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Introduction

Red alder (Alnus rubra [Bong.]) (here-
after referred to as alder) is the most 
common broadleaf tree species in the 
coastal Pacific Northwest, and occurs 
in pure stands and in mixed stands 
with coniferous species (Deal and 
Harrington 2006). Alder in conifer-
dominated stands can be beneficial 
because it improves soil nitrogen 
through fixation of atmospheric nitro-
gen, and it adds biodiversity. In young 
conifer stands, alder is considered a 
strong competitor due to its rapid 
juvenile growth, which can greatly 
reduce light availability and lead to 
competition for canopy growing 
space. As a result, alder is often 
removed from stands that are man-
aged for conifers in order to meet free-
growing obligations and productivity 
objectives. However, there is a lack of 
information on the optimum density 
and spatial arrangement of alder in 
mixed stands, and on when alder is 
beneficial and when it is not.

In 1992, a long-term experimental 
project (EP 1121.01) was initiated to 
improve our understanding of both 
beneficial and competitive effects of 
alder in mixture with Douglas-fir 
(Pseudotsuga menziesii (Mirb.) 

Franco) and western redcedar (Thuja 
plicata Donn.) (hereafter referred to as 
cedar). The objectives of this research 
are to (1) examine the effects of alder 
density on soil nitrogen and foliar 
nitrogen in Douglas-fir, (2) study the 
effects of alder density on total stand 
volume, (3) investigate the effects of 
alder density on conifer growth, and 
(4) provide an assessment of the 
effects of plot radius on the estimation 
of com petition effects. This Extension 
Note provides a summary of recently 
published research (Fang 2018; Fang  
et al. 2019).

Study Area 

Additive field experiments were estab-
lished at four locations in southwest-
ern British Columbia (Figure 1). The 
study sites are located at 225–425 m 
elevation within the Coastal Western 
Hemlock (CWH) biogeoclimatic zone, 
and vary from dry maritime to very 
wet maritime subzones. The CWH 
zone has a cool mesothermal climate 
with cool summers (although hot dry 
spells can be frequent) and mild win-
ters. The mean annual temperature is 
approximately 8°C and ranges from 
5.2 to 10.5°C among the CWH sub-
zones. The soil moisture regime in the 
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time of establishment. In each mea-
surement plot, the locations of  
all trees were mapped with 10-cm 
accuracy.

Data and analyses
Periodic stem volume increment  
(SVI)(m3/yr) was calculated for 8 years 
from 1998 to 2006–2013, dependent 
on the site. Volume equations devel-
oped by Nigh (2016) were used to  
estimate stem volume from the height 
and dbh of each tree. 

Six Douglas-fir and six cedar trees 
were randomly selected from each 
additive experiment plot as subject 
trees to test competition indices. Tree 
map data were used to select subject 
conifers that were located at least  
7 m from the edge of the measure- 
ment plot. A competition plot with  
a range in radius (1.00, 1.50, 2.00,  
2.50, 3.00, 3.50, 4.00, 4.50, 5.00, 5.64, 
6.00, 6.50, 7.00, 7.99 m) was used to 
calculate competition estimates for 
each subject tree. Seven competition 
indices were calculated using the  
tree measurements collected within 
the search radius plus the distance 
from each subject tree to each neigh-
bouring tree within the same plot 
(Table 1). 

Statistical analysis was performed 
in R Studio based on R version 3.3.2  
(R Core Team 2017). The relationship 
between alder density and mineraliz-
able and foliar N was evaluated using 
a non-linear mixed effects model  
with site variations as random terms 
(Fang 2018). A quadratic regression 
model was used to describe the  
relationships:

Y = a + b1X + b2X2 (1) 

where Y = percent nitrogen or total 
mineralizable N and X = alder density 
(tph) or basal area per hectare. 

The effect of alder competition and 
initial tree size on conifer growth was 
evaluated using a non-linear mixed 
effects model (Cortini and Comeau 
2008) (Equation 2): 

five “broadleaf ” densities (0, 50, 100, 
200, and 400 alder per hectare planted 
with square spacing) was randomly 
assigned to a single plot. Repeated plot 
assessments since establishment have 
provided 20+ years of long-term tree 
and stand-level growth information. 
Additional establishment details are 
provided in Thomas et al. (2005) and 
Comeau et al. (1997).

Methods

In 2010, soil samples were collected at 
three depths (0–10 cm, 10–20 cm, 20– 
40 cm) in 10 systematically selected 
locations in each plot. Forest floor 
(LFH) samples were also collected. 
Mineralizable nitrogen (N) was deter-
mined from the soil samples (Carter 
and Gregorich 2006), calculated on a 
mass/area basis. During the 2011 dor-
mant season, Douglas-fir foliage sam-
ples were collected using a pole pruner.

