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Preface

Birch is an important and underutilised resource in Swedish forestry. The use of
genetically improved birch material has increased in recent decades, but knowledge of
how imported Finnish material performs under Swedish conditions has been limited.
This project report presents the results from a long-term assessment of Swedish and
Finnish birch in four field trials set up in central Sweden and Norrland in 1997.

The project, funded by the Svea Jansson Forest Foundation, was conducted within
Skogforsk’s tree breeding programme. We express our thanks to the landowners that
made land available for the trials over the project period: SCA, Stora Enso, and Sveaskog.
Warm thanks also to the Skogforsk employees who performed the fieldwork and ensured
that the trials could be monitored over this period.

We hope that this report will contribute information regarding genetic birch material for
different parts of Sweden that will be valuable for forest owners, tree nurseries, and tree
breeding personnel. The results show clearly that selection of material is important for
long-term production and that deployment effects must be considered when planting
genetically improved material.

Skogforsk, December 2025

Jon Ahlinder, Mateusz Liziniewicz, Ulfstand Wennstrom



Sammanfattning

Import av finskt bjorkutsdde har under flera decennier anvénts for plantering i
Mellansverige och Norrland pé grund av brist pd inhemska svenska frokallor. Trots denna
anvandning har ingen formell utvirdering genomforts av materialets prestanda under
svenska forhallanden. Denna studie kvantifierar volymproduktion, tillvixtegenskaper och
kvalitet i tjugoariga bjorkbesténd etablerade fran svenska, finska och oféradlade frokallor
i fyra faltforsok 6ver en latitudinell gradient fran 60 till 65 grader nord.

Resultaten visar att finskt foradlat material uppnddde en volymproduktion pé 162
kubikmeter per hektar vid tjugo ars alder, vilket dr 39 procent hogre én tillgingligt
svenskt material och 18 procent hogre dn ofordadlat bestdndsmaterial. Dessa
produktionsfordelar framtradde redan vid tio ars alder och drevs av konsekvent battre
tillvaxt i bade diameter och hojd. Viktigt att notera ar att inga signifikanta skillnader
kunde detekteras i kvalitetsegenskaper mellan materialtyper. Stamrakhet, antal klykor,
grenkvalitet och vitalitet var likvardiga, och 70 till 80 procent av triden uppnadde
fanérkvalitet oavsett materialtyp. Overlevnaden var ocksa likvirdig mellan alla
materialtyper, med ett genomsnitt pa 75 till 77 procent.

En viktig upptéckt var att betydande material-miljo-interaktioner skattades Gver den
latitudinella gradienten. Det finska materialets produktionsovertag var storst vid de s6dra
lokalerna, dar det presterade upp till 50 procent bittre dn svenskt material. Vid den
nordligaste lokalen pé 65 grader nord forsvann dock denna fordel helt, vilket tyder pa att
distansen fran de rekommenderade finska froplantageomradena 6verskred vad som ar
optimalt. Betydande variation observerades ocksa mellan enskilda froplantager, vilket
understryker vikten av att specificera froplantage vid materialbestéllning.

Studiens resultat bekriftar att det ar fordelaktigt att anvanda finskt froplantagematerial i
norra Sverige soder om 63 till 64 grader nord nir lokalt forbattrat material inte finns
tillgangligt. Produktionsvinsterna pa 20 till 40 procent uppnas utan kvalitetsférsamringar
och med likvardig 6verlevnad. For hogre latituder rekommenderas dock svenskt eller
lokalt anpassat material for att sdkerstilla stabil produktion.



Summary

A cornerstone in applied forest tree breeding is the evaluation and testing of commercially
available seed orchard materials, which is both time-consuming and resource-intensive
over the deployment area. There are few studies available that have compared the
performance of available seed orchard materials of birch in Scandinavia, and those
studies have mostly evaluated trials located in Finland.

Here, we present the results of the analysis of Swedish and Finnish improved and
unimproved material in four field trials in the north of Sweden, deployed between
latitudes 60 and 66°N, with both 10- and 20-year phenotypes recorded. The traits scored
were both production-related, such as tree diameter, height, volume, and vitality, and
quality-related, such as the number of forks, stem straightness, and overall branching
quality.

The results show significant production differences between Finnish improved materials
and unimproved and Swedish improved materials on most sites, except for the
northernmost site, suggesting that the choice of seed orchard material is important for
forest owners, depending on the target area and clone mixture deployed. No significant
differences were detected for quality traits, although observations in some of the trials
suggested fewer ramicorn branches in the improved materials.

The analysis in this study shows that it is beneficial to deploy improved material for forest
owners and industry and to keep track of the optimal deployment areas for the material to
maximise the benefit (i.e. long-term productivity).



