t-test was used to compare open growing pine total height, height diameter ratio 

(H:D), basal diameter, diameter at breast height, leader length, and terminal bud size to 
that of pine surrounded by different alder covers. The relationship between percent alder 
cover and these variables was examined with a correlation coefficient.  The variable with 
                                                           
1 Appendix 9, Establishment to free growing guidebook (2000) 
2 A quadrant is one-fourth of the 1-metre cylinder around each crop tree.  The cylinder is divided into 4 
equal quadrants, and vertically projected upwards. 
3 Ballard, T.M. and Hawkes, B.C. 1989.  Effects of burning and mechanical site preparation on growth and 

nutrition of planted white spruce.  Forestry Canada, Victoria, BC.  Inf. Rep. BC-X-309. 
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the strongest correlation was H:D.  The point at which H:D became significantly different 
represented the alder threshold. 
 

This research also evaluated the quadrant method in the “Free From Brush” criteria to 
determine whether it was a good test of free growing, as defined in the Forest and Range 
Practices Act.  We compared the growth and vigour of pine that were not overtopped by 
alder, to those that were. The relationships between growth / vigour and the number of 
overtopping quadrants were examined with a correlation coefficient. 

  
Finally, a foliar analysis of lodgepole pine growing amid different levels of Sitka 

alder was conducted in order to see whether increases in foliar nitrogen (N) were 
associated with increasing alder cover, and whether other nutrients decreased as a result 
of nitrogen-induced deficiencies.  These relationships were examined with correlation 
coefficients. 
 
Results and Outputs  
 
 Growth and vigour of pine growing amid alder 
 

The 1.78m radius (10m2) of surrounding alder yielded stronger results and therefore 
growth and vigour results based on 2.52m radius (20m2) were not reported.  Our research 
did not detect exponential declines in growth or vigour, therefore we could not determine 
a “competition threshold”, as previously defined in the literature.4  In this research, the 
alder threshold was the level of Sitka alder after which significantly greater H:Ds were 
noted on pine.  H:D above the alder threshold reflected heavy competition.  Alder 
thresholds varied between sites: 10% alder at Tuleric Lake (SBPSmk) and Kostering 
Creek (MSxk), 20% at Chartrand Lake (IDFdk3) and 40% at Hihium Lake (MSxk). 
Results were weak and inconsistent for the Timothy Mountain site (SBPSmk); therefore, 
an alder threshold could not be ascertained for this site.   

 
On all 5 sites under this research, percent alder cover had the strongest correlations 

with H:D and basal diameter. The only exception Hihium Lake (MSxk), where H:D and 
terminal bud length were best correlated with alder cover.  In general, pine were more 
spindly (higher H:D) with smaller basal diameters in moderate to high alder covers 
compared to those growing in 0% alder on the same site.  Thresholds were lower on the 
sites with higher site indices.  

 
Pine that were not overtopped by Sitka alder tended to be taller, with larger basal / 

breast height diameters compared to those overtopped by alder in 1 or more quadrants, 
and there were fairly good correlations between these variables and the number of 
                                                           
4 Wagner, R.G. 2000.  Competition and critical period thresholds for vegetation management decisions in 

young conifer stands.  Coop. For. Res. Unit Res. Rep. CFRU RR 00-01.  University of Maine, Orono, 
Maine. 

Simard, S. and Nicholson, A.  1989.  Balancing the positive and negative effects of non-crop plants on 
conifers:  pinegrass, fireweed, Sitka alder and paper birch – Friend and Foe.  In Vegetation 
management:  an integrated approach – proceedings of the fourth annual vegetation management 
workshop.  Edited by E. Hamilton. FRDA Rep. 109. 
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overtopping quadrants.  However, non-overtopped pine were not necessarily more 
vigorous (in terms of H:D) compared to pine overtopped in one or more quadrants.  H:Ds 
were higher in pine not overtopped by alder compared to pine growing in 0% alder 
(within 1.78m radius). 

 
Foliar Analysis 
 
A significant relationship between lodgepole pine foliar N and percent alder cover 

was found on only two of the five sites sampled. All sites showed some degree of N 
deficiency.   There was a significant negative correlation between foliar concentration of 
sulphate-sulphur (SO4) and percent alder cover on all but one of the five sites.  The 
general trend observed was that where foliar concentrations of N were increasing, there 
was a corresponding decrease in the foliar concentration of SO4.  This observation is 
likely attributable to N induced SO4 deficiency and is consistent with the past research 
and literature5. There was some degree of deficiency in the foliar concentrations of SO4 
in all of the sites sampled, but in most cases SO4 was found to be severely deficient.  
Generally, foliar concentrations of SO4 decreased rapidly at low to moderate alder covers 
then declined at a much slower rate at higher alder covers.  The initial steep decline 
suggests that the alder was assimilating more of the available sulphur (S) than the pine.  