A permanent measurement plot 
(17.54-m radius) was established in the 
centre of each treatment plot. Num-
bered tags were attached to all trees in 
each measurement plot. Root collar 
diameter, diameter at 1.3-m breast 
height (dbh)(cm), and height (ht)(m) 
were measured periodically since the 

study sites ranges from slightly dry to 
very wet, and the soil nutrient regime 
ranges from medium to rich.

By design, additive experiments 
have the same total density of coni- 
fers (1100 trees per hectare [tph]) with 
an equal proportion of Douglas-fir 
and cedar planted at 3-m spacing  
(Figure 2). At each location, one of 
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Figure 1  Location of field sites located in southwestern British Columbia. The additive 
experiment series and the year of establishment are indicated in the legend.

Figure 2  Alternating Douglas-fir and 
cedar planted at 3-m spacing. 
Alder was added at various 
densities. 
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Total volume
There were no significant differences 
in cedar and Douglas-fir volumes 
across the alder density treatments 
(Figure 4). However, for cedar, the 
treatment with 100 alder per hectare 
had the highest stand volume at ages 
15 and 20. For Douglas-fir, the treat-
ment with zero alder had the largest 
volume at age 15, while at age 20, the 
200 alder per hectare treatment was 
the most productive. Alder volume 
increased with increasing alder den-
sity (Figure 5), and significant differ-
ences between treatments started at 
density > 100 tph.

Stem volume increment versus 
competition effects
The evaluation of volume growth and 
competition indicated that cedar and 
Douglas-fir responded differently to 
competition. For Douglas-fir, the 
competition measure with the highest 
R2 (0.94) was Hegyi’s index, followed 
by the modified Braathe index (MBH) 
and Lorimer’s index (DI). For cedar, 
DI had the highest R2 (0.88), followed 
by Hegyi’s index. For both coniferous 
species, coniferous competition was 
stronger than competition from alder 
(Table 2). Figure 6 illustrates the rela-
tionship between volume growth and 
competition levels (Hegyi’s index). 
Higher competition resulted in 
reduced volume growth, with  
Douglas-fir having a steeper decline 
than cedar. 

red alder (Figure 3a). The most  
nitrogen-deficient site (Gough Creek) 
appeared to show the greatest soil 
nitrogen increase with alder density. 
On average, Douglas-fir foliar nitro-
gen levels (Figure 3b) increased with 
increasing alder density up to a maxi-
mum at approximately 200 alder per 
hectare, then noticeably decreased as 
alder density increased beyond that 
point. 

SVIij = a + b1 * e (b2 * CIconifij
 + b3 * 

CIdecidij) * in. BAc
ij + Eij (2)

where SVIij = ith stem volume incre-
ment (SVI) of each subject tree i 
within site j. CIconif and CIdecid are the 
competition indices for coniferous 
and deciduous species for each neigh-
bour tree relative to their subject tree, 
and in. BA is the initial year basal area 
(varies by site). Eij is the residual stan-
dard error with parameters a, b1, b2, b3, 
and c to be estimated. The best fitting 
models were determined by compar-
ing the Akaike information criterion 
(AIC) values and assessing residual 
plots (Pinheiro and Bates 2000). (AIC 
is an estimator of the relative quality 
of statistical models.)

Results

Soil and Douglas-fir foliar nitrogen 
levels
In general, soil nitrogen levels 
increased with increasing density of 

Competition indices  Formulae Values

Distance-independent

BAl Basal area larger
    BAj = basal area of competitors 

with larger basal area than subject 
tree

DI Lorimers’ index     dbhi = dbh subject tree, dbhi = 
dbh competitor

HF Height factor    htj = competitor height; htj = 
selected species height

CSA Crown surface area    CSAj = competitor projected 
crown area

Distance-dependent

SFI Spacing factor index
   distij = distance; htdiffij = 

differential height (competitor-
selected species)

MBH Modified Braathe index   distij = distance;  htdiffij =  
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Table 1  Competition indices and formulae used in this study. For more information on 
individual indices, see Fang 2018.

