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Preface

Seed orchards constitute the cradle for most cultivated forests. Often seed orchards are needed
or preferred just to get a reliable and reproducible seed supply, but as forest tree breeding has
left its infancy, the genetic gain becomes often of major importance. Seed orchards are by far
quantitatively the most important interface between forestry on one side and tree breeding and
supporting research on the other. By seed orchards we create resources future generations will
need: seed orchards are one tool in the fight against global warming and for sustainability; and
better seed orchards means a better future World. Seed orchards can also have an important
role for gene conservation. Seed orchards have through the past decades not been regarded as
a new research frontier, but as a mature science and a matter for stump-jumpers and not
scientists. However, knowledge and experiences of seed orchards and their role and
management have accumulated during the last decades. Many developments have not got
much attention, because they seldom reach fancy journals and are a concern only for a few
specialists and managers. The time has come for a conference to synthesize and debate this

new knowledge and amalgamate it into the old.

An opportunity arose, as seed orchards was an issue for Treebreedex, Activity 6. Treebreedex
is a consortium of 28 organizations involved in tree breeding and forest genetics in Europe
supported by the European Union 2006-2010. Participation in the conference was however

open to anybody.

At the conference 36 Oral presentations and 17 posters were presented on different aspects of
seed orchards. There were 90 registered participants from 27 countries. All oral presentation
were given the same time lot and they were presented in alphabetic order according to the
presenter. There were no concurrent sessions. Besides the lectures it was discussions about
possible forest genetic consequences of recent fires in Greece and possible use of DNA
techniques associated to seed orchards based on a conference immediately preceding the seed
orchard conference. The public defense of a PhD thesis (Prescher F 2007 Seed Orchards —
Genetic Considerations on Function, Management and Seed Procurement. Acta Universitatis
Agriculturae Sueciae 2007:75) took place so participants could attend. A half-day excursion

to seed orchards around Umeé was done.

The manuscripts published in these proceedings were submitted as word files and included in

the proceedings as received, except pagination and sometimes minor formatting and
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conversion to PDF files. The content of the contributions is the responsibility of the authors.
The manuscripts have not been reviewed except for some technical considerations. Of the

presentations, 36 are documented as papers in these proceedings.

With advances in digital technology, proceedings are often published online because of
obvious advantages: It is hassle free. It is a marginal cost for the publisher and almost free for
the customer. It is easily accessible for anyone. The downside of online publishing is that sites
hosting the material will sooner or later vanish or change URL! It is unpredictable how long
the proceedings will be public available, so it is a good idea to download it. Anyone may

place it available on another web.

Sponsoring is acknowledged from Treebreedex and The Swedish Forest Tree Breeding
Association. Staff from my own department (like Jan-Erik Nilsson and Anders Fries) has
done a great job assisting me in organizing the conference! Much help is acknowledged from
Skogforsk (in particular Bengt Andersson who organized the excursion). Swedish University
of Agricultural Sciences and its Faculty of Forest Sciences and Umea Plant Science Centre
are acknowledged for hosting the conference. Organizational help and discussion about the
arrangements have been received from several participants. The main cost and main effort
with a conference is the time and dedication of the participants and contributors and those
funding their time and effort, and the most important acknowledgement is to their

contributions.

An example of a possible way to make a citation:

Hannerz M and Ericsson T 2008. Planter's guide - a decision support system for the choice of
reforestation material In Lindgren D (editor) Proceedings of a Seed Orchard Conference,
Umed, Sweden, 26-28 September 2007. p 88-94.

Organizing a conference is a lot of work, but it is also a lot of fun. I truly enjoyed the seed
orchard conference. I hope the other participants liked it as much as I did. I see it as a great

privilege to be allowed to arrange a conference about such an important, but still neglected

subject, as seed orchards.
Umea 10th February, 2008

Dag Lindgren, ) &

Conference chair, proceedings editor
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DNA and seed orchards

Darius Danusevicius, YousryEl-Kassaby, Maria Gaspar, dystein Johnsen and Xiao-Ru
Wang

Witness reports about what was teaf relevance toegd orchards in therfeseeable future from
the GENECAR meeting immediately preceding #leed orchard conference: “Application of
DNA based tools for getie research, moleculdbreeding, managemeand monitoring of
genetic resources”. Participants registered ftin boeetings were sugded to make statements,

five volunteered, and éir statements appear in the following:

Darius Danusevicius:Development of DNA markers forédhDNA sequences saciated with
phenology traits would especially be desirablerédproduction genetics thi the ultimae aim to
test the hypothesis of "future gprecorded in the past'- isefte a pattern in environmental
variation during gamethogesis, fertilization ash embryogenesis toffact the genetic and
epigenetic variation ofhe future generations? We alsoymase epigenetic technologies to
manipulate trees: e.gilencing by RNRi. Beer understanding ofienomic imprinting and
paramutation in trees: giprocal crossings amorigdividuals with contrating flowering traits
with known specific-allele marker® identify presencef absence of a pgaular allele and
phenotypic expressiasf the trait.

Yousry El-Kassaby: The precise estimation of clonal gametintribution to seedlots has never
been a challenge foreéhmaternal component point of vieWwowever, the pateal side is a
daunting task. The problem is notyorestricted to the “within'brchard paternal contribution but
also is to when and how muttie “outside” pollen ngjration takes place. Recently the combined
use of DNA fingerprinting technology and pe@igrreconstruction, not jnmade the parental
contribution determiation possible, but also d@lowed us to dsnate it to thandividual clone
level and by phonolacal classes. The more werk and develop the oessary toolghe better

our gene resource management gets.
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Maria Gaspar: DNA based tools, like SSR markers, aosv being used in fierent aspects of
seed orchard management. These tools can assisstiiution of some estent dysfunctions in
the clonal seed orchard, through clone identibeca evaluation opollen contamination, selfing
rates and percentage of pollemtibution. Moreover, thy can be very useful to obtain better
estimations of genetic aneters used in tree-breeding pragsaln populations where plus trees
are selected, pedigrees are usually unknown, ascssumed thatll plus treesre genetically
unrelated. Deviations from this assumption mad|é greater inbreeding and loss of genetic
gain. Thus, genetic marlgecan be used for pedigree recartion, evaluation othe coancestry
coefficient, providing more accurate estiroas, increasing the priethble improvement of

economical important traits

@ystein Johnsen:To become more efficientve should implemerfingerprint technology in tree
breeding along the glelines presented as r&ding without breedingMarker-based breeding
can be brought to applications within thexindive years, we rad. A new EU-project
(NOVELTREE) will reveal if thisis realistic for more tree spges. We need to explain why
phenotypes do respond differently to identical emmental cues. Is variation in gene regulation
(leading to quantitative diffenee in gene produgtsausally more impteint than sequence
difference in structure genesiigg qualitative difference within gene products)? Search for
DNA variation in promoteregions, in genes dang for transcription factsr as well ag regions
coding for microRNAs, willtell us if we can s DNA variation as a majgredictive tool in

future breeding.

Xiao-Ru Wang: Genomic research and isigations into the molecular mechanisms controlling
important traits, such as growttessation, bud set, flowanitiation, and wood quality, are
progressing fast ifPopulus. In conifers, the ogoing large scale gen@rscan and candidate
gene-based association studigdl gradually povide valuable informtion on the genetic
architecture underlying adaptive and productiatdr At current stagethe most relevant
applications of molecular techniegi in tree breeding ein the areas of aluation of genetic
resources and the function of breeding prograeesg lots classificatip and foresand nursery
healthy examinations. The use logh-resolution DNA markers fgredigree reconstruction in
open pollinated progenies of seadhard, as BWBuggested by El-Kassgbis an example of

how molecular techniques can fdaate an innovativéreeding strategy fautcrossingonifers.
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Seed Orchard Planning and Management in Turkey

Murat ALAN, Hikmet OZTURK and Sadi SIKLAR
Forest Tree Seeds and Tree BreedingeReh Directorate 06560 Gazi/Ankara/TURKEY
E-mail: alanmur@yahoo.com

Tree breeding studies have besarted at 1964 in Turkey. Twsample seed orchards were
established at the training areakafculty of Forestry of Istanbul University in 1964 by using 10
clones. Because of low clone number, productios n@t aimed in those seed orchards. Later, it
was aimed to establish seed orchards by thpgse of seed productiofor this reason, seed
transfer regions were determined for the ecowrallyi important tree species. Plantation areas and
seed requirements were assessed for each spedexdiddeof seed stands and plus trees from seed
stands were followed by clonal seed orchard estabbsit with grafted seedlings. First clonal seed
orchard was established at 1976mybrutia. Breeding studies had beeantinued in this manner
until 1993. Seeds orchards established in tina¢ generally contained 30 clones and were not
tested genetically.