Introduction

Birch (Betula spp.) is Sweden's most abundant native broadleaf species, occurring
spontaneously throughout the country. Silver birch (Betula pendula Roth) dominates in
southern Sweden, while downy birch (B. pubescens Ehrh.) becomes increasingly
prevalent at higher latitudes (Holm 1994). Birch comprises an estimated 423 million m3
of standing volume, representing 13% of Sweden's total forest stock (Nilsson et al. 2022).
Most of this volume originates from naturally regenerated stands established on sites
where coniferous regeneration has failed. Improved birch planting material remains
severely underutilised—rough estimates based on nursery production indicate that only
500-800 hectares are planted annually with improved material, corresponding to
approximately 2 million seedlings per year.

Birch has historically been disfavoured as a regeneration species due to a perceived lower
productivity compared to Norway spruce (Picea abies (L.) H. Karst.) (EKé et al. 2008).
However, these productivity assessments may have been biased by inappropriate site
selection and comparisons between planted spruce and naturally regenerated birch. On
fertile sites in southern Sweden, improved silver birch can achieve mean annual
increments of 12-14 m3 ha™! year™! (Liziniewicz et al. 2022), with broader estimates
across forest lands ranging from 1.6 to 10.4 m3 ha™! year™! (Rytter et al. 2021).

Both birch and Norway spruce compete for fertile sites to optimise volume production,
yet direct species comparisons on identical sites remain absent from the literature,
precluding precise productivity quantification. While improved Norway spruce likely
maintains a volume advantage over birch, this gap narrows when considering woody
biomass production, as birch wood density exceeds spruce by approximately 100 kg m™3.
Furthermore, Norway spruce stands have recently experienced severe impacts from both
biotic factors (root rot, pine weevil, bark beetle) and abiotic stressors (windthrow,
drought), resulting in substantial quality deterioration and economic losses (Nilsson et al.
2019). Scots pine (Pinus sylvestris L.), a longstanding spruce alternative, faces its own
challenges from browsing damage and fungal diseases. Consequently, birch planting
represents an increasingly attractive risk-diversification strategy for Swedish forest
owners, particularly as industrial demand for birch assortments expands—including
emerging applications such as textile production, where birch biomass serves as an
essential feedstock.

Improved birch planting has been most prevalent in southern Sweden up to 60°N
latitude, where soil fertility and climate conditions ensure high productivity. Seed
orchards for improved material have been available for southern Sweden since the early
1990s, but comparable sources for central and northern Sweden (up to 65°N) have
remained unavailable (Danell 1993; Danell & Werner 1989, 1991). Transfer of southern
Swedish material to central regions has been discouraged, as provenance trials
demonstrated that northward transfers exceeding two degrees latitude significantly
reduce height growth (Stener 1997). For northern Sweden, Stener (1997) recommended
even more conservative transfer limits of approximately 1.5°. In Finland, volume
production per hectare was maximised by transferring seed sources approximately two
degrees latitude southward from their origin (Vihera-Aarnio & Velling 1999, 2008, 2017).

The scarcity of domestically adapted seed sources has necessitated importing Finnish
birch seed for central and northern Swedish plantations, selecting regions with
climatically similar conditions. Finland's birch breeding programme, initiated in the
1960s—approximately 30 years before Sweden's—has achieved substantial genetic gains.



Current Finnish improved material demonstrates approximately 35% volume production
increases over local seed sources, accompanied by significant improvements in stem
straightness and branch characteristics (reduced thickness and more acute branch angles)
(Haapanen et al. 2015). Over the course of the programme, numerous seed orchards were
established with varying designs and clonal compositions, producing materials with
differential levels of genetic improvement.

Finnish material has been deployed in Sweden under the assumption of comparable
performance given climatic similarities. However, no formal trials have quantified the
effects of transferring Finnish material on growth and quality parameters in Swedish
conditions. This study addresses this critical knowledge gap by quantifying volume
production, growth traits, and wood quality in 20-year-old birch stands established from
Swedish and Finnish seed sources across a latitudinal gradient in central and northern
Sweden. Our null-hypothesis was that no significant differences would exist in volume
production per hectare, growth parameters, or quality traits between Swedish and
Finnish seed sources.

Materials and methods

Experimental design

The study material was collected from four field trials established in spring 1997 at sites
across central and northern Sweden (Figure 1). The trials comprised 15 seed lots
originating from: (i) five Finnish seed orchards for silver birch, treatments 1-5; (ii) one
Finnish seed orchard for downy birch, treatment 6; (iii) two Finnish seed stands,
treatments 7 and 8; (iv) a Swedish progeny test at Savar (latitude 63-65°N) including both
silver and downy birch, where open pollinated material was collected from a few random
selected mother trees (including both silver and downy birch), treatments 9 and 10; (v)
one southern Swedish seed orchard (Ekebo2), treatment 11; and (vi) four Swedish plus
tree groups selected from natural stands with silver birch, treatments 12-14, and downy
birch, treatment 15 (Table 1). Each latitude group (i.e. treatments 12-15) consisted of
offspring from ten unselected plus trees (open pollinated).