Red alder density (tph)
0 100 200 300 400

M
in

er
al

iz
ab

le
 n

itr
og

en
 (

kg
/h

a)

100

150

200

250

300

a

Red alder density (tph)
0 100 200 300 400

1.00

1.25

1.50

1.75

Fo
lia

r 
ni

tr
og

en
 (

%
)

b

Figure 3  Relationship between red alder density (trees per hectare [tph]) and (a) soil 
mineralizable nitrogen and (b) Douglas-fir foliar nitrogen. The curves are described 
by Equation 1. 
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to alder density among sites (Fang 
2018). After age 15, Douglas-fir stand 
volume responded positively at densi-
ties of 200 alder per hectare. For 
cedar, density of 100 alder per hectare 
was consistently beneficial for volume 
growth. 

Soil mineralizable N increased as 
alder density increased; however, 
Douglas-fir foliar N declined at densi-
ties > 200 alder per hectare. Other fac-
tors (e.g., slope, aspect, soil depth) 
might affect the reported variability in 
N responses between sites. 

As indicated by Lieffers et al. 
(2002), a 1-m assessment radius is 
insufficient to adequately characterize 
competitive environments for conifers 
growing in mixture with faster- 
growing deciduous tree species. 

This study indicated that on most 
sites, conifers would benefit at age 20 
when well-spaced alder densities are  
≥ 200 per hectare (Figure 8). Free- 
growing guidelines in British Colum-
bia currently use a 1-m radius to assess 
crop tree competition. While one 
alder within a 1-m radius may indicate 
that densities are sufficient to be prob-
lematic, densities of 200 alder per 
hectare would correspond to one alder 
in a 3.99-m radius plot (50 m2) or up 
to two alder in a 5.64-m radius plot 
(100 m2). Therefore, the current 1-m 
assessment radius may not accurately 
estimate competition levels, and the 

predictive ability of Hegyi’s index for 
conifer growth as plot size increases 
based on the coefficient of determina-
tion (R2). 

For Douglas-fir, the R2 was highest 
when the plot radius was ≥ 3 m. For 
cedar, R2 continued to increase up to a 
plot radius of 8 m. 

Discussion and Conclusions

This study showed substantial varia-
tion in Douglas-fir and cedar response 

Effects of plot size and competition 
indices
For Douglas-fir, distance-dependent 
competition indices such as Heygi’s 
index and the modified Braathe index 
(MBH) provided the best results, 
whereas for cedar, the simple distance-
independent competition index DI 
was the best. However, Hegyi’s index 
was also a good predictor of cedar  
volume growth. 

An evaluation of plot radius was 
undertaken. Figure 7 shows the  

Figure 4  Total stand volume based on age, by treatment and tree species (Cw: western redcedar, Fd: Douglas-fir, Dr: red alder).
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use of a larger plot size should be  
considered. 

For Douglas-fir, distance- 
dependent estimates of competition 
that incorporated tree size in the cal-
culation (Hegyi 1974) improved vol-
ume predictions, an observation that 
was consistent with the findings of 
Daniels et al. (1986). However, in this 
study, the differences in model effec-
tiveness between distance-dependent 
and distance-independent were small. 

Overall, Douglas-fir growth is more 
affected by competition than is cedar 
because cedar is more shade-tolerant 
(Hermann and Lavender 1990; Carter 
and Klinka 1992). However, increased 
mortality and reduced growth of cedar 
has been associated with drought and 
deer browsing.

Research and Management 
Implications 

The results of this study indicate that 
100–200 alder per hectare may have a 
beneficial influence on the growth or 
survival of Douglas-fir or cedar on 
mesic to sub-mesic sites. However, on 
wetter (hygric) sites where alder grows 
more vigorously, greater competition 
can be expected and lower alder den-
sities may be preferable. 

The small number of soil and foli-
age samples limited our ability to 
explore relationships between nitro-
gen availability, tree growth, and alder 
density. 

Future studies should explore 
higher alder densities across a broader 
range of site conditions, including 
hygric sites. Ongoing assessments of 
the EP1121.01 plots are required to 
evaluate long-term growth and yield 
implications and to support the devel-
opment of spatial models that incor-
porate climate and site effects.

Species AICa R2 RMSEb DF a b1 b2 b3 c

Cw 72.01 0.8708 0.7188 78 0.7375 –4.5943 0.0328 0.0042 –0.0369
Fd 57.41 0.9349 0.9920 81 –16.5059 13.2616 –0.0250 -0.0123 0.0264
a AIC = Akaike information criterion.
b RMSE = Root mean squared error. 

Table 2  Equation 2 model parameter values and statistics for western redcedar (Cw) and 
Douglas-fir (Fd) stem volume increment. Hegyi’s competition index was calculated 
using an assessment plot radius of 7 m. Parameters b2 and b3 are for conifer and 
red alder species, respectively.
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