The National Tree Breeding and Seed Productiagf@m (NTBSP) for Turkey were implemented
at 1994.Pinus brutia, Pinus nigra, Pinus sylvestris, Cedrus libani and Fagus orientalis were
determined as target species. It was aimetidet seed demand 50.000 ha/year plantation for
those species in the program. 8ynsidering seedling number gerctare and seed amount needed
for a seedling, seed requirements were determined for each species. Seed sources (seed stands
seed orchards) were planned according to sieedand of species. Breeding studies have been
accelerated by the progeny trials by this progremaddition, seed orchards were established by
higher number of clones (41-152 clones).

By the year 2006 there are 174 seed orchardspgony 1200 ha in Turkey. Ninety two percent of
seed orchards have been establishedPibys brutia, Pinus nigra, Pinus sylvestris and Cedrus
libani. All of the seed demands @lantations are supplied fromexk orchards for the first 3
species. Since seed production@ylibani takes longer time, seed protioa in seed orchards is
not sufficient to provide seed requirement méantations. All seed ohards are phenotypic.
However, two seed orchards were establisheB.lyutia in two breeding zones according to the
first results (4 year) of progeny tests. These two seathards will be converted to genotypic seed
orchards at the end of progeny tests. Any residilfgogeny tests in other breeding zones have not

been obtained yet.
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Table 1. Seed orchards in Turkey

Minumum Maximum Seed Ochard

Species clone clone Number Total Area (ha)
Pinus brutia 10 146 67 472,2
Pinusnigra 10 122 52 431,1
Pinus sylvestris 10 152 20 111,3
Cedrus libani 15 55 12 66,0
Pinus pinea 30 30 4 47,2
Picea orientalis 30 50 9 30,5
Pinus halepensis 10 20 2 8,2
Liquidambar orientalis 30 30 1 2,2
Sorbus torminalis 59 59 -4
Pinus nigra var. pyramidata 20 21 2 43
Pinus nigra var. pendula 8 8 1 1,9
Pinus nigra var. seneriana 10 10 1 1,8
Pinus brutia var pyramidalis 18 18 1 1,2
Pinus sylvestris var. compacta 8 26 2 4.8
Total 174 1182

Scions were grafted, it will be established in next spfirged orchard faxsitu conservation.

Research that would guide seedthard management was limited before NTBSP in Turkey. So
implementations about management had been tinliyeprotection and renewal. In that time, seed
orchards are surrounded by a fence against amittaadks. Field between seedlings is harrowed by
disc harrow each year. Seed orchards were surrounded by trees to isolate from pollen
contamination. Although there is rs@rious problem related to insects, pest management is also
done. The researches considering seed atch@nagement have been begun after NTBSP.
Research projects including studies about épwounting, pruning, hormone application and
molecular genetics have been started and sortteeof have been finished. Knowledge that could

be gained by acceleration of this kind of studve#i improve applications of seed orchard

management in future.
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Synchronization and Fertility Variation Among Pinusnigra Arn. Clones

in a Clonal Seed Orchard

P.G. Alizott, K. Kilimis, P. Gallios

!Aristotle University of Thessaloniki, 8ool of Forestry and Natural Environment
Laboratory of Forest Genetics and Tregrovement, 54124 Thessaloniki, Greece
E-mail: alizotp@for.auth.gr

Clonal seed orchards are the main sourc®m@st reproductive material for the most
economically important conifer species. Théabbshment of seed chards aims mainly
towards the production of seed crops of higherege value compared to those obtained from
seed stands.

The flowering synchronization among clones in a clonal seed orchard has been proved
to be a crucial factor for the genetic compositibthe seed crop, as it affects the exchange of
genes among clones. Lack of synchronizatomong female flower receptivity and pollen
shedding can violate the basic assumption for an idealized seed orchard, which is the
panmictic equilibrium (El-Kassaby and Kesv, 1991; Matziris, 1994; Kang and Lindgren,
1999; Kang and Mullin, 2006). The above knodge is fundamental for the effective
management of a seed orchard.