For analysis, genetic groups were classified into five material types based on origin and
breeding status: Stand (unimproved seed stands), Finnish (Finnish seed orchards and
improved material based on progeny testing), Swedish (Swedish seed orchard located in
the south of Sweden with target area between 56-60°N latitude and open-pollinated
untested plus trees), Finnish downy (Finnish downy birch material), and Swedish downy
(Swedish downy birch material).

Each genetic group was planted in experimental plots of 5 x 5 trees (multi-tree plots) with
2.0 x 2.0 m spacing, corresponding to 2,500 trees per hectare at full stocking. All
experimental sites were fenced to avoid browsing damages. Not all groups were replicated
across all trials (Table 1). Plants were containerised, one-year-old seedlings (120 cc) at
planting sown in greenhouse May 13-15, 1996, and grown outdoors in the nursery during
summer.
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Figure 1. Trial locations

Table 1. Description of planted material used in experiments, with origin area.

Treat- | Material | Material | Species | Material Origin | Origin Experiment/Latitude
ment | type group (Lat) country | F62 | F628 | F629 | F63
7 62.3 | 639 |0
60. 65.
3 4
1 Finnish | Seed Silver SO_FI_373 60.6- Finland | Xt X X X
orchard birch 62.6
2 Finnish | Seed Silver SO_FI_379 60.6 — | Finland | X X X X
orchard birch 63.5
3 Finnish | Seed Silver SO_FI_385 60.5- Finland | X X
orchard birch 62.1
4 Finnish | Seed Silver SO_FI_387 60.2- Finland | X X
orchard birch 61.4
5 Finnish | Seed Silver SO_FI_390 | 63.2- Finland X X X
orchard birch 65.5
6 Finnish | Seed Downy D_SO_FI_3 | 60.5- Finland | X X
downy | orchard birch 86 62.0
7 Stand Stand Silver FI_ST_686 61.1 Finland | X X
birch
8 Stand Stand Silver FI_ST 1089 | 63.2 Finland | X X X X
birch




9 Swedish | Exp.2 Silver EX_250_SB | 63-65 | Sweden X
birch

10 Swedish | Experime | Downy EX_F250_D | 63-65 | Sweden X

downy nt2 birch B

11 Swedish | Seed Silver SO_Ekebo2 56-60 | Sweden | X X
orchard birch

12 Swedish | Plus-tree | Silver +Tree_1 60-62 | Sweden | X X
birch

13 Swedish | Plus-tree | Silver +Tree_2 62-64 | Sweden | X X
birch

14 Swedish | Plus-tree | Silver +Tree_3 64-66 | Sweden X
birch

15 Swedish | Plus-tree | Downy +Tree_4 60-62 | Sweden | X X
downy birch

!indicates that certain planting material was used in the experiments

2 randomly selected from a few trees in progeny trial S23F7330250 located at Sivar, Visterbotten (Lat

63.9°N).

Measurements

Growth and quality traits were assessed in autumn 1998 (age 3 years), 2005 (age 10
years), and 2017 (age 20 years). At age 3, tree height and vitality were recorded. At ages
10 and 20, height and diameter at breast height (1.3 m) were measured for all trees
(Figure 2).
Quality traits assessed at ages 10 and 20 included:
e Stem straightness: scored from 1 (least straight) to 9 (most straight) relative to
trial mean
e Forking: number of ramicorn branches or stem changes (maximum 8)
e Branch quality: overall crown appearance scored from 1 (worst) to 9 (best) based
on branch thickness, length, and proportion to tree size
e Vitality: general tree vigour and health

Individual tree volume (m3) was calculated using the allometric function of Brandel
(1990) for Swedish birch:
V =10"(-0.84627) x D*(2.23818) x (D+20)"(-1.06930) x H*(6.02015) x (H-1.3)"(-

4.51472),

where V is volume in m3, D is diameter at breast height in cm, and H is tree height in
metres. This formula is applicable to birch trees >6 m tall and >45 mm diameter.
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Traits year 20
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Figure 2. Histogram of all traits analysed after 20 growing seasons. Each row represents one trial
(F627-F630) and each column one trait. Branch quality and stem straightness traits are not shown due

to the lack of variation.

Statistical analysis

Data preparation
Survival rate was calculated as the number of trees measured for volume at a given
assessment age divided by the number of trees originally planted in the plot.