 
When data from all sites were combined, there was a significant positive correlation 

between N and percent alder cover and significant negative correlations of SO4, S, and 
potassium (K) to percent alder cover. 

 
Large nutrient ratios (nitrogen relative to other nutrients) indicate nutrient 

imbalances.  Significant positive correlations between N:P, N:K, and N:magnesium ratios 
to percent alder cover were found on only two of the five sites, whereas significant 
positive correlations between N:S ratio and percent alder cover were found on four of the 
five sites.  

 
 

                                                           
5 Kishchuk, B.E., Weetman, G.F., Brockley, R.P., and Prescott, C.E.  2002.  Fourteen-year response on 

young lodgepole pine to repeated fertilization.  Can. J. For. Res. 32: 153-160. 
Sanborn, P., Brockley, R., and Preston, C.  2001.  Effects of Sitka alder retention and removal on the 

growth of young lodgepole pine in the central interior of British Columbia (E.P. 1185) Estab. Rep.  
B.C. Ministry of Forests, Victoria, B.C.  Work. Pap. 60. 

Brockley, R.  2000.  Using foliar variables to predict the response of lodgepole pine to nitrogen and sulphur 
fertilization.  Can. J. For. Res.  30: 1389-1399. 
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Evaluation of Project Objectives and Outcomes 
 

1) The primary objective of this research was to determine alder thresholds per 
biogeoclimatic subzone or variant.  These thresholds would specify the maximum 
amount of alder allowable for the purposes of a free growing declaration.  The 
threshold table would complement or amend the existing quadrant method as 
described in the “Free From Brush” criteria (Appendix 9, Establishment to Free 
Growing Guidebook, 2000). 

 
Measurable indicator of success:  Alder thresholds were determined for 4 of 5 sites (in 3 
biogeoclimatic subzones).  These thresholds indicated the maximum level of alder after 
which heavy competition from alder was reflected.  However, it is not recommended that 
the thresholds be used to amend the current guidebook since they appear to be site 
specific.  These results do not indicate failure of the research, but rather they support 
previous work which detail the complexities of interspecific competition.  The literature 
indicates that competition thresholds and similar indices may be site-specific, species-
specific, or dependent on relative height between competitor and crop tree.6  The results 
of foliar analysis suggest that the effects of alder (beneficial or adverse) are likely to be 
highly dependent on the site’s nutrient balance.   
 
2) A secondary objective of this research was to develop an alder threshold table that 

would provide assistance to resource managers in their decisions to brush alder, delay 
brushing, or declare free growing. 

 
Measurable indicator of success:  An alder threshold table was provided.  They can 
provide assistance to resource managers provided that sites are similar to those under this 
research.  Otherwise, resource managers are discouraged from using a single “alder 
percent cover” when assessing free growing status.  The report contains a detailed 
discussion on elements to consider when assessing the influence of alder. 
 
The assessment of “free growing” requires a measure of whether the crop tree’s growth is 
impeded by competition. The quadrant method (“Free From Brush” criteria) was clearly 
quite accurate in gauging growth reductions associated with the number of quadrants 
overtopped by alder.  The method was perhaps too lenient, however, because this 
research showed that height and diameter were significantly smaller in pine overtopped 
even in a single quadrant (compared to pine not overtopped).  Generally, this research 
supports the continued use of the quadrant method.  Height diameter ratio is also 
recommended as an alternate method for assessing competition. 

                                                           
6 Burton, P.J. 1996.  When is vegetation control needed?  In Integrated forest vegetation management:  

options and applications.  Edited by Comeau, P.G., Harper, G.J. Blache, M.E., Boateng, J.L. and 
Gilkeson, L.A.  B.C. Ministry of Forests, Victoria, B.C.  FRDA Rep. 251, pp. 11- 16. 

Wagner, R.G. 2000.  Competition and critical period thresholds for vegetation management decisions in 
young conifer stands.  Coop. For. Res. Unit Res. Rep. CFRU RR 00-01.  University of Maine, Orono, 
Maine. 