Aims of the present contribution wete determine the clonal variation in the
development of different phenological stages of female and male floweRinnsanigra Arn.
clonal seed orchard; to investigate the synchronization among female receptivity and pollen
shedding; to record the vatien of female and male strobili number among clones; and to
evaluate the response of clones to the contrasting environmental conditions recorded among
the two years of study.

The study was carried out & black pine clonal seedabrard that comprises sixty
clones originating from Northern Greece. Ttedy was carried out in two successive years
with contrasting environmental conditionfone year with normal temperature and
precipitation conditions, and ondry year with exceptionally high temperatures). The
different phonological stages ($eal-5 for male and scale 4for female strobili) were
recorded every second day in eight male amgthtefiemale strobili fo each one of the two
ramets per clone that were included in thelgt Fertility was assessedring the second year

of the study, by counting the total number ahtde and male strobili per ramet and clone.
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Figure 1. Black pine clonal seed orchardl@@al male fertity variation).

Figure 2.

The data were analyzed separately for eadivitual year and combined for both years,
following a mixed linear model analygiBroc Mixed, Proc Varcomp; Sas, 1996).

From the results obtained it was shown that significant differences in male and female
fertility exist among the blackine clones. Also, significantariation among clones for the

male strobili dimensions was found.
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It was also revealed that high genetic variagrists among clones for both the female
and male flowering developmental phases. géeetic component of both male and female
flowering earliness is vergtrong in all cases.

The year effect was statistically significant in all cases. No significant clone by year
interaction was detected for the female ons&tnination and duration of flowering for the
stages recorded, while a stttally significant interaction wafound for the pollen shedding
duration.

The high heritability values found indicateat selection for 8wering synchronization
could be effective and resutt rapid genetic gains.

The assumptions for an ideal seed orthas far as synchnization and panmictic
equilibrium are concerned, were not met. Esgcduring the dry ad exceptionally hot year,
a well expressed asynchrony among the blacle gilones was recorded, with apparent
consequences on the genetic composition efsted crop. The above finding could indicate
the effect of the predictedlimate change (with prolondeperiods of drought and high
temperature in the Mediterranean region) tba phenology of flowéng and the genetic

composition of the seed crop obtairfemm black pine seed orchards.
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Practical use of GAy7 to stimulate flower production in Picea abies seed orchards in
Sweden

Curt Almqvist
Skogforsk
Uppsala Science Park
SE-751 83 Uppsala
Sweden

curt.almgvist@skogforsk.se

Abstract

In 2005 we conducted the first practiciteanpt to stimulate flower production Ricea abies
seed orchards in Sweden by applying saAFour seed orchardwere treated: two old
orchards at the end of their production phase two young orchards #te start of their
production phase. Only one treatment of JgpAvas applied to each orchard, and treatment
was done at one single occasion in each orclareky second row ofées was left untreated
and used as a control. Male and female #omg was scored during the flowering season in
2006 from a random sample of trees in alirf@erchards. In autumn 2006, the number of
cones produced per tree was counted in thrabeofour orchards,rm the seed quality was
assessed in two of them. Our results show that thg; @&atment had a significant positive
effect on male flowering in the two young oactls, but not in the two old orchards. A
treatment also had a significant positive effectfemale flowering in three of the orchards,
but in one of the old orchards it had ngrsficant effect on fema flowering. A positive
significant GAy7 effect was found in the number @dnes produced in only one of the young
orchards. Seed quality was not affected by the,&featment. Although the G treatment

did not always have a clear positive effetpnomic calculations based on cone count data
showed that G4y treatment is still a cheap and highly profitable way of increasing the seed

production inP. abies seed orchards.

Introduction

Flower stimulation using Gy has shown positive effects in a large number of conifer
species (see e.g. Owens & Blake 1985). AlsBigea abies positive results has been reported
(Dunberg 1980, Hogberg & Eriksson 1994, Fogal et al. 1996). Consequently, flower
stimulation, using GA4 treatment, has been used roelnfor a long tine in order to

facilitate crossings in the Swedish breedprggrammes. However, seed orchard managers
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have hesitated to use @Ain seed orchards, especially fn abies, due to its irregular and
unpredictable flowering patterns.

In 2005 we conducted the first practical, comnecred-scale attempt to stimulate flower
production by GAy; treatment inP. abies seed orchards. The objectives of the study
presented here were tceasure the effects of the GAtreatment on flower, pollen and cone

production.

