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Preface

Denmark has a long-standing tradition for working with applied forest ge-
netics based on seed from selected, healthy, productive and straight elite 
trees. Over the previous 60 years this work has implied a close cooperation 
between the Arboretum in Hørsholm and The Tree Improvement Station in 
Humlebæk. The Arboretum (since 2004 a part of  Forest & Landscape, Uni-
versity of  Copenhagen) has over the years selected, developed and tested 
superior seed-trees, whilst The Tree Improvement Station (today a part of  
The National Forest & Nature Agency, Øresund) has worked with effec-
tive propagation and distribution of  improved material on a national scale. 
Strategies as well as tangible plans are regularly discussed and coordinated. 
The cooperation has been a strong link between research on the one side 
and forestry on the other, and since 1947 the Forest and Nature Agency has 
established, managed and harvested seed from an extensive network of  seed 
sources, which, as far as seed orchards are concerned, have all been estab-
lished in interaction with  Forest & Landscape for breeding purposes. 

One of  the first seed orchards in the systematic breeding work is FP202. Se-
lection and grafting of  particularly interesting ash trees was started in 1934 
in the Forest Botanical Garden under C. Syrach-Larsens direction (Larsen, 
1945). In 1945-46 there was a large scale propagation of  14 selected clones. 
Helmuth von Barner was responsible for planting 977 of  these graftings 
at an area close to the newly started Tree Improvement Station in 1947, 
thereby establishing the (to our knowledge) Worlds first Ash seed orchard. 
FP202 has since developed into one of  the most important seed sources of  
ash in Danish forestry. In later years it has been the preferred seed source in 
Danish Forestry due to its origin from straight trees, but also because FP202 
is expected to have the highest  level of  genetic diversity among the three 
ash seed orchards on the Danish market. 

Due to the recent problems with ash dieback, special interest for the clones 
in FP202 has arisen. Dieback is supposedly caused by a fungus ‘Chalara 
fraxinea’. Though there are still many unanswered questions concerning this 
serious illness (Thomsen et al., 2008), it is very interesting that some clones 
show considerable resistance. FP202 contains both resistant and suscep-
tible clones, and since 2007 it has become particularly interesting to study 
progenies from FP202 in order to increase the understanding of  the genetic 
aspects of  the disease and the option for breeding to increase resistance 
(Olrik et al., 2007). This work has included selective harvest from healthy 
clones in 2008. 

Many years have passed since the first elite ash tree was selected and grafted 
in the 1930’ies, and there are many steps where mistakes could have oc-
curred since. It is not possible to discern clones from each other by their 
appearance, and correctness of  the clone identity in FP202 is therefore 
completely dependent on the high degree of  care taken by all those in-
volved from 1930’ies up to today. Fortunately, it is now possible to control 
the clone identity by DNA markers, and with this knowledge we decided to 
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control the clone identity of  FP202, 60 years later. This report deals with 
the technique, results and conclusions of  the analysis. In the appendix we 
have selected documentation concerning FP202’s establishment and treat-
ment material which has only partly been published earlier.

Helmuth von Barner and C. Syrach-Larsen (who founded and managed the 
seed orchard for more than 40 years) would have been delighted by the re-
sults. There are only very few technical errors in this the (maybe) oldest ash 
seed orchard in the world.

Hørsholm og Humlebæk,  December, 2008

Erik Dahl Kjær, Lars Graudal og  Bjerne Ditlevsen
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Abstract

The Fraxinus excelsior clonal seed orchard FP202 was established at Birke-
marken, Humlebæk, Denmark in 1947, and is to our knowledge the first 
Fraxinus clonal seed orchard established worldwide.  61 years after estab-
lishment we tested clonal identity of  remaining ramets by application of  4 
polymorphic SSR markers. FP202 consists of  alternating rows of  the pre-
dominant male clone V282, and 8 predominant female clones: V702, V703, 
V704, V710, V791, V792, V793, V797. However, unpublished observations 
suggest that V797 may have substantial contribution to the male gamete 
pool, and that the gender function of  V793 also is uncertain.    

Among ramets labelled as V702, V703, V704, V710, V791, V792, V793, 
V797 a single genotypic mismatch was observed (Tree 24-02, probably a 
rootstock). Further, one V791 ramet was mistakenly labelled V282 (Tree 
09-03). An important additional finding was that V702 and V703 ramets 
had identical genotypes and therefore most likely originates from the same 
ortet. We cannot infer from the data if  it is V702 or V703 that is the correct 
name. 60 of  the ramets labelled V282 (male) had identical genotypes, but 5 
ramets had an alternative genotype suggesting that they form an extra male 
clone represented by 5 ramets scattered in the V282 rows. The origin of  this 
clone is unknown, but is probably introduced by mistake during the graft-
ings in 1945-46. A single ramet labelled V282 is probably a root stock. 

