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Short and intensive growing season
Elongation from end of May – first week of July ≈ 1 month



Knoppsprett



– It is observed almost perfect clinal
variation in e.g. autumn frost 
hardiness among Norwegian spruce
provenances related with length of
the growing season

– Background for a rigid deployment
regime, with restrictions on transfer 
– provenances

Strong clinal variation in 

adaptive traits

Dæhlen, A. G., Johnsen, Ø., & Kohmann, K. (1995). Autumn frost hardiness in young seedlings of
Norway spruce from Norwegian provenances and seed orchards. Rapp. Skogforsk, 1/95, 1-24. 

Frost hardiness in common gardens



Clones for seed orchards for Mid- and North-Norway (63-
66N) transferred to the south (58N) for more improved seed 
production in the 1960s

No natural forest in the surroundings in the south - no pollen 
contamination

– Bud-flush in spring

– Bud set, delayed by 10-15 days

– Lignification of the elongation

– Lammas shoots 

– Height growth (+ 15 %)

Lyngdal seed orchard

First observations of the “after effects” of the 

reproductive environment in the early 1980s: 

Seed orchards with transferred clones produced 

seed with altered phenology TSUM: 900 – 1200 

LAT diff: 5 – 8 gr.

TSUM: 1300 - 1700

-Bjørnstad, Å. (1981). Photoperiodical after-effects of parent plant environment in Norway spruce (Picea abies
(L.) Karst.) seedlings. Rep. Norw. For. Res. Inst., 36(6), 1-30. 
-Johnsen, Ø. (1989). Phenotypic changes in progenies of northern clones of Picea abies (L.) Kast. grown in a 
southern seed orchard. I. Frosth hardiness in a phytotron experiment. Scand. J. For. Res., 4, 317-330. 
-Johnsen, Ø. (1989). Phenotypic changes in progenies of northern clones of Picea abies (L.) Kast. grown in a 
southern seed orchard. II. Seasonal growth rhythm and height in field trials. Scand. J. For. Res., 4, 331-341.



1980-2000s: Designed experiments to study the «after effects»

- showed that the accumulated temperature sum during reproduction

affected phenology in one and two year-old progenies

Johnsen, Ø., Fossdal, C. G., Nagy, N., Mølmann, J., Dæhlen, O. G., & Skrøppa, T. (2005). Climatic adaptation in Picea abies progenies is affected 
by the temperature during zygotic embryogenesis and seed maturation. Plant Cell and Environment, 28(9), 1090-1102. 

Photo: Anne Tove Rongstad, Skogplanter Østnorge

Greenhouse
«
«



Tighter designed experiments to rule out the possible factors of 

influence – temperature and photoperiod remains

Kvaalen, H., & Johnsen, O. (2008). Timing of bud set in Picea abies is regulated by a memory of temperature during 
zygotic and somatic embryogenesis. New Phytologist, 177(1), 49-59.

Variation follow definition of phenotypic plasticity

“… is the extent to which an organism can change its
physiology, behavior, morphology and/or development in 

response to environmental cues”
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Summarized in 2009:

– Temperatures accumulated after 
fertilization, through zygotic 
embryogenesis and seed maturation 
alter adaptive performance of 
Norway spruce seedlings

– There are interactive effects with 
photoperiodic transfer

– Phenotypic clinal variation is inflated 

– Genetics and “epigenetics”

– This epigenetic regulation is 
important for fitness and plasticity –
adaptive trait in itself

8
Johnsen, Ø., Kvaalen, H., Yakovlev, I., Dæhlen, O. G., Fossdal, C. G., & Skrøppa, T. (2009). An Epigenetic Memory From Time of Embryo Development Affects
Climatic Adaptation in Norway  Spruce. In I. Gusta, M. Wisiewski, & K. Tanio (Eds.), Plant Cold hardiness – from Laboratory to the Field (pp. 99-107). CABI Publ. 



Development of future forest 

reproductive material and 

optimal deployment

Assisted migration – how to use this knowledge 
under provenance transfer?

Breeding – how to define breeding strategies for 
adaptation? Do we need strong selection for 
future climate?

Can we predict the altered adaptive 
performance based on the temperature of the 
seed-year?

Can we assume that the effects last for more 
than 1-2 years?

Degree 
days
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Undesløs S.O. 2015

1170 daydegrees



Is this a lasting change? 

– 6 series of expirements established and 
reported in the 1980s, 90s and 00s

– Contrasting treatments during 
reproduction: 

– warm – cold, greenhouses or 
phytotrons, or provenance transfer

– long day - short day

– Published 1980 – 2005: Nursery trials 
1-2 years from seed showed clear
effects



Early-test results are confirmed after 6 years in field

– Long term effects were 
stronger in families 
expressing most change in 
early tests

– No change in the lenght of 
growing season

– No change in height growth

– Interaction effects 
temperature and 
photoperiod were still 
strong after 9 years

Skrøppa, T. (2022). Epigenetic memory effects in Norway spruce: are they present after the age of two years? 
Scandinavian Journal of Forest Research, 37(1), 6-13. 