Material and methods

Location of seed orchards

Four P. abies seed orchards were treated with £zAtwo old orchards near the end of their
production phase and two young orchards at the beginning of their production phase. The
locations of the orchards arbasvn in figure 1, and descriptio$ the orchards are given in

table 1.

A

Figure 1. Locations of the seed orchards. Btueles show the locations of the two old
orchards: 52 Maglehem and 68 Slogstorp. Redigies show the locations of the two young
orchards: 501 Bredinge onetlisland of Oland and 504 brunna, outside Stockholm.

GAy7 treatment

A single GAy7 treatment was applied to each orchamt] the dates of application are shown
in table 1. Every second row was left as untreataarol to enable statistical assessment of
the treatment. Each graft was given as@Aose correspondintp its diameterat breast
height, table 2. In all orchards, a standard method of/Gfplication was used, i.e. a hole

was drilled into the xylem in the trunk and a £Aolution was applied using a micropipette.
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However, in 504 Albrunna we also evaluatedifferent injection method, using equipment

from ArborSystems that was developed for é¢tijgg insecticides i trees, figure 2.

Table 1. Description of the seed orchards studied,Q3reatment dates in 2005, and the

numbers of grafts and samples included in this study.

504 501 52 68
Albrunna Bredinge Maglehem Slogstorp
Established 1984 1983 1958 1965
Seed orchard managers Bergvik Sodra Svenska Svenska
Skog AB Odlarna AB skogsplantor AB skogsplantor AB
Size (ha) 25 26 5 19
Number of clones 137 100 36 45
Spacing (m) 7x4 7x 3.5 5x 5 7x 3.5
GA47 treatment dates in  July 6-8 June 30— July 7 July 4-5
2005 July 2
No. grafts, flower score 1600 243 363 400
No. grafts, 210 99 100 -
cone count
No. samples, seed quality 9 4 2 -

DBH (mm) of graftsin 73 -171 -
cone count. Min — mean 278
max

126 — 185 - 111 — 290 — 445 -
298
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Figure 2. The Wedgle™ Dire¢hject™ tree injection unifrom ArborSystems (Omabha,
USA) tested in 504 Albrunna.

Table 2. Doses of G4y and the number of applicationipts on each graft used in the GA
treatment of the seed orchards.

Graft diameter at GA47dose Number of application pota (drilled holes using the
breast height (cm) (mg/graft)  standard method or injeoti points using the injection

method)
<7 15 1
7-15 30 2
15-20 45 3
20-25 60 4
> 25 100 5

Flower scoring

Female and male flowering were scoredimyiflowering in 2006 by examining a random
sample of trees in all four orchards, as listedable 1. Flowering wascored in one of ten

classes; from 0 (no flowerdp 9 (corresponding to the maabundant flowering observed in

each orchard).
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Cone count and seed quality assessment

In the autumn of 2006, the number of conesdpced per tree was coedtin three of the
orchards, table 1. From each graft all conasluding vital cones and those affected by
insects and fungi, were collected to estimageptoduction potential of the trees. Seed quality
was assessed for the different treatmentthéntwo young orchards 504 Albrunna and 501
Bredinge. Each sample consisted of 30 cofredlbrunna three samples of each treatment
were analysed, and in Bredinge two saraptd each treatment were analysed. At 52
Maglehem, the samples for the control and theyfteatment were unintentionally mixed

up, so for this orchard only data from two samples consisting of cones from both control
grafts and G4y; treated grafts could be analysed. Sgeality traits analysed were 1000-grain

weight and the number of filled seeds per cone.

Satistical analyses

The Proc GLM module of the SAS program (SAS99) was used for aistical analysis.
Data were analysed separately for each seelkard, and the traitsdtuded in the analysis
were the numbers of female and male flowges graft, and the numbef cones per graft.

We analysed the data ngithe following linear model:

yijk:ﬂ"'b."'cj + 0 X + €«

where:

Yiik = dependent variabliee. the number of female flowers per graft

7 = overall mean

b, = fixed effect of the block

C, = fixed effect of the treatment

g = regression coefficient

i = diameter at breast height (onled in the analyses cone count data)
CH = residual (N(Og?))

The significance of any differences betweendbetrol and treatment least square means was

tested within the GLM procedure.

