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THE BENEFITS OF APPLYING DIFFERENT BREEDING
STRATEGIES IN WHITE SPRUCE

Overview (2018-2021)

Inbreeding is reduced when tree improvement (TI)
principles are applied and Tl programs move from
collecting seed from wild stands to seed orchards. This
disruption of inbreeding in a seed orchard contributes
to the gain achieved (Fig. 1). In Alberta, forest
companies can claim a genetic gain of 2% in a clonal
orchard when intensive phenotypic selection is used to
identify the parents. However, higher levels of gain
may currently be unrecognized. Different breeding
strategies can be used in tree improvement programs
to increase genetic gain, such as open-pollination
(unknown fathers pollinating one mother), polymix
pollination (several fathers pollinating one mother) and
controlled crosses (one father pollinating one mother),
however, the contribution of each of these strategies
to the genetic gain is currently unknown. The objective
of this study was to tease apart the performance
difference in seedlings from wild trees vs orchard
open-pollinated, polymix-pollinated and controlled-
crossed parents using the same mother tree.

Methodology

We selected 10 genotypes from the white spruce G1
controlled parentage program for this study, with
contrasting breeding values. The genotypes 752, 756,
991, 154, 164 were the same mothers for the wild
stand collections and the open-pollinated material,
and genotypes 995, 927, 129, 754, 122 were the same
mothers across all breeding strategies tested. In 2018,
polymix pollination and controlled crosses were
performed using the 752, 756, 991, 154 and 164
mothers at the G1 seed orchard, located at HASOC,
Grande Prairie, AB. In the same year and from the
same mothers, open-pollinated seeds were collected
from HASOC, and wild stand seeds were obtained
from the Government of Alberta collections. A total of
540 seedlings were grown under well-watered
conditions at the University of Alberta (180 seedlings
from wild stands from open-pollination, and 90
seedlings from polymix pollination and controlled
crosses). Half of the seedlings (270) were provided to
HASOC as a demonstration field trial (Fig. 2). The
remaining seedlings (270), we measured for height,
root collar diameter, volume, biomass, and root length
at the end of the second year of growth (fall 2020).
After performing ANOVA, a mean comparison was
performed for all traits between breeding strategies
using the Tukey’s test, at 95% confidence level.
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Figure 1. A. Diagram showing the genetic gain in height (cm and
%) of 2-year-old white spruce seedlings from wild stands (n=90),
open pollination (n=90), polymix pollination (n=45) and controlled
crosses (n=45). B. Boxplot of height, in which the middle lines are
the medians, the red dots are the means, the black dots are outliers,
and red letters indicate statistical differences between means using
the Tukey’s test.

wild Open Polymix Controlled
Parameter - -
stands pollination pollination Crosses

Diameter (mm) 7.59+0.65 a(855+0.60 b|845+0.71 b|9.02+048 b
Volume (cm3) 14.54+46 a|21.18+4.16 b|21.27+2.61b (24152426 b
Above ground biomass (gr)[8.97+1.42 a|11.86+2.18 b| 11.75+2.10b |13.29+ 2.01b
Root biomass (gr) 363+0.54 a(423+0.71 b|444+071 b|495+0.65 b
Root length (cm) 26.81+290a(27.06+3.38 a| 25.70£2.35a |25.68 +3.03 a

Table 1. Summary table of means * standard errors for traits
including diameter, volume, above ground biomass, root biomass,
and root length (n=90 for wild and open-pollinated material, and
n=45 for polymix pollination and controlled crosses) of 2-year-old
white spruce seedlings (fall 2020). Red letters indicate differences
between means, using the Tukey’s test.
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Figure 2. Distribution of the 270 seedlings in the demo field trial planted in 2020 at HASOC. Seedlings from the different breeding
strategies are indicated by colour: wild stands (W) in blue, open-pollination (OP) in green, polymix pollination (PM) in orange,
and controlled crosses (CC) in black. Breeding values (BV) are included for each mother and father at the bottom of the figure.

Results

A genetic height gain of 10.7% was obtained when moving from
open-pollinated wild stand material to open-pollinated seed orchard
material with the same mother tree. This increase in height can be
attributed to both a reduction in inbreeding and the phenotypic
selections made for the mothers (Fig. 1A). The incremental increase
in genetic gain of 13.9% (polymix pollination) and 14.4% (controlled
crosses) can be attributed to not only a reduction in inbreeding and
the phenotypic selections for both the mothers and fathers, but it
also includes the combining abilities of all parents and removal of
any pollen contamination. Height, diameter, volume, above ground
and root biomass showed that wild stand seedlings are statistically
different compared to open pollinated, polymix pollinated and
controlled crosses, but no differences were found for root length
between breeding strategies (Table 1). In addition, genetic gain for
height was significantly different among genotypes, and varied from
2% (genotype 756) to 20 % (genotype 122) (Fig. 3).

Conclusions and next steps
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Figure 3. Mean *

standard errors for height in

seedlings from wild stands (W) with open pollination
(OP), in each of the 10 genotypes (n=9). Red arrows
and letters indicate the genetic gain.

Taking advantage of the inbreeding breakdown when using seedlings from open-pollinated orchards versus wild
stands is currently unrecognized in genetic gain calculations in Alberta. This current work shows that additional gain
could be considered when assigning a per cent gain level to new orchards (eg: greater than 2%). In addition, genetic
gains could also be significantly increased through the application of either polymix pollination or controlled crosses
with the added advantage of removing pollen contamination. Further analysis including genetic models, calculation
of heritabilities, general and specific combining abilities, and their comparison between and within groups will be
completed for the upcoming manuscript. Tracking performance of the trees at the demo trial over the long-term may

also reveal new and interesting results.
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