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Introduction

Before parent trees are included in 
seed orchards, their offspring are test-
ed in progeny tests over several sites 
in the zones where the seed orchard 
seed is to be deployed. Parent trees 
are selected based on the performance 
(height growth, survival, stem and/
or tree form, and other factors such 
as pest or disease resistance) of their 
offspring across all test sites. Within 
these progeny tests, many parent trees 
with very different growth potentials 
are grown together; however, only the 
best few will be selected at a test age 
of 1–15 years. Due to this type of test 
design, it is possible that fast-growing 
seedlings are surrounded by slower-
growing seedlings, potentially leading 
to height differences that are exag-
gerated due to competitive effects. 
The seedlings that will grow fastest 
will do so partially at the cost of their 
neighbours. As a result, the genetic 
superiority of the test seedlings, and 
consequently their parents, may be 
overestimated and may not be realized 
when seedlings from orchard parents 
are grown together in an operational 
plantation. 

At the time of selection, a measure 
of each parent’s genetic quality is 
estimated based on the differences in 

overall performance of their offspring 
(progeny) across all test sites relative 
to the performance of a test control 
seedlot obtained from wild stands. 
This estimate of a parent tree’s genetic 
quality is termed its breeding value 
and reflects the expected growth in-
crement in volume at rotation age 6. 

Realized genetic gain tests are 
established to verify the estimated 
genetic quality of parent trees (pa-
rental breeding values) based on 
progeny tests by growing seedlings 
from parent trees of similar genetic 
quality together in large blocks (as 
in an operational plantation planted 
with orchard seed). The select seedlots 
are then compared to the growth 
of blocks established with seedlings 
grown from seed collected in natu-
rally regenerated stands (Woods et al. 
1995; Dhakal et al. 1996; St. Clair et al. 
4; Ye et al. 1). 

In this extension note, we describe 
the results of a realized genetic gain 
test planted on six low-elevation sites 
in British Columbia using coastal 
Douglas-fir of three distinct genetic 
classes. To evaluate possible effects of 
spacing and early onset of competi-
tion, the tests were established at four 
spacings, two of which are generally 
not used in operational forestry.
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Materials and Methods

Genetic entries
Three distinct genetic classes (levels of 
gain) were grown: wild stand control 
(ws), mid-gain (mg), and top cross 
(tc) seedlots. The control seedlot was 
grown from a mix of six commercially 
available wild stand seedlots having 
no associated level of genetic gain. 
The mid-gain seedlot was produced 
by controlled pollination of parent 
trees with known genetic quality, 
yielding a seedlot with an average 
breeding value (bv) of 1 (i.e., this 
seedlot should grow 1% faster than 
the control seedlot and produce 1% 
more volume at rotation). The top 
cross seedlot was produced by cross-
ing the best nine parents to yield a 
seedlot with an average bv of 18.

Spacing
Four different tree spacings were tested 
on each site: 1.6 × 1.6 m, .3 × .3 m, 
.9 × .9 m, and 4. × 4. m—yielding 
an equivalent of 396, 189, 1189, and 
65 trees/ha, respectively. Two spacings 
(.3 × .3 m and .9 × .9 m) are regu-
larly used operationally.

Experimental design
Sites were established with two rep-
lications each of 1 × 1 square plots 
(144 seedlings) per genetic level and 
spacing combination. Therefore, on 

each site a total of 3456 seedlings were 
planted ( replications × 3 genetic 
levels × 4 spacings × 144 seedlings 
per plot). In situations where spacings 
changed between adjacent plots, a row 
of border trees was planted between 
plots. However, to further reduce 
adjacent spacing effects, all plot 
perimeter rows were removed from 
the analysis, leaving 1 (1 × 1) test 
trees per plot.

Seedlings were planted in 1996 
using 1+ container stock on six sites 
representing a range of site indices. 
However, a wildfire destroyed one 
plantation, leaving only five sites for 
further analysis (Table 1).