Economic calculations
Based on the cone count and seed qualityiteeBom 504 Albrunna, along with costings for
the GAy7 solution and G4y application, we calulated the cost of production for one

additional kilogram of filled seeds. The @GAcost was €14 per gram, the labour cost was
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€228 per day and it was possibletteat 600 grafts per day. Wassumed that 80 percent of
the originally planted grafts were alive and ti&tpercent of the conesntained filled seeds.
Rate of exchange used: 1 € = 9.20 SEK.

Results and discussion

Flower and pollen scoring

We found a significant positive effect of the gAreatment on male flowering in the young
orchards, but not in the old orchards (taB)e and scores for ferteaflowering showed a
significant positive effect of the G/ treatment in three of therchards. In one of the old
orchards, the treatment had no significant eftectfemale floweringtable 4. The standard
GA,7 treatment method yielded higher, but not gigantly higher, flowering scores than the
injection method for both male and femalewkring at 504 AlbrunnaA possible reason for
this difference between the ttegent methods is that the GAis introduced into the xylem of
the tree with the standard method, and it® phloem with the injection method. Further
comparative studies between these two methagsegded to confirm whether or not there is
a real difference in the results oibked using thesepplication methods.

The higher average flower scores in thez&eated trees, compared to the controls, were
due to larger proportions of conkigrafts in the lowest scoringlasses, and larger proportions
of GAy-treated grafts in the higlst scoring classes, figuBe The finding that more G#-
treated grafts flowered than the controls implies that morg&&&ated clones pacipated in
the flowering, suggesting in tuthat the treatmentndanced the geneticwdirsity in the seed
crop. The finding that more graft®wered abundantly after GA treatment also implies that
the treatment enhanced the gemdiversity of the seed crop.

Table 3. Results of male flower scoring.

Seed orchard Flower Flower score, GAyz7treatment effect Pr > |t

score, GAstreated  (percent)

controls grafts
504 Albrunna,  4.08 4.55 11.6 0.003  **
standard method
504 Albrunna,  4.08 4.50 104 0.008 **
Injection method
501Bredinge 3.55 3.95 11.2 0.041 *
52 Maglehem 4.78 4.87 1.9 0.596 n.s
68 Slogstorp 4.32 4.34 0.6 0.909 n.s.
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Table 4. Results of female flower scoring.

Seed orchard Flower Flower score, GAyztreatment effect Pr > |t|

score, GAytreated  (percent)

controls grafts
504 Albrunna,  3.18 4.52 42.1 <.0001 ***
standard method
504 Albrunna,  3.18 4.30 35.4 <.0001 ***
Injection method
501 Bredinge 3.46 4.20 21.3 <.0001 ***
52 Maglehem 4.54 4.59 1.2 0.740 n.s.
68 Slogstorp 2.84 3.31 16.7 0.048 *

The absence of any significant effect of fzAreatment in the old orchards may be explained

by the doses given, since they may have been too small in relation to the graft size. The
highest doses of G# (100 mg/graft) were used for graftéth diameters larger than 25 cm,

and at 52 Maglehem and 68 Slogstorp the grafts had an average diameter of 29 cm and a

maximum diameter of 44 cm.

Cone count

In the young orchard 50Albrunna the standard GA treatment resulted in a significant
(P<0.049) 69 percent increasetile number of cones compartmthe controls, while the
injection method resulted in a natatistically significant 33 peent increase, table 5. In the
other young orchard, 501 Bredinge, there was no positive effect of the @atment on
cone production. However, inishorchard both the treatemhd control grafts’ production
levels were extremely high; on average 877 somere produced per graft, with a maximum
cone production for one graft of 2828. In yeatsen high natural floer production occurs,
the grafts probably cannot bear any further spse the increased flowering indicated by the

flowering scores may not rdsin a larger cone crop.

Table 5. Results of cone counts.

Seed orchard Cones per Cones per GA47 treatment effect  Pr > |t

control graft GA4~treated (percent)

graft

504 Albrunna,  169.7 286.9 69.0 0.049 *
standard method
504 Albrunna,  169.7 225.5 32.9 0.352 n.s.
Injection method
501 Bredinge 876.8 830.0 -5.3 0.749 n.s.
52 Maglehem 479.4 494.7 3.2 0.850 n.s

68 Slogstorp - - - -
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Seed quality

The seed quality data show, egected from other investigaiis (e.g. Erikssn et al. 1998),
that the GAy7 treatment resulted in slightly lighteeeds. The differences between the treated
and non-treated grafts were naatstically significantin this respect (table 6), but this may

have been due to the small sizes of our small samples.