Volume production per hectare (m3/ha) was calculated at the plot level as:

Vol_prod =V x 2,500 x S,

where V'is mean tree volume in the plot (m3), 2,500 is trees per hectare at full stocking,
and S is survival rate. Volume production was natural log-transformed, log(Vol_prod +
0.01), to stabilise variance and improve model convergence, as production data typically
exhibit right-skewed distributions.

Ordinal quality traits (vitality, stem straightness, forking, branch quality) were
transformed to approximate normality using Blom's normal score transformation (Blom
1958) implemented in the rcompanion R package (Mangiafico 2023).

11



Mixed model analysis

Traits were analysed using linear mixed-effects models (LMM) in ASReml-R (Butler et al.
2023). Materials present in only a single trial were excluded from analysis to avoid
confounding with trial effects.

For tree-level traits (height, diameter, individual volume, quality traits), the model was:
Vijlam = W + Trial; + Material _type; + Groupk + (Trial:Group)i + (Trial:Plot)i + €ijxim,
where:

®  Vijum is the observed trait value

e puisthe overall mean

e Trial; is the fixed effect of site i (F627, F628, F629, F630)

e Material_type; is the fixed effect of material category j (Stand, Finnish,
Swedish, Finnish downy, Swedish downy) with Stand as the reference
level

e Groupk is the random genetic group effect (seed lot k)

e (Trial:Group)i is the random genotype x environment interaction

e (Trial:Ruta); is the random spatial effect of plot | within trial i

e  &ijum is the residual error

For plot-level traits (survival proportion and volume production per hectare), the model
excluded the Trial:Ruta term as plots were the observation units:

yij = W + Trial; + Material_type; + Groupk + (Trial:Group)i + &ij.

Residuals were modelled separately for each trial using the dsum() structure to account
for trial-specific heterogeneity of variance. Models were fitted with ai.sing = TRUE to
accommodate near-zero variance components. Model convergence was assessed, and
models were updated with additional iterations when necessary.

Hypothesis testing

Fixed effects were tested using conditional Wald F-tests. Variance components for
random effects were estimated with standard errors and tested using Wald z-ratios.

Pairwise comparisons between material types were conducted using predicted marginal
means and their standard errors of differences (SED) from ASReml predict() function.
For each pair of materials (i, j), the difference (p_i - p_j) was tested against the Least
Significant Difference:

LSD = t(a/2, df) x SEDy;,

where t(a/2, df) is the critical value from Student's t-distribution at a = 0.05 with residual
degrees of freedom, and SEDj; is the standard error of the difference between predicted
means i and j. P-values for all pairwise comparisons were adjusted using Bonferroni
correction to control family-wise error rate.

Genotype x environment interactions were assessed by predicting material performance
within each trial (Trial:Material_type predictions) and examining performance
consistency across sites. Parallel performance trends across trials indicate stable genotype
rankings, while crossing trends indicate rank changes (GxE interaction).

12



Software

All analyses were conducted in R version 4.x using ASReml-R version 4.x (Butler et al.
2023) for mixed model fitting, ASRemlPlus (Brien 2023) for Wald tests and diagnostics,
dplyr (Wickham et al. 2023) for data manipulation, and ggplot2 (Wickham 2016) for
visualisation. Complete analysis code, data, and results are available at

https://github.com/jonhar97/Swedish_FInnish_Birch_Comparison.

Results

Survival

We first accessed survival of the tested materials on the four sites. Survival rates at age 20
averaged 75.5% across all trials (median: 80.0%, range: 12.0% to 100.0%, n=166 plots).
Substantial variation was observed both within and among sites, as survival showed
strong site effects (p < 0.001), with marked differences across the latitudinal gradient
(Figure 2, Table 2). Site F629 (63.9°N) displayed high mortality: average survival of
54.3% (median: 60.0%, SD: 18.8%), where seven plots exhibited critical survival (<40%).
The reason for this high level of mortality was probably establishment effects caused by
Hylobius abietis browsing during establishment. F627 (60.3°N), and the southernmost
site resulted in the best average survival of 86.6%, followed by the other two sites (F628:
78.4%, F630: 75.1%). Taken together, these results suggest, except for the F629 site, that
latitude of the sites had an impact on mortality rather than site-specific factors. No
significant differences in survival were found among material types (p = 0.85), indicating
equivalent establishment success and long-term persistence of the different material

types.

Overall growth and production performance

Analysis of variance revealed highly significant effects of both trial (site) and material
type on all growth traits at 20 years (Table 2). Trial effects were strongest, reflecting
substantial environmental variation across the latitudinal gradient (F627: 60.3°N to
F630: 65.4°N). Material type effects, while smaller in magnitude, were significant for
volume production (p < 0.001), individual tree volume (p < 0.01), height (p < 0.01), and
diameter (p < 0.05), indicating consistent genetic differences across the study area.

