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AP1 Resistent plantemateriale til
juletraesproduktion

Milepael 1)

« Kvantificere forskelle i sedelgranluseresistens mellem kommercielle
frgkilder af nordmannsgran og bornmullergran.

Milepael 2)

« Udpegning af de 50 bedste hhv. kloner (vegetativt formeret) og
modertraeer (til fraformering) af nordmannsgran med forgget
edelgranluseresistens og hgstudbytte.

Milepael 3)

« Udpegning af 50 kloner/modertraeer af bornmullergran med
foraget aedelgranluseresistens og hgstudbytte.
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Ambrolauri-puljen: 143 kioner - FP246 Senderskovgaard og FP266

Skibelund

Froplantager
Sdr.Skovgard
Skibelund

SNP profil foreeldre

Kulturer
Sdr.Skovgard
Skibelund

SNP profil afkom

Udvikling
SNP-marker

Fastleegge
foraeldreskab

Statistiske/
genetiske
analyser

» Sikret traeer i oktober 2022
 UDVALG Februar - primo marts 2023
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Kloner fra somatisk embryogenese
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Article
Genetic Variation among Somatic Embryo Clones of Nordmann
Fir Grown as Christmas Trees

Jing Xu * and Ulrik Braiiner Nielsen

Department of Geosciences and Natural Resource Management, University of Copenhagen, Rolighedsvej 23,
1958 Frederiksberg C, Denmark
* Correspondence: x@ign.ku.dk

Abstract: Somatic embryogenesis (SE) cloning techniques for Nordmann fir Christmas tree production
have been pursued and refined in Denmark, and three SE clonal trials with 201 SE clones from
seeds of 27 Nordmann fir trees and seedlings from bulk harvest seeds in Georgia, Caucasus, were
established from 2014 to 2015. This study was the first to evaluate the genetic performance of these
SE clones in different sites. In addition, the performance of SE clones and (zygotic) normal seedlings
in the field was compared in this study. This study was based on three key groups of traits for
Christmas tree production, measured 5 and 6 years after planting: growth, commercial tree quality,
and disorder. Seedlings grew faster and had better Christmas tree quality than SE clones. There were
significant family effects for all traits, indicating that a good family also produced good clones on
average. Growth and disorder traits were under moderate genetic control, with estimated broad-
sense heritability (H2) from 0.19 to 0.31 and from 0.20 to 0.28, respectively. Quality traits had low
to moderate H, ranging from 0.09 to 0.24. Significant genotype-by-environment interactions were
shown for Christmas tree quality, post-harvest needle retention, and branch angle, suggesting the
importance of choosing the right clone at each site. There was no significant interaction in height
among the years. Superior clones, compared to the unbred seed source, were identified by combining
several important traits. Overall, the somatic clones were well established but had slower growth
compared to standard seedlings.
check for
updates Keywords: Abies nordmanniana; somatic embryogenesis; heritability; Christmas tree; clone
Citation: Xu, |.; Nielsen, U.B. Genetic
Variation among Somatic Embryo

Clones of Nordmann Fir Grown as
Christmas Trees. Forests 2023, 14, 279.
https:/ / doi.org/10.3390/ F14020279

1. Introduction

Christmas trees are widely used in many countries due to their traditional usage and
Academic Editors: Bert Cregg, are an important economic product [1-3]. Different tree species are used as Christmas trees
Inger Sundheim Floistad and in different parts of the world. Nordmann fir (Abies nordmanniana (Steven) Spach) is native



® UNIVERSITY A B 21/02/2023

120~ .

BLUP of Heighticm
BLUP tranch length
E

15~

L .
o DG B M et o ot v g e . gt 1 0 PRCRCCRURS SN A SUSCRU I BN ICON B SN
2842620211 4458 627411030 7 40 525 1 392221432344 3 38 2871383020 3 4 45429 2541 7 £ 104330 £ 44 1 404122235 27 3
Mother tree Identity Mother tree identity
C.. D
.
240+ i
— w
[ 8 24! .
T ked
L
g 3
w ‘ 2
g 7
5 ! £
g 30= .. 2
< 5
a &
= a
8., ;
70.1 sl 00 My 6 iep apt et S Nt e it kol I K Nl AN gt lGR b e M e W g At
39 1 214245284340412720 9 62223107 2511302 4 3445 838
Mother tree Identity
E E
L
. ” <
‘g -
¢ . 5
g 18 ¢
c ‘ &
s -
[=]
a
5 . " g
B1s z
-
. . .
165 55 N 5, L Wt S e B . ' '
9 4541 1 27442030 2 2839432123 7 2542111036 3226 4 5 840 3 525243 6 2840442038 7 2711221021 4 234130458 42 & 138
Mother tree Identity Mather tree Identity