Simard, S. 1990.  Competition between Sitka alder and lodgepole pine in the Montane Spruce Zone in the 
southern interior of British Columbia.  Forestry Canada and the B.C. Ministry of Forests, Victoria, 
B.C.  FRDA Rep. 150. 
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3) Another objective was to have a strong literature review preceding the data collection.  

This would enable specification of variables, measurement techniques, and statistical 
tests. 

 
Measurable indicator of success:   The literature review preceded data collection and 
supported the methods used in the research.  Experimental manipulation would have 
eliminated many confounding variables, but this was never proposed for this research.  A 
correlational study such as this examined naturally occurring alder, and this in itself 
provided insights on other factors that are believed to affect pine growth and vigour. 
 
4) Finally, it was the objective of this research to provide a comprehensive report which 

embraces the concept of adaptive management. 
 
Measurable indicator of success:  A report was provided which included the following 
concepts of adaptive management:  it identified gaps in understanding, it improved 
understanding of ecosystem thresholds and dynamics, and it has provided feedback about 
effectiveness of alternative policies / practices. 
 
 

Applicability and Implementation of Results 
 

End-users of research results:  silviculture surveyors, licensee and government resource 
managers / auditors 

 
Applicability of results:   
 

Surrounding alder cover appears to be a good measure of its competitive effect on 
pine.  Due to the apparent site-specificity of the alder thresholds, however, they should be 
generalized to other sites with caution. Pine on richer sites or with relatively taller alder 
appear to tolerate less alder before vigour declines.  Before deciding to brush Sitka alder 
or to declare a site free growing, the resource manager should consider factors such as the 
height discrepancy between alder and pine, and specific nutrient deficiencies or 
imbalances. 

 
If vigour and radial growth are important management goals for a site, then the 

overall percent alder cover can be used as a guide to assist in decisions regarding 
vegetation control.   

 
If height growth is an important management goal, then the quadrant method (“Free 

From Brush” criteria) is a good method for assessing individual pine.  It may not be as 
accurate for gauging the effects of competition on tree vigour, however, because H:D did 
not correspond well, or at all, to the number of quadrants overtopped (except at Kostering 
Creek, MSxk).  This was exemplified by the finding that H:Ds for non-overtopped pine 
were larger than average H:Ds for pine growing in 0% alder within 10m2.  The quadrant 
method does not address the competitive effect of vegetation below the pine canopy or 
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any past competition, but it is recognized that these are probably less important than 
overhead competition.  If pine are much shorter than the alder, as was the case at 
Kostering Creek (here, pine were planted amid ~10-12 year-old alder), then the quadrant 
method appears to be a good tool for assessing both growth and vigour.  

 
The quadrant method (“Free From Brush” criteria) allows trees overtopped in a single 

quadrant to be free growing, and thus it appears that we are willing to accept some 
amount of growth loss on young conifer cutblocks.  If the objective for a given cutblock 
is to optimize young lodgepole pine growth (height and/or basal diameter), then our 
research suggests that alder should not be allowed to overtop at all.  

 
On a site-by-site basis, alder thresholds may be useful as guides for improving vigour 

and radial growth. Reducing the alder cover below the threshold on our sites would 
presumably improve H:D and basal diameter. Conversely, it is unknown whether 
fertilizing these sites with a mix that is suitable for their current nutrient balance would 
be more cost effective than brushing, and whether better gains in pine growth would 
result. 

 
Due to informal observations about pine growth on the naturally regenerated blocks, 

it may be quite useful for silviculture surveyors to record height increments of pine 
versus alder.  If a given cutblock (or stratum) is not free growing due to overtopping 
alder, notes on relative growth rates would assist the resource manager in decisions about 
1) the timing of the next free growing survey, 2) whether pine will naturally overtop the 
alder prior to the late free growing date, and 3) whether brushing of alder is warranted 
because pine growth is decreasing or less than alder growth. 

 
Increased alder was associated with increased foliar N in pine on some of our sites, 

but SO4 levels were deficient on all of our sites (even for “open growing” pine).  
Therefore the benefit of Sitka alder on well-established pine on our sites, was probably 
negated by inherent or induced nutrient deficiencies.  

 
It may be that the Frankia (the bacteria responsible for N2 fixation in the alder root 

nodules) are mostly responsible for the rapid depletion of S.  The results of one study 
suggests a high requirement of S in nodule function of pea (Pisum sativum L.)7, this may 
also hold true for alder nodule function, although no current research on this is known to 
exist.  If we assume that S is limiting on these sites then it follows that N2 fixation would 
be limited, and would explain the low foliar concentrations of N.  