Variance component analysis showed that material x environment (Trial:Group)
interactions explained 15-25% of total genetic variation for growth traits, suggesting
moderate but important rank changes of material performance across sites. Within-trial
spatial variation (Trial:Plot) accounted for an additional 10-15% of phenotypic variance,
highlighting the importance of accounting for local heterogeneity in field trial analysis.

Production superiority of Finnish improved material

Finnish improved material demonstrated substantial production advantages over both
Swedish improved and unimproved stand material across most sites (Figure 3-4, Table 3-
4, Appendix). Volume production at age 20 averaged 162 + 9 m3/ha for Finnish improved
material, 39% higher than Swedish improved material (117 + 7 m3/ha) and 18% higher
than unimproved stand material (138 + 11 m3/ha). Site effects were equally strong, with

13
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production ranging from 164 m3/ha at F628 (62.3°N) to 89 m3/ha at F629 (63.9°N) on
average (Figure 4, top panel).

This production superiority emerged early in stand development. At age 10, Finnish
material had already established clear advantages, with a volume of 27.3 + 17.7 m3/ha
compared to 19.4 + 13.6 m3/ha for Swedish material (29% advantage) and 23.6 + 14.5
m3/ha for Stand material (14% advantage). Critically, early height measurements at three
years of age showed no significant differences between material types, confirming that
observed production gains reflect true genetic improvements rather than nursery-induced
effects or initial size advantages.

The production advantage of Finnish material was driven by consistent improvements in
both diameter and height. At age 20, Finnish material averaged 11.5 cm diameter at breast
height compared to 10.3 cm for Swedish material and 10.8 cm for stand material.
Similarly, Finnish material reached 14.7 m height versus 12.7 m for Swedish and 13.8 m
for stand material. Individual tree volumes showed corresponding patterns, with Finnish
material averaging 0.078 m3 compared to 0.055 m3 for Swedish and 0.068 m3 for stand
material.

Pairwise material comparisons

Detailed pairwise comparisons using Least Significant Differences confirmed the
superiority of Finnish material while revealing more subtle patterns among other material
types (Figure 4, Table 3, Appendix). After Bonferroni correction for multiple testing:

e Finnish vs. Swedish improved: Significant advantages for Finnish material in
areal volume production (p < 0.001), individual tree volume (p = 0.003),
diameter (p = 0.003), and height (p = 0.015).

e Finnish vs. Stand: Advantages approaching significance for volume production (p
= 0.087) and individual tree volume (p = 0.095), with trends in the same
direction for diameter and height.

¢ Swedish improved vs. Stand: No significant differences detected (p > 0.15 for all
traits), suggesting marginal improvement from Swedish material in this
comparison.

¢ Downy birch comparisons: Silver birch consistently outproduced downy birch
across material origins. At 20 years, silver birch averaged 138 m3/ha compared to
99.3 m3/ha for downy birch (p = 0.012), a 29% advantage in productivity. This
species difference remained consistent across the latitudinal gradient and was
evident in both improved and stand materials.

Material x environment interactions

Material performance rankings showed notable variation across the latitudinal gradient
(Figure 4, bottom), indicating significant material x environment interactions. The
Finnish material's advantage was most pronounced at southernmost sites, particularly
F627 (60.3°N), where it achieved up to 50% better production than stand material.
However, this advantage diminished at the northernmost site F630 (65.4°N).

At F627, Finnish material produced an average of 170 m3/ha compared to 106 m3/ha for
stand material—a 38% advantage. In contrast, at F630, production values converged:
Finnish 108 m3/ha, Swedish 101 m3/ha, and Stand 155 m3/ha, with no statistically

14



significant differences (p > 0.25 for all comparisons). This pattern suggests that transfer
distances from Finnish seed orchards (originating 61-64.5°N) exceeded optimal limits for
the northernmost test site.

Swedish improved material and Swedish downy birch showed more stable performance
across sites, with relatively better adaptation evident at higher latitudes. At F630,
Swedish material maintained 95% of its average performance across sites, while Finnish
material dropped to 69% of its cross-site average, indicating a more southern target
deployment area of the Finnish improved material.

No trade-offs between growth and quality

Contrary to concerns that fast-growing material might compromise stem quality, analysis
revealed no significant material type effects on any quality trait measured at either 10 or
20 years (Table 2, Figure 5). Stem straightness (p = 0.45), forking/ramicorn branches (p
= 0.62), branch quality (p = 0.38), and vitality (p = 0.51) showed no differences between
Finnish improved, Swedish improved, and Stand materials after accounting for site
effects.