Table 6. Seed quality results.

Seed orchard 1000-grain 1000-grain No. of filled No. of filled seeds
weight, weight, GAy~  seeds per cone, per cone, G
controls (g) treated grafts  controls treated grafts

(9)

504 Albrunna, 8.1 7.8 105 106

standard method

504 Albrunna, 8.1 6.9 105 135

Injection

501 Bredinge 9.5 8.9 147 140

52 Maglehem  9.0" - 150 Y ]

68 Slogstorp - - - -

) Average for both control and GAtreated grafts.

Economic calculations

Results from the economic calculations basaddata from 504 Albrunna showed that the
cost of producing an additional kilogram of seeds was €14 (table 7), much lower than the
market price of high quality orchard seed inegl@n (ca. €1100). Even if only one in every
seven treatments with GAwas successful, the cost of prosigcan extra kilogram of seed
would be less than €100; less than 10 percérthe market price of the seed. So, £5A
treatment appears to be a cheap and highdjitable way to increase seed productiorPin

abies seed orchards.

Table 7. Economic calculation results.

Cost of GA7 treatment 311
(€/ha)

Extra production of filled 22
seed (Kg/ha)

Cost of the extra production 14
of filled seed (€/KQg)

Success rate Cost of the extra production
of filled seed (€/Kg)

Every time 14

1 out of 3 42

1outof5 70

1 out of 7 99
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Conclusions

The treatment oP. abies with GAy7 increases both the genetic diversity and size of the seed
crop in seed orchards. Although a positive effect of,theatment is not always obtained,
economic calculations based on our cone count data indicate thatt®@Atment is a cheap
and highly profitable way to arease the seed productionRnabies seed orchards, even if

only one treatment in seven is successful.
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Abstract
Scots pine (Pinus sylvestris L.) has 22 seed orchards covering 116 ha and 36 seed
collection stands (seed stands) covering 4813 ha. The seed orchards had on average 5.6 ha
and 21 years, 41 clones and 36 ramets per clone. The effective number of clones was on
average 37.3, which is 91% of census number indicating that the clones are represented by
similar number of ramets. The stands had 134 ha, 1660 m. altitude, 105 years, 26 m. height,
35 cm diameter on average, were briefly documented in this study. Seed orchards in Turkey
usually draw their clones from a single seed collection stand. Although it was changed for
years based on annual plantation program, at beginning of the century more than 90 % of seed
demand for forest plantation in Turkey was covered from the seed stands for some years, and
the impact of seed orchard crop is raising.
There were large differences for number of clone and ramets per clone and total
number of ramets among the orchards. Large differences for the documented characters were
also found among the seed stands. Results of the study were discussed based on seed source

management and breeding programs.

Key words: Pinus sylvestris, seed sources, effective number of clone, breeding program.

Introduction

Scots pine

Scots pine (Pinus sylvestris L.) is one of the economically and ecologically most
important forest tree species for both Europe and Asia. It has also an interesting growing as an
introduced exotic species such as Korea, China, Mexico and New Zealand, where provenance
and cultivation trials have been established (Boratynski, 1991). Scots pine occupies between

37°-70° N latitude and 7°-137° E longitude in the world (Anonymous, 2001).
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Scots pine is one of the five native pines (Pinus brutia, P. nigra, P. sylvestris, P.
pinea, P. halepensis) in Turkey. It is classified as one of the economically important species
for Turkish forestry and the “National Tree Breeding and Seed Production Programme” which
is a part of the Turkish-Finnish project, implemented in cooperation between the Turkish
Ministry of Forestry and Enso Forest Development Oy Ltd (Koski and Antola, 1993). While
Scots pine grows between 0-2700 meters (mainly 1000-2500 m.) above sea level in Turkey, it
also grows up to 3125 meters. Within its natural area it grows in different ecological
conditions. Such a wide range of ecological conditions could favor the formation of a variety
of ecotypes. For instance, Turkey has Pinus sylvestris ssp. hamata var. hamata and P.
sylvestris ssp. hamata var. compacta (Anonymous, 2001; Genc, 2004). Pure stands of the
species occupy roughly 750 000 ha in mostly Black sea coastal mountains at northern part of
Turkey (38°41'-41°48' N latitude, 28°00'-43°05' E longitude) where the climate is humid, of
which roughly 475 000 ha (65%) are considered to be productive forests. Scots pine had only
3 % of the artificial and 1 % of the natural regeneration area during the last 20 years (Koski
and Antola, 1993). Annual yield is 1 976 688 m” in the species. Annual increment is 10.43 m’
varied between 1.33 and 26.81 in Turkey (Anonymous, 2001).