To conclude: 115 trees (93%) had a DNA profile that fits the documentation 
even though it shall be noted that V702 and V703 ramets probably form a  
single clone. 8 trees deviated from the expected: 2 trees are likely root stocks, 
1 tree had an incorrect label, and 5 trees form an additional clone of  so-far 
unknown origin. 
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Danish summary

Træer i aske klonfrøplantagen FP202 (Birkemarken) blev undersøgt med 
DNA markører for at kontrollere deres klonidentitet. FP202 består (ifølge  
anlægsrapport og øvrig dokumentation) af  rækker med (overvejende) 
hanlige træer (alle klon V282) som alternerer med rækker af  overvejende 
hunlige træer (8 kloner rækkevis: V702, V703, V704, V710, V791, V792, 
V793, V797).  Det skal dog bemærkes at Helmuth Barner i 1976 indikerer at 
V797 sandsynligvis er hanlig (♂?) og at V793 er tvilsom i forhold til hanlig/
hunlighed (cf. Appendix 2, nedenfor), selvom begge kloner producerede en 
del frø i plantagens unge år (cf. Appendix 1, nedenfor) .    

Resultaterne af  DNA analysen er sammenstillet i Figur 1 og Tabel 2. Baseret 
på DNA analyserne konkluderer vi, at der i hunrækkerne kun forekommer 
én afvigelse (vi antager der er tale om en grundstamme). Dog bemærkes at 
to af  de hunlige kloner (V702 og V703) med stor sandsynlighed er identiske 
idet de har samme DNA profil. Blandt de 67 træer i hanrækker identifi-
cerede vi ét træ som ikke passede med de øvrige, men i stedet kunne iden-
tificeres som  V791. 60 træer i hanrækkerne havde identisk genotype, som 
vi derfor antager er V282.  5 træer spredt i hanrækkerne havde identiske 
genotyper, som dog afvej fra øvrige, og vi konkluderer på den baggrund at 
frøplantagen indeholder én ekstra klon repræsenteret med 5 rameter. Denne 
klon er sandsynligvis introduceret ved en fejl under podearbejdet i 1945-
46, men oprindelsen af  klonen er usikker. Endelig observerede vi ét træ i 
hanrækkerne, hvis genotype afveg fra alle andre træer, og  vi derfor antager 
er en grundstamme. I alt 115 ud af  de 123 undersøgte træer (93%) havde 
således en DNA profil som passede med det forventede ifølge dokumenta-
tionen. Et enkelt træ blev af  tekniske grunde ikke undersøgt og indgår der-
for ikke i analyserne.

Konklusion: Frøplantagen indeholder 124 træer, hvoraf  8 træer har en DNA 
profil som afviger fra forventningen ud fra dokumentationen: 2 træer an-
tages at være grundstammer,  1 træ antages plantet forkert i forhold til 
kortet (evt. forbyttet podekvist), 5 træer udgør én ekstra klon fordelt i han-
rækkerne. DNA-analysen afslørede desuden at V702 og V703 må antages 
at være samme klon uden det er muligt at afgøre om det er V702 eller V703 
som er den korrekte betegnelse.
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1. Introduction

The Fraxinus excelsior clonal seed orchard FP202 located at Birkemarken 
close to the Danish Tree Improvement Station in Humlebæk, is the second 
oldest existing clonal seed orchard in Denmark. Further, it is to our knowl-
edge the first clonal Fraxinus seed orchard established world wise.   

The seed orchard has been one of  the main providers of  Fraxinus seed to 
Danish Forestry since the 1960’ies and is still one of  the most used seed 
sources in Denmark. This would be sufficient reason for investing time and 
effort in validating the clonal identity of  the trees in this old seed orchard. 
However, a new severe disease which was first observed in 2003, has infected 
the Danish ash trees dramatically, threatening the use of  this important spe-
cies (Thomsen et al., 2008). In 2007 significant variation was observed be-
tween clones in their degree of  susceptibility (Olrik et al., 2007) and these 
important differences have been maintained in 2008. The findings were based 
on a clonal trial with 40 clones tested at two locations (CSOs). Fortunately, 
the old Fraxinus FP 202 seed orchard includes some of  the best performing 
clones, but also some of  the inferior ones.  For this reason, the verification of  
clonal identity in the seed orchard has become increasingly important. 

In 2008 it was decided to collect seed exclusively from the healthy clones in 
the seed orchard. Seeds on these trees are presumably sired by the healthy 
clone (V282), and the expectation is therefore that such seed would have in-
creased resistance against the disease. However, in order to be able to study 
such parent-offspring regression as well as in order to ensure seed collection 
from the correct trees, it was decided in 2008 to perform a full test of  clonal 
identity of  all trees in the seed orchard. 