 
Implementation: 
 

It is not recommended that an alder threshold be used in place of the current “Free 
From Brush” criteria.  Due to differences in site productivity, nutrient balances, and 
relative height between Sitka alder and lodgepole pine, a single alder threshold per 
biogeoclimatic zone is not logical. 
                                                           
7 Zhao, F.J., Wood, A.P., and McGrath, S.P.  1999.  Effects of sulphur nutrition on growth and nitrogen 

fixation of pea (Pisum sativum L.).  Plant and Soil 212:  209-219. 
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It is not recommended that the quadrant method (“Free From Brush” criteria) be 

amended at this time.  The system was very accurate in gauging differences in growth 
between pine not overtopped compared to those overtopped in one or more quadrants. 

 
As an indicator of competition and tree vigour, H:D of lodgepole pine was found to 

be quite sensitive to changes in Sitka alder cover.  In general, H:Ds greater than 0.6 – 0.7 
were noted just beyond the alder thresholds on our 5 sites.  H:D could be used in place of 
the “Free From Brush” criteria as a measure of competition during the free growing 
survey, with trees having a H:D > 0.6 or 0.7 deemed not free growing.  At the free 
growing survey plot, the calculation of H:D for each crop tree would not be very onerous 
and may be simpler than keeping track of other free growing criteria which tend to vary 
by biogeoclimatic subzone. 

 
Without understanding a site’s inherent nutrient status, one cannot say what 

percentage of alder cover is optimal for pine growth any more than one can know what 
fertilizer mix will yield the greatest return.  Instead of manually brushing alder, the forest 
tenure holders may find that fertilizing these sites with the appropriate nutrients is a more 
cost-effective way of dealing with Sitka alder presence. 

 
 

Contributions to Knowledge Gaps 
 

This research provided greater reliance in the current quadrant method (“Free From 
Brush” criteria) as a fairly good indicator of growth impediments associated with 
competing vegetation such as Sitka alder.   

 
The research also increased confidence in the use of percent alder cover as a fairly 

good indicator of associated losses in vigour due to Sitka alder competition.  Since the 
alder thresholds appeared to be site-specific, this research supported previous literature 
where competition thresholds and similar indices were noted to be site-specific, species-
specific, or dependent on relative height between competitor and crop tree.   

 
The research indicated that soil nitrogen enrichment (as provided by nitrogen fixers 

such as Sitka alder) does not necessarily improve growth on sites since it may cause 
imbalances in other nutrients.  Therefore the benefit of Sitka alder as a nitrogen fixer is 
likely to be highly dependant on each site’s unique nutrient balance. 

 
 

Further research required 
 

1) More research on the dynamic relationship between naturally regenerated Sitka 
alder and lodgepole pine is warranted.  How do the height increments between 
these two species vary over time? What are the situations where lodgepole pine 
may not overtop alder?  What are the impacts of competition on final wood 
quality and volume? 
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2) Research on the benefit of Sitka alder could be narrowed by focusing on 
lodgepole pine growing within low to moderate amounts of alder only, and by 
experimental manipulation of alder cover and leaf litter.   

3) In this research, diagrams were used to record the projection of alder cover around 
each pine.  Each diagram recorded the orientation of alder relative to azimuth 
bearings and central pine.  There is the opportunity to examine the competitive 
effect of alder at different orientations.  How is pine growth or vigour affected by 
overtopping alder in the south sky or north sky?  

4) If Sitka alder N inputs are similar to fertilizing a site with N alone, then it follows 
that nutrient imbalances may result if the site has inherent nutrient deficiencies.  
Further research should be aimed at determining the difference (in terms of cost, 
pine growth, alder growth, and alder competition) between fertilizing these 
nutrient poor sites with an appropriate nutrient mix, or brushing the alder.   

5) Further research is also needed on Sitka alder’s nutrient requirements.  Is sulphur 
required in the function of alder root nodules?   

 
 

Key Operational Variances 
 

Five sites in three different biogeoclimatic subzones were sampled.  It was originally 
intended to sample approximately 15 sites in five subzones.  The reduced number of sites 
was due partially to the late start of the contract and partially due to the large scope of the 
project.  With a greater number of sites it is unlikely that trends within a subzone would 
have been noted.  Height disparity (between pine and alder), intraspecific competition, 
and different nutrient regimes are thought to have the greatest impact on the different 
alder thresholds.  Increasing the number of sites may have provided additional support to 
the observations and recommendations derived from this research project. 