Afforestation is one of the important ways to turn into productive forest of
unproductive forest and to increase its current distribution area. For instance, its distribution
was increased from 738 192 ha (Anonymous, 2001) to 757 426 (Caliskan, 1997) between
1980 and 1997. But, suitable area for afforestation of the species is about 500 000 ha
(Anonymous, 2001). Seed collection stand and orchards are more important seed sources for
the plantation. The natural range of the species was divided geographically into four main and
seven sub breeding zones based on climatically and ecological conditions in the “National
Tree Breeding and Seed Production Programme” (Koski and Antola, 1993) (Figure 1).
Collected seed both seed orchard and seed stands are mostly tested such as germination
percentage by Forest Tree Seeds and Tree Breeding Directorate. And some of the collected
seed are exported or sold to local private companies. For instance, 15 kg Scots pine seeds

were exported during last five years (Anonymous, 2004).
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Figure 1. Breeding zones, present seed orchards and seed collection stands of Scots pine.

Seed orchards

The first trial seed orchard with Scots pine (10 clones and 96 ramets) was established in
Turkey in April of 1964. Turkey has currently 171 seed orchards in 1165.4 ha of eight forest
tree species (Pinus brutia, P. nigra, P. sylvestris, P. halepensis, P. pinea, Cedrus libani, Picea
orientalis, Liquidambar orientalis). Tree breeding in Turkey on an operational scale was
initiated with plus tree selection and establishment of seed orchards in 1972, Establishment of
seed orchards have been continued with 6952 plus trees selected phenotypically (e.g. growth
rate, stem and branch forms) mostly in seed collection stands of 11 species

(www.ortohum.gov.tr, 2007). It was characteristics of the present Turkish seed orchards that

they have been established with about 30 plus tree clones each, selected from a single seed
stand at the same breeding zone. While phenotypic selection was used in establishment of
early seed orchards, phenotypic selection and progeny test will be combined in establishment
of new seed orchards based on National Tree Breeding and Seed Production Programme.
Both establishment of seed orchards and selection of seed collection stands are administered
by “Forest Tree Seeds and Tree Breeding Directorate” of Ministry of Environment and
Forestry.

Seed collection stands

There are 338 seed collection stands (seed stands) in 46 086 ha of 27 forest tree
species in Turkey. They are selected phenotypically based on geography (natural distribution
area) and target characters of the species in breeding program. For instance, the most
important characters of Scots pine which should be improved by means of breeding are height

growth. In addition the quality character that effect the usefulness of stem should be
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improved. Besides, forest resistance is essential for high elevation areas near the forest tree
line such as Kars-Sarikamis (more than 2200 m elevation) (Koski and Antola, 1993). The
seed collection stands are also used as source of vegetative materials/ancestor of long-term
breeding populations to establish seed orchards.

Seed orchards and seed collection stands of Scots pine in Turkey were documented
based on establishment (number of clone and ramets, effective number of clones) and
selection characters (altitude, area, age, height and diameter). Results of the study were

discussed for National Tree Breeding and Seed Production Programme.

Material and M ethods

Seed orchards

General information of seed orchards was taken from Forest Tree Seeds and Tree
Breeding Research Directorate. In this study following criterions of the orchards were used
based on Turkish forestry.

Number of clones and ramets per clone

Number of clones and ramets per clone have important roles on gene diversity in seed
orchard crops and economy of the seed orchard (i.e., selection of clones, growth of graft,
establishment, thinning). If many clones were used, genetic diversity would be high;
establishment cost also would be high. When a small number of clones are used, some rare
allele in a base population may be lost in a seed orchard due to sampling effect (Bilir et al.,
2004). For gene diversity of orchard crops, the number of clone may be more important than
to use equal number of ramet among clones (Kang et al., 2001). Classes of number of clones
were determined according to the minimum clone numbers (30) (Bilir et al., 2004).

Effective number of clones

The effective number of clones (N;) was estimated based on ramet numbers of clones

(n) (Kang et al., 2001) as:

N — nztotaj _