Individual trial comparisons occasionally showed trends toward fewer ramicorn branches
in improved material (particularly Finnish sources at F627 and F628), but these patterns
were not statistically significant and disappeared when analysed across the full study
area. The minimal variance explained by material type for quality traits (<2% for all
traits) indicates that forest owners can expect similar wood quality from improved and
unimproved sources.

In general, the most frequent type of quality reduction was excessive forking, particularly
at the northern two sites, with more than 55% of the stems having at least two forks in
F629 and more than 70% of the stems at F630.

Geographical patterns in quality

The only consistent quality patterns observed were related to geographical location rather
than genetic origin. Higher latitude sites showed increased spike knot frequency (p <
0.001), likely reflecting shorter growing seasons and consequent differences in apical
dominance. Similarly, stem straightness decreased at northern sites (p = 0.01), though all
materials showed this pattern equally.

Branch quality improved at northern sites (p = 0.02), potentially reflecting slower growth
rates producing wood with smaller branch diameters. These geographical trends were
consistent across all material types, confirming that local environmental conditions, not
genetic improvements, drive quality trait variation in birch.
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Volume Production: Material Type x Trial Interaction
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Figure 3: (Top) Average volume production per hectare by material type across sites. (Bottom) Trial x
Material interaction plots showing performance stability across the latitudinal gradient.
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Pairwise Material Comparisons
Differences with LSD bars (95% confidence)
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Figure 4. Linear mixed effect model analysis estimates for pairwise comparison between material
groups for predicted volume production at age 20 differences on the log scale. Positive estimates
suggest a production advantage of the first group in the y-axis text. Yellow colour highlights significant
results after Bonferroni correction (i.e. multiple testing adjustment).
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Quality Defect Frequencies by Material Type and Trial
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Figure 5. Proportion of trees with quality defects, where a stem straightness and branch quality score
of 4 or below is classified as poor, while two or more forks are classified as extensive. Veneer quality is
defined as five or higher stem straightness and branch quality score, and a single or absence of forks.
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Table 2. Effect of material group and trial on growth and quality traits for material obtained with the
LMM analyses. Significance levels at alpha = 0.001 level are denoted ‘“***’. Wald is an abbreviation of
the Wald test statistics.

Trait Trial Material
Type

F(df) p-value F(df) p-value
Individual tree volume (m3) 40.2(3) <0.001*** 49.0(4) <0.001***
Volume production (log 40.0(3) <0.001*** 34.2(4) <0.001**¥
m3/ha)
Height (m) 156.8(3) <0.001*** 60.1(4) <0.001%**
Diameter (cm) 19.4(3)  <0.001*** 37.3(4) <0.001***
Branch quality 0.07(3) 0.99 0.53(4) 0.97
Stem straightness 7.23(3) 0.06 3.59(4) 0.46
Forking (spike knots) 418.5(3) <0.001*** 35.4(4) <0.001***
Vitality 68.4(3) <0.001*** 1.94(4) 0.75
Survival (proportion) 72.9(3) <0.001*** 1.37(4) 0.85

Significance codes: ***p < 0.001, **p < 0.01, *p < 0.05

Discussion

An important topic in applied forest tree breeding is the evaluation and testing of
commercially available seed orchard materials, which is both time-consuming and
resource-intensive over the deployment area. There are few studies available that have
compared the performance of available seed orchard birch materials in Scandinavia.
Here, we present the results of the analysis of Swedish and Finnish improved and
unimproved material in four field trials in the north of Sweden deployed between
latitudes 60 to 66°N, with both 10- and 20-year phenotypes recorded. Obtained results
show significant production superiority of Finnish improved material compared with
unimproved Finnish and the Swedish improved material except for the northernmost site,
suggesting that the choice of seed orchard material is important for forest owners. No
significant differences were detected for quality traits, although observations in some of
the trials suggested fewer ramicorn branches in the improved material.

The areal volume production of the Finnish seed orchard material was an average of 16%
higher than in the stand material. Hagqvist and Hahl (1998) investigated genetic gains
achieved in 19 silver birch seed orchards in Finland compared to corresponding
production of unimproved natural stand material. The material comparison was tested at
34 sites in southern and central Finland and assessed at ages 8 to 12 years. Significant
genetic gains were reported for stem volume (gains ranged from 26% to 29%), branch
quality (on average, 6.8% fewer ramicorn branches and 16.2% fewer forks than
unimproved trees) and overall better tree form. Given that we included material from the
same orchards in our study, we obtained a genetic gain of 19.4%, which is less than
reported by Hagqvist and Hahl (1998). Our study area was located more to the north than
in Hagqvist and Hahl (1998) and fewer sites were used to test the material. Haapanen
(2024) expanded the study of Hagqvist and Hahl (1998) by reporting genetic gains
achieved from Finnish silver birch seed orchards that operated from the early 1970s to the
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late 2000s, by including seedlots from 19 commercial seed orchards and 21 natural stands
showing genetic gains in stem volume (gains ranged from 1% to 31%), branch and stem
quality.