The present survey thus has three objectives: (i) to check the clonal seed or-
chard for »cryptic dysfunctions« due to grafting mistakes or seed/pollen pro-
duction from root stock (cf. Hansen & Kjær, 2006), (ii) ensure seed collection 
from correct trees during exclusive seed collection, (iii) to facilitate precise 
comparison of  parent-offspring regression in health and thereby allow studies 
on heritability and genetic background for the apparent resistance (to be stud-
ied in 2009). 

The present report documents the applied methods and results of  this survey 
with the three above objectives.  
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2. The Seed orchard

Establishment and management of  the seed orchards are described in some 
detail in old reports and other written material mainly authored by Helmuth 
Barner, the director of  the Tree Improvement station from its establish-
ment in 1947 until 1988. Two key reports are reproduced in appendix 1 and 
2, from where the below description has been extracted:

The seed orchard was established with graftings in 1947 on agricultural 
land. A total of  14 clones were included, 1 predominantly male clone and 
13 predominantly female clones (Appendix 1). Brief  description of  plus 
trees and grafting work are included in Appendix 3, and pictures of  the ma-
jority of  the plus trees are included in Appendix 1. The establishment phase 
included mechanical weeding. Pruning of  branches was applied in 1953 and 
1954 to increase seed set, but with very limited effect. Application of  fer-
tiliser and removal of  grass did increase the health and growth of  the seed 
orchard trees, but did not lead to substantial seed yield (Appendix 1). 

5 of  the female clones were removed in 1961, leaving only 8 predominantly 
females (V702, V703, V704, V710, V791, V792, V793, V797), and one 
predominantly male (V282). However, in 1976, Helmut Barner questions 
if  V793 and V797 are truely predominantly females (cf. Appendix 2), and 
these 2 clones may therefore also be important pollen donors in the Seed 
orchard. Further information on the selection and propagation of  the indi-
vidual clones are included in Appendix 3.
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3. Methods

Sampling
Leaf  material was collected on September 10th 2008. Two leaves were col-
lected from each tree throughout the seed orchard. Each sample was la-
belled according to their position on the map (Figure 1). In total, 67 samples 
were collected from the male rows (presumed V282) and 56 samples from 
the female rows (presumed V702, V703, V704, V710, V791, V792, V793, 
V797). The material was stored at -20 °C until DNA extraction. 

Genotyping
15-20 mg leaf  tissue per individual was treated with liquid nitrogen and 
ground on a bead mill without any prior preparation. DNA extraction was 
carried out with the DNeasy 96 Plant Kit from QIAGEN following the 
manufactures protocol for frozen material.

The DNA-extractions were kept undiluted for the polymerase chain reac-
tion. Eleven primer pairs developed for Fraxinus excelsior were initially tested. 
Ten of  these (FEMSATL1, 2, 4, 5, 8, 10, 11, 12, 16, 19) were all developed 
by Lefort et al. (1999). FEMSATL12 has later been modified by Gerard et al. 
(2006) and it was the modified version that we tested. The last primer pair 
(M2-30) was developed by Brachet et al. (1999).  Four polymorphic, inter-
pretable microsatellite loci were identified and used for further genotyping. 
The chosen primer pairs were FEMSATL11, FEMSATL12, FEMSATL16, 
FEMSATL19. 

PCR reactions were carried out using the Qiagen Multiplex PCR kit accord-
ing to the manufacturer’s instructions except that the reaction volumes were 
scaled down to 15μl.  PCR-amplifications were completed on Perkin Elmer 
Thermo cyclers (models 9700 and 2700) under the following conditions: 
an initial denaturation step of  15 min at 95 °C, 30 cycles of  denaturation at 
94 °C for 30 s, annealing at 57 °C for 90 s and extension at 72 °C for 60 s, 
and a final extension step at 60 °C for 30 min. Each amplified product was 
diluted with 30µl H2O and visualized with an ABI3130xl sequencer from 
Applied Biosystems. 
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4. Results
 
In Table 1 we see that the amplification of  the 4 microsatellite loci in total 
resulted in 35 alleles. This level of  polymorphism was highly sufficient to dis-
tinguish between the genotyped clones.  

Table 1. Number of  alleles per microsatellite locus. The alleles are given in 
base pairs

Femsatl11 Femsatl12 Femsatl16 Femsatl19

1 183 172 186 174

2 185 174 188 176

3 191 176 196 180

4 193 178 200 182

5 197 190 186

6 201 196 188

7 203 198 190

8 205 200 192

9 213 204 194

10 206 198

11 211 202

Of  the 67 examined male trees (labelled V282) it turned out that 60 ramets 
had identical genotype (recognized as V282, Table 2). The remaining seven 
were of  a different genotype. One (position 0905) turned out to have same 
genotype as V791 and may thus be a wrong grafting. One was not recog-
nized elsewhere (position 0307) and may be a root stock. The last 5 (posi-
tions 0107, 0901, 0909, 1505, 1903) all had the same genotype (see Table 2) 
that did not match with any of  the others. 