Measurements
All tests were regularly brushed to 
keep non-test tree competition at a 
minimum. Heights of all trees were 
measured in the fall of 1997, 1998, 
1, and 6 and diameter at breast 
height (dbh) in 6 only. Individual 
tree volumes were calculated accord-
ing to Omule et al. (1987).

Results

To measure mortality due to com-
petition (excluding mortality due to 
planting and initial microsite prob-
lems), survival between the ages of  
4 and 1 was calculated. Mortality in 

the plots planted at the densest spacing 
(1.6 m) was highest when compared to 
the other three tree spacings (Figure 
1). The mg seedlot suffered the highest 
mortality in all four spacings, while 
tc and ws seedlings survived best. 
Overall mortality was low, likely in 
part due to the brushing and weeding 
efforts throughout the testing period. 

Height growth varied among test 
sites and reflected the site index (si) 
of each location (Table 1; Figure ). 
On four of the five sites, mg trees were 
intermediate compared to the control 
and tc trees. According to the analy-
sis of variance (see Stoehr et al. 1), 
there were significant differences in 
height due to genetic level, but not 

table 1 Geographical information of test sites for the coastal Douglas-fir realized genetic gain trial

Location Latitude (N) Longitude (W) Elevation (m) Site index (si) Google map link

Campbell River 50°0ʹ11ʹʹ 125°17ʹ13ʹʹ 100 38 http://maps.google.com/maps?ll= 
50.001833,-125.285&z=16&t=h&hl=en

Lang Bay 49°48ʹ24ʹʹ 124°22ʹ22ʹʹ 135 37 http://maps.google.com/maps?ll= 
49.804595,-124.37107&z=16&t=h&hl=en

Norrish Creek 49°13ʹ48ʹʹ 122°9ʹ38ʹʹ 550 42 http://maps.google.com/maps?ll= 
49.230293,-122.15965&z=16&t=h&hl=en

Robertson Creek 48°45ʹ55ʹʹ 124°7ʹ16ʹʹ 220 38 http://maps.google.com/maps?ll= 
48.765309,-124.12116&z=18&t=h&hl=en

Spirit Lake 50°14ʹ49ʹʹ 125°41ʹ11ʹʹ 232 32 http://maps.google.com/maps?ll= 
50.241225,-125.68613&z=17&t=h&hl=en

figure 1 Mortality between age 4 and 
12 in a coastal Douglas-fir  
realized genetic gain test across  
five sites and four spacings for  
wild stand (ws), mid-gain (mg) 
and top cross (tc) trees.
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spacing. In contrast, spacing effects 
and genetic level had significant ef-
fects on dbh (Figure 3) and individual 
tree total volume (Figure 4). However, 
the genetic level by spacing interac-
tion was not significant for any of the 

three traits. Height growth is relatively 
unaffected by spacing; in contrast, 
dbh is fairly sensitive to spacing and 
competition. The spacing effect on 
dbh is also the driver for the signifi-
cant spacing effects on total volume 

(as dbh is essentially a squared term 
in the volume equation). Across all 
sites, tc trees had the highest average 
volume per tree, with the mg trees be-
ing intermediate. Volume per tree was 
highest in the widest spacing where 
competition for resources has not set 
in yet. Certainly, competition effects 
will increase with test age. 

Based on these early results, are we 
achieving the gains we have predicted 
based on progeny test results? Gener-
ally, breeding values are reported as 
percent gain in volume at rotation 
age (6 years); however, predicted 
breeding values need to be adjusted to 
age 1 for comparison with observed 
data. Predicted gain in height and 
volume at age 1 for the mg seedlot is 
1% and %, respectively, and the tc 
seedlot is 18% and 36%, respectively 
(Figure 5). mg trees have height gains 
of 1% and volume gains of 9% 
above control means across all sites 
and spacings, while the tc trees fall 
short in height (15% observed vs. 18% 
predicted), but far exceed expected 
volume by a 48% advantage over the 
control. The higher-than-expected 
gains are a function of the additional 
volume gain achieved by increased 
diameter growth at wider spacings. 

