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Short and intensive growingseason
Elongationfrom end of May ςfirst weekof JulyҒ м month



Knoppsprett



ð It is observedalmostperfectclinal
variationin e.g. autumnfrost 
hardinessamongNorwegian spruce
provenancesrelatedwith lengthof
the growingseason

ð Backgroundfor a rigid deployment
regime, with restrictionson transfer 
ςprovenances

Strongclinal variation in 

adaptive traits

Dæhlen, A. G., Johnsen, Ø., & Kohmann, K. (1995). Autumn frost hardinessin youngseedlingsof
Norway sprucefrom Norwegian provenancesand seed orchards. Rapp. Skogforsk, 1/95, 1-24. 

Frost hardinessin commongardens



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

ð Bud-flush in spring

ð Bud set, delayed by 10-15 days

ð Lignification of the elongation

ð Lammas shoots 

ð Height growth (+ 15 %)

Lyngdalseed orchard

CƛǊǎǘ ƻōǎŜǊǾŀǘƛƻƴǎ ƻŦ ǘƘŜ άŀŦǘŜǊ ŜŦŦŜŎǘǎέ ƻŦ ǘƘŜ 

reproductive environment in the early 1980s: 

Seed orchards with transferred clones produced 

seed with altered phenology TSUM: 900 ς1200 

LAT diff: 5 ς8 gr.

TSUM: 1300 - 1700

-Bjørnstad, Å. (1981). Photoperiodical after-effects of parent plant environment in Norway spruce (Piceaabies
(L.) Karst.) seedlings. Rep. Norw. For. Res. Inst., 36(6), 1-30. 
-Johnsen, Ø. (1989). Phenotypic changes in progenies of northern clones of Piceaabies(L.) Kast. grown in a 
southern seed orchard. I. Frosthhardiness in a phytotron experiment. Scand. J. For. Res., 4, 317-330. 
-Johnsen, Ø. (1989). Phenotypic changes in progenies of northern clones of Piceaabies(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 experimentsto study the «after effects»

- showedthat the accumulatedtemperature sum during reproduction

affected phenologyin one and two year-old progenies

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

Photo: Anne ToveRongstad, SkogplanterØstnorge
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Tighter designed experiments to rule out the possible factors of 

influence ςtemperature and photoperiod remains

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

Variation follow definition of phenotypic plasticity

άΧ ƛǎ ǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ŀƴ ƻǊƎŀƴƛǎƳ Ŏŀƴ ŎƘŀƴƎŜ ƛǘǎ
physiology, behavior, morphology and/or development in 

ǊŜǎǇƻƴǎŜ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎǳŜǎέ
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Summarized in 2009:

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

ð There are interactive effects with 
photoperiodic transfer

ðPhenotypic clinal variation is inflated 

ï DŜƴŜǘƛŎǎ ŀƴŘ άŜǇƛƎŜƴŜǘƛŎǎέ

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

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



Development of future forest 

reproductive material and 

optimal deployment

Assisted migration ςhow to use this knowledge 
under provenance transfer?

Breedingςhow 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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Is this a lasting change? 

ð 6 series of expirementsestablishedand 
reported in the 1980s, 90s and 00s

ðContrasting treatmentsduring 
reproduction: 

ï warmςcold, greenhouses or 
phytotrons, or provenancetransfer

ï longday- short day

ðPublished1980 ς2005: Nurserytrials 
1-2 yearsfrom seed showedclear
effects



Early-test resultsare confirmedafter 6 yearsin field

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

ðNo change in the lenght of 
growing season

ðNo change in height growth

ð 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

Å Bud set in nurseries (1 year)

Å Bud flush (Krutzsch1973) at age 7-8 year

Å Leader shoot elongation at 7-8 year

Å Height at 8 year



Natural temperature regimes causevariation in progenies
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Illustratedfrom "Tsum1 model" for Mid-Norway inSolvin og Steffenrem (2019)

Normal year

Extremelywarmyear(2006)

Warmyear(2019)

coldyear(1993)

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

ð 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 ς0.60

2% increase in early age height (at 3-4 years)
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Tsumflush = 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. 



AverageTsumat the provenanceorigin Tsumof the seed year

Growth cessationas a functionΧΦΦ
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Canwe reproduce/validate the modelswith a better defined genetic

material? We mated the same clonescrossesacrossNorway 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 progeniesin progenytest

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 (provenancematerial): Tsumflush = int + [0.05-0.11] Tsum_seedmat+ e
New FS material:  m                                                        Tsumflush = int +     [0.07]      Tsum_seedmat+ e



Summary

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

ðThe change is predictable; temperature data from reproductive environm.

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

ï Assisted migration

ï Breeding goals
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