Bud flush                                     Growth cessation



Making a model for the response of temperature 

during reproduction on Norway spruce phenology

Provenance and seed year trials

Relaxed experimental design

34 provenances
7 seed-years

Measurements

• Bud set in nurseries (1 year)

• Bud flush (Krutzsch 1973) at age 7-8 year

• Leader shoot elongation at 7-8 year

• Height at 8 year



Natural temperature regimes cause variation in progenies
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Elevation of provenance (m)

Illustrated from "Tsum1 model" for Mid-Norway in Solvin og Steffenrem (2019)

Normal year

Extremely warm year (2006)

Warm year (2019)

cold year (1993)

– Significant provenance and seed year effects for both 
growth initiation, cessation and height

– Regression models indicated, per 100 day degr. 
increase in temperature in maturation period:

0.7 - 1.2 days later growth onset, age 7-8 , R2 = 0.30 - 0.65

1.1 days later bud set, age 1, R2 = 0.90

1.1 - 1.8 days later growth cessation, age 7-8, R2 = 0.50 – 0.60

2% increase in early age height (at 3-4 years)
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Tsum flush = int + [0.11] Tsum_seedmat + e

Solvin, T. M., & Steffenrem, A. (2019). Modelling the epigenetic response of increased temperature during reproduction 
on Norway spruce phenology. Scandinavian Journal of Forest Research, 34(2), 83-93. 



Average Tsum at the provenance origin Tsum of the seed year

Growth cessation as a function …..
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Can we reproduce/validate the models with a better defined genetic

material? We mated the same clones crosses across Norway in 2017
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Ås

Biri 

1

Biri 

2

Biri 

3

Levanger 

1

Levanger 

2

Levanger 

3 Mosjøen

Latitude 59.7 61 61 61 63.9 63.7 63.7 65.9

Elevation 90 173 527 900 57 190 444 87

Tsum>5 (May-Sept) 1381 1286 916 575 1145 992 730 918

Mom Dad N progenies in progeny test

1957 7287 15 28 14 . 11 . . .

1957 7892 13 26 28 . . 7 . .

1957 12662 30 30 30 . 25 30 . .

1961 7892 . 30 . . . . . .

1961 12662 . 30 . . . . . .

2705 12662 30 22 . . . . . 10

5117 7892 19 . . . 23 . 5 .

5117 12662 17 . . . 27 . . .

5433 7287 . 30 . . . . . .

5433 7292 14 30 30 . . . . .

5433 7892 . 30 26 . . . . .

6169 7287 18 30 30 . . . . .

6169 7892 30 30 22 . . . . 4

6169 12662 30 30 30 4 30 . 30 5

6170 7287 13 21 . . . . . .

6170 7892 30 30 . . 11 . . .

6170 12662 30 30 . . 30 8 7 .

6172 7287 14 11 . . 25 . . .

6172 7892 27 30 . . . 6 . .

6172 12662 30 30 . . 29 30 . .

6203 7287 . 30 . . . . . .

6203 7892 14 30 . . . . . .

6203 12662 30 27 . . 12 21 . .
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Full-sib
families

Solvin and Steffenrem 2019 (provenance material): Tsum flush = int + [0.05-0.11] Tsum_seedmat + e
New FS material:  m                                                        Tsum flush = int +     [0.07]      Tsum_seedmat + e



Summary

– In Norway spruce, the memory of temperatures during reproduction and 
seed maturation regulate a plasticity that gives long-lasting changes to 
phenology and adaptation

– The change is predictable; temperature data from reproductive environm.

– The adaptive potential in this memory should be taken into account in 
management and breeding

– Assisted migration

– Breeding goals
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This plasticty conserve genetic

variation

– In traditional experiments we observe clinal 
variation of the means, but the variation 
among famies are tremendous

– The memory of temperature and photoperiod 
during reproduction increase possible plasticity, 
and probably counteracts directional strong 
selection for adaptive traits

– The memory, the epigenetics, is probably a trait 
under selection itself

23Skrøppa, T., & Steffenrem, A. (2019). Genetic variation in phenology and growth among and within Norway spruce populations from 
two altitudinal transects in Mid-Norway. Silva Fennica, 53(1). https://doi.org/ARTN 10076 10.14214/sf.10076 

Phenotypic variation within
populations in Mid-Norway



Seed for high elevations from 
lowland seed orchards

– Mountainous forests: 600 – 1000 m a.s.l.

– TSUM: 600 – 800 dd.

– Kaupanger seed orchard

– 0 m a.s.l.

– TSUM: 1200 – 1700 dd

– Diff TSUM: 600 dd.

– No pollen contamination

– No difference in latitude