Among the female rows, only 1 tree (labelled V702, position 2402) did not 
resemble any other genotype and may thus be a root stock. However, very 
interestingly trees labelled V702 and V703 turned out to have identical gen-
otype, and it is therefore very likely that they originate from the same ortet 
(= the same clone). 
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Figure 1. Positions of trees with deviating genotypes compared to documentation. Marked in red: »Extra male« = five trees with 
identical genotypes that are not identical to the V282 genotype. The two squares show the trees with no match. V702 and V703 
turned out to have identical genotypes. 
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Table 2. Summary of  the genotypes of  the clones of  Fraxinus excelsior from 
Birkemarken (seed orchard FP202). Alleles are given in base pair lengths at 
each of  the 4 loci. 

Clone ID Femsatl11 Femsatl12 Femsatl16 Femsatl19 

V282 183 201 174 174 186 200 180 188

V702 191 205 176 196 188 188 180 192

V703 191 205 176 196 188 188 180 192

V704 193 213 190 206 186 200 174 188

V710 183 203 172 190 186 186 190 190

V791 185 191 174 178 200 200 176 186

V792 183 191 174 174 186 186 188 194

V793 183 191 200 204 186 196 182 186

V797 197 205 190 200 188 188 186 192

Extra male
(0107, 0901, 0909, 
1505, 1903)

183 191 174 190 186 188 198 202

Male with no 
match (0307)

193 205 174 211 186 186 188 194

Female with no 
match (2402)

197 201 190 198 188 188 188 192

Please note that V702 and V703 have identical genotypes and it is therefore highly 
likely that it is indeed the same clone.
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5. Conclusion

In conclusion, the seed orchard corresponded to 7 clones in female rows 
and 2 clones in the male rows rather than 8 clones in female rows and 1 
clone in male rows. Besides this, there were only few unexplained deviations 
(1 assumed wrong/misplaced grafting, and 2 likely root stocks). According 
to old records, 2 of  the clones in the female rows may produce significant 
amount of  pollen and the pollen production id therefore likely to be distrib-
uted on more than one clone.

The identity of  the »extra male« remains unknown. We have genotyped 40 
clones deployed in different Danish seed orchards, but none of  these match 
(Nielsen, unpublished results). A screening of  old clonal archives with Fraxi-
nus may reveal the true identity of  this »extra male«, but this will probably 
not be an easy matter. Studies of  segregation in terms of  health of  progen-
ies from FP202 will be performed in 2008-2009, and here we will look for 
progenies sired by this »extra male«.  Based on this parental analysis we ex-
pect to be able to determine the health status (in term of  breeding value) of  
the »extra male«. This will only be possible if  the clone has been sufficiently 
male fertile to sire a fair number of  progenies in our progeny sample. Based 
on the results it will be possible to recommend if  the clone should be re-
moved from the seed orchard or maintained. 
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FP 202, December 2008. Pruning has been applied to increase fruiting 
and ease seed collection (cf. Annex 1 below). Many trees therefore have low 
twigs. However, today the clonal identity is correct on most trees and the 
DNA analysis only identifies two trees to be likely root stock. This result 
proves careful pruning and removal of  root stock sprouts in the seed or-
chard.    
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Appendix 1: Description of the  
establishment of FP202

Source: Selected part of  the unpublished document ‘Frøhaver Ask’, which 
is part of  the old files at the Arboretum. The file is undated and the author-
ship is not stated. We believe it was written by Helmuth Barner, the former 
director of  The Danish National Tree Improvement Station, who was re-
sponsible for the establishment and management of  the seed orchard. 

We are not sure about the date. The document refers to the flowering in 
1960, and is likely to be prior to 1961, because it does not refer to the thin-
ning of  the clonal seed orchard that was performed in that year according 
to documents from 1976 (appendix 2 below). The document include num-
bers of  seed harvested up till 1966/67, but these figures may have been 
added later as no references are given to flowering after 1960. We therefore 
assume that the document dates around autumn 1960.     
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Appendix 2: Description of  FP202, 
1976

Source: Scanned copy of  Statsskovenes Planteavlsstation, 1976: Proveniens-
meddelse nr 7: Askefrøplantagen FP202 Birkemarken. Skov & Natursty-
relsen, Øresund, Krogerupvej 21, DK 3050 Humlebæk
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Appendix 3: Selection and propa-
gation of clones in FP202 (1938-
1944)

Source: Scanned copies of  original registrations made during1938-1944. 
Unpublished records kept at Forest and Landscape, Faculty of  Life Sci-
ences, University of  Copenhagen.

V282-1
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V282-2
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V703
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V704 (1)
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V704 (2)
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