Figure 5. Boxplot of best linear unbiased predictions (BLUPs) of 27 half-sib families for studied traits;
the red dot in each box indicates the mean BLUP of each half-sib family; black dots around each
box indicate clone values of clones from each half-sib family. Traits: (A) height, (B) branch length;
(C) Christmas tree quality; (D) post-harvest needle loss; (E) needle color; and (F) needle disorder
bare shoulders.
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Holstebro — one of the best clones 2.217

(offspring from Tversted clone 31) Planted autumn 2015 — photos January 2022
— 6 growing seasons
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Demo-raekker Lundbygaard — 24. maj 2022

Pragver taget fra alle 17 kloner I frgplantagen og i alle bede
— PA BASIS AF SNP ER KORT GENETABLERET af Kedra og Ole

e
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AP 2 Forstaelse af insekters biologi og
populationer

Formalet er, at udvide forstaelsen af de skadeggrende
insekter — isaer adelgranlus, deres populationsudvikling,

samspil med nytteinsekter, disses leversteder, samt
vejrets indflydelse.

For herudfra bedre:

at kunne udveaelge resistent plantemateriale,

at fremme naturlig biologisk bekaempelse.

9
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AP2 Forstaelse af insekters biologi og
populationer

Delpakker jf. Gantt diagram:

2.1 Genetisk analyse aedelgranlus
2.2 Etablering og monitering observationsflader

2.3 Nyttedyrs samspil med habitat og skadeggrere
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2.1 Population structure (On going)

28 samples collected at 2022
Will be genotyped by SSRs

Mere genotypning forar 2023

Data SIO, NOAA, UiS: Navy, NGA: GEBCO
Image Landsat [ Copernicus
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AP 2.2 Etablering og monitering af
observationsflader

Vender vi tilbage til pa Hulemosevej i eftermiddag

Afviklingsplan?
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AP2.3 Nyttedyrs samspil med habitat og
skadeggarere

“at fremme naturlig biologisk bekaempelse”
Mathias's tanker
* Hans Peter Ravn rapport @ko vs. konventinel
* Hvilke predatorer er aktuelle ?
« Indsaning af afgr@der pa spor mv.
* Hegnsplanter ?
 Praktiske anbefalinger (arter, satidspunkt, sadybde osv)

» Effekt-malinger ?
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Ideer til 2023-24
— tanker om at fremme adelgranlusens fjender

Potteforsag?

 Inficerede treeer i potter
* Kontroltreer
« Hjeelpekulturer ogsa i potter, der er veerter for predatorer pa aedelgranlus

Registrering niveau af sedelgranlus — sammenhaeng med hjzaelpekulturer ?

Hvilke arter indfinder sig? Nzaeppe ogkonomi til forsag — vanskeligt

Erfaringsindsamling fra litteaturen

Der skal nok teenkes mange tanker © = “panker plant systems”

Registrering i blomsterkulturer
» Konstatering af predatorer — hvilke?

SKAL UDFQRES
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Mider ?

Har p.t. ikke kunnet finde nogen i forsgget pa
Kirstineberg

Afventer resultater fra SNP-analyser pa ngr,

IDE: SNP analyser pa midefri traeer i hardt ramte
kulturer?

Demoraekker ?
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AP3 Optimeret fremavl

Formalet er, at sikre danske juletraesdyrkere adgang til:

e resistent frg/klonmateriale
* hgjere udbytte.

Fr@materialet vil kunne bruges til bade konventionel og
gkologisk produktion.
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Planer 2022+

2. generations plustreeer — Ambrolauripuljen

2. generations plustreeer — Tverstedpuljen

» Fraugdegaard forsgg

« Demoplantninger Ry, Lundby, Johanssens planteskole FP1000 Lundby klonvise
afkom

Trimning eksisterende frgplantager

Top-grafting (teknik til at forkorte tid til blomstring)

Strategi videre foraedling

Godskning — optimal frgproduktion

« Erstatningsg@dskning ? Hvad borfagrer vi med frahgst 3-9 tons kogler/ha ?
» Jord/naleanalyser — biomasse fjernet?

« Sammeligning af fra fra forskellige fraplantager

 Litteratur sammenfatning
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Top-grafting:
Koreagran som grundstamme = har altid kogler

Mal hurtig blomstring: halvering generationstid = starre

g evinste r/tld , normal blomstring 30-

2/21/2023 18
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Biomasse af frahgst — i frgplantager
"Erstatningsg@dskning”

Froplantager (Tversted-puljen)
1. Mosemarken 2.Dramstrup 3. Lundbygaard-1 4. Lundbygaard-2

Koglemangde kg
= saekke x kg/saek Opteelling kogler

/ Vejning saekke udvalgte reekker
Frg i alt kg Fraplant :
. replantage Foto med snit pct.

profil arets
koglehgst

Tarstof %

Vejning enkelte kogler
Naleanalyser
Jordpraver

Naeringsstoffer
Makro + mikro