Using seedlots obtained from available seed orchards with improved material for planting
silver birch in Sweden and Finland will likely improve production and vitality compared
to unimproved naturally generated stands. However, our study is limited due to the
availability of the material used in the experiments. We used just one experimental series
with small overlap of the material between experiments. The experiments at each location
were well replicated, but the size of the individual plots can be considered rather small
(25 trees, 0.01 ha) for tracking production over longer time. On small plots, mortality of
one single tree has a profound effect on the estimation of volume production, which we
accounted for in the per area production calculations, with mortality rates ranging from
50-95%.

Geographical origin and knowledge about transfer effects of reproductive material play an
important role in selection of seed orchard material for regeneration. In this study, we
found different production levels of the materials across the latitude gradient. At the most
northerly site, Palberget (F630), the improved Finnish material performed only
marginally better than the unimproved Finnish and Swedish stand material. The Finnish
materials originate from the SO_FI_373 and SO_FI_ 379 sites, with recommended
deployment for latitudes between 61°-63°N which is much further south than the latitude
of 65.4°N of the test site. One of the best performing materials at that site was the Finnish
stand material (ID 1089) with an origin of 63°N, which is closer to the recommended
transfer length of 1.5° latitude (Stener 1997).

Stener (1997) investigated the effect of birch transfer on growth, vitality and quality in
three provenance trials at latitudes 56°, 62° and 64° in Sweden, and found that birch
material in general can be transferred around 2° without too much loss of production. In
northern Sweden, however, the transfer effects were more negative, indicating that 1.5°
was recommended. In our case, this recommended level of transfer was violated on the
northern site, which can explain the relatively poor performance of the improved material
from seed orchards. Viherd-Aarnio and Velling (2008) investigated two provenance trials
with material from Baltic countries and Finland located in southern and central Finland,
including 21 different seed origins ranging from latitudes 54° to 63°N. They found a
hump-shaped relationship for both survival and volume production to the seed transfer
distance. Areal production was higher for provenances transferred northward by
approximately 2° of latitude. Our results also suggest that transfer from origins around
61° and 62° (i.e. the target area for the improved Finnish material) to 65° can decrease the
advantage in gain of the seed orchard material, but a modest transfer does not seem to
reduce the advantage compared to the controlled crosses of Swedish improved material of
known origin.

There were almost no differences in quality traits between the improved and unimproved
materials. There were locally observable differences of quality traits at some sites, such as
20% fewer ramicorn branches in the improved Finnish material in the F628 trial, but
there was no systematic evidence for differences. We observed weak phenotypic
correlations between areal production and stem and branch quality. This indicates that
quality traits are independent on growth properties that favour well-producing sources.
Higher volume production is known to be associated with higher stem numbers, which
consequently favour development of high-quality stems, i.e. straight without excessive
branching. All experiments were planted in 2.0 x 2.0-m spacing, creating the same
growing conditions for quality development. This indicates that the effect of stand
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establishment and further silviculture might have greater effect on quality. Early thinning
targeting trees with multiple quality defects could produce high value sawtimber stands
from all material types, with improved materials offering the additional benefit of 20-40%
greater volume production.

Stem straightness and branch quality are two important traits considered in birch
breeding programmes in Sweden and Finland, so it was expected that material from seed
orchards would be of better quality. Haapanen (2024) reported a reduction in the number
of ramicorn branches of the improved material, with an average of 6.8% fewer ramicorn
branches and 16.2% fewer forks than unimproved trees. Haapanen’s sample size was
greater than ours, indicating that larger and more field tests are needed to detect more
subtle differences in stem and branch quality. Our study relied on four trials with
relatively small plots containing a maximum of 25 plants, which might be a reason for not
detecting differences in quality traits between tested materials. The differences in quality
traits were small in provenance series in Sweden (Stener 1997). It was shown that
northward transfer might negatively influence stem straightness while transfer in the
opposite direction had no effect (Stener 1997). The quality deterioration at F629 and
F630 likely reflects both the direct effects of shorter growing seasons at lower
temperature sum (affecting apical dominance and crown development) and potential
maladaptation when material exceeds its optimal transfer distance. Local quality
deteriorations might appear, but it is likely that they will always be driven by some
damage agent or local climate abnormalities rather than breeding and selection (Hynynen
et al. 2010, Jansson et al. 2017).