If our gain projections in volume 
at rotation are accurate, we can obtain 
actual growth and yield estimates 
from the Table Interpolation Program 
for Stand Yields (tipsy) (Table ), a 
yield simulator developed by Research 
Branch scientists of the Ministry 
of Forests and Range. These yield 
estimates, in total volume per hectare, 
are shown for the five test sites for the 
age of 6 years (rotation age) (Table ). 
With one exception, highest yields 
will be obtained at the .3-m spacing 
using the 18% gain (tc) material. 
However, the yields are only margin-
ally smaller at the .9-m spacing, 
while regeneration costs are substan-
tially lower (although brushing costs 
may be higher).

 

figure 3 Age-12 diameter at breast height at four spacings on five test sites of a coastal 
Douglas-fir realized genetic gain trial.
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figure  Average height growth for three genetic entries at age 12 in a coastal Douglas-fir  
realized genetic gain test calculated across four tree spacings on each of five test sites.
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table  Total volume per hectare calculated for age 12 based on height and diameter measurements, and that predicted based on tipsy at 
age 45 and 60 years given the predicted genetic gains and site indices (si) for each coastal Douglas-fir realized gain test site

Note: The tipsy predictions are the same for Campbell River and Robertson Creek because they have the same site index (si).

a ws = wild stand seedlots; mg = mid-gain seedlots; tc = top cross seedlots

Calculated tipsy predictions

Site
Site index 

(si)
Spacing 

(m)

Volume per hectare (m3) at 
age 12

Volume per hectare (m3) at 
age 60

ws mg tca ws mg tc

Campbell River 38 1.6 35.9 41.0 87.9 851 911 960

2.3 24.2 35.0 32.0 862 925 975

2.9 13.4 22.5 16.9 850 915 967

4.0 12.8 18.8 24.6 821 896 956

Lang Bay 37 1.6 23.4 29.0 41.2 818 876 924

2.3 10.4 15.2 14.9 827 889 938

2.9 8.9 10.0 11.2 814 878 928

4.0 4.5 5.2 7.5 780 852 911

Norrish Creek 42 1.6 56.9 63.7 76.1 986 1054 1105

2.3 44.0 49.1 55.9 1001 1069 1119

2.9 24.4 32.3 49.4 993 1060 1107

4.0 20.0 21.0 25.8 989 1075 1134

Robertson Creek 38 1.6 43.1 64.8 68.9 851 911 960

2.3 22.8 34.8 30.5 862 925 975

2.9 16.0 22.3 19.6 850 915 967

4.0 14.1 13.9 15.3 821 896 956

Spirit Lake 32 1.6 29.6 37.6 37.5 644 697 740

2.3 6.8 10.2 14.0 645 701 746

2.9 9.3 11.0 13.2 626 684 731

4.0 4.3 5.1 5.9 576 637 687

Future Applications of This Study

As the test plantations age, competi-
tion will increase and trees that are 
truly superior will exert their superi-
ority over others due to an inherent 
higher growth rate and/or a stronger 

competitive advantage, which will 
come at a cost to the productivity of 
neighbouring trees. As the parentage 
of each tree is known, we can deter-
mine and identify parents that give 
rise to fast growers and parents that 
give rise to strong competitors. If the 

goal is to increase yields in a stand or 
plantation, then trees that are growing 
fast at the expense of others may be 
less desirable. Growth data obtained 
from older trees will also be used to 
refine growth models (such as tipsy) 
for growth and yield determinations.
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figure 4 Individual-tree total volume at four spacings on five test sites of a coastal  
Douglas-fir realized genetic gain trial.
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figure 5 Observed and predicted gains 
at age 12 in tree height and 
individual-tree total volume of 
mid-gain and top cross coastal 
Douglas-fir trees across five test 
sites and four spacings.
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