We conclude that Finnish seed orchard material offers substantial benefits for central and
northern Swedish conditions when domestically improved material is unavailable. The
most noteworthy finding was the considerable variation in volume production among
individual seed orchards at age 20, evident in both Finnish and Swedish improved
materials. Importantly, these seed orchard-level differences were not apparent at age 10,
suggesting that reliable discrimination among seed sources requires assessment periods
exceeding 10 years under Nordic conditions.

Our results align with those of Haapanen (2024), who reported stem volume differences
ranging from 1% to 31% among individual Finnish seed orchards, leading him to conclude
that genetic gain estimates for silver birch must be determined on a seed orchard-specific
basis rather than averaged across breeding regions. We draw a parallel conclusion: the
availability of various improved materials presents an opportunity to optimise planting
stock selection for specific geographical regions, a consideration that should guide future
strategic decisions in Swedish forest management. Forest owners and nurseries should
prioritise sourcing from the highest-performing seed orchards within climatically
appropriate zones rather than treating all improved material as equivalent.
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Appendix

Table 3. Coefficient estimates of the most important traits for different material groups
obtained with the LMM analyses. Standard error of the estimate is abbreviated as SE.

Material_type Estimate SE Z ratio Trait Age
Finnish 0.213 0.132 1.616 Volume production (log) 20
Finnish downy -0.478 0.209 -2,282 Volume production (log) 20
Swedish -0.159 0.135 -1.179 Volume production (log) 20
Swedish downy  -0.551 0.178 -3.093 Volume production (log) 20
Finnish 0.930 0.457 2.035 Height 20
Finnish downy -2.386 0.761 -3.136 Height 20
Swedish -0.822 0.467 -1.761 Height 20
Swedish downy  -2.601 0.626 -4.156 Height 20
Finnish 0.747 0.459 1.627 Diameter 20
Finnish downy -1.826 0.765 -2.388 Diameter 20
Swedish -0.784 0.470 -1.667 Diameter 20
Swedish downy  -1.917 0.630 -3.043 Diameter 20
Finnish -0.001 0.011 -0.136 Branch quality 20
Finnish downy 0.007 0.016 0.450 Branch quality 20
Swedish 0.000 0.011 0.028 Branch quality 20
Swedish downy  -0.004 0.013 -0.287 Branch quality 20
Finnish 0.102 0.092 1.110 Stem straightness 20
Finnish downy -0.017 0.137 -0.126 Stem straightness 20
Swedish -0.016 0.093 -0.169 Stem straightness 20
Swedish downy  -0.017 0.112 -0.148 Stem straightness 20
Finnish -0.059 0.069 -0.855 Forking 20
Finnish downy 0.119 0.113 1.052 Forking 20
Swedish -0.017 0.071 -0.247 Forking 20
Swedish downy  0.416 0.094 4.435 Forking 20
Finnish 0.021 0.062 0.337 Vitality 20
Finnish downy -0.084 0.101 -0.829 Vitality 20
Swedish -0.017 0.063 -0.272 Vitality 20
Swedish downy  0.036 0.084 0.428 Vitality 20
Finnish 0.217 0.113 1.923 Volume production (log) 10
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Table 4. Summary statistics in areal production in year 20 for each individual material
tested in the study. Number of trees in the study is abbreviated as n_trees. The standard

deviation is abbreviated as sd.

Group Material type n_trees mean median sd min  max

Pltg Sv387 Finnish 200 204.2 202.5 23.6 174.3 255.7
Pltg Sv385 Finnish 200 203.7 205.9 72.4 86.5 351.0
Plus 60-62 Finnish 200 165.8 160.3 42.9 103.1 2324
Pltg Sv373 Finnish 400 157.0 158.0 60.9 251 261.9
Frotakt686 Stand 200 156.2 164.3 54.0 81.0 245.9
Pltg Sv379 Finnish 400 153.5 139.6 71.8 53.0 285.3
Ekebo2 Swedish 100 151.5 155.0 21.2  121.2 174.7
Frotakt1089 Stand 400 128.9 106.3 47.0 817 241.2
Pltg Sv3go Finnish 300 125.5 128.1 46.0 37.6 200.5
Plus 60-62 glas Swedish 210 105.5 109.6 42.2 35.6 193.5
Pltg Sv386 glas Finnish downy 240 105.2 106.2 34.9 48.2 193.5
Plus 64-66 Swedish 437 103.8 93.6 54.5 9.9 232.4
Plus 62-64 Swedish 421 102.5 105.4 40.6 44.2 196.0
F250Savar Swedish 290 86.7 73.2 59.9 9.2 199.8
F250Sadvar glas Swedish downy 185 84.6 73.2 43.3 34.5 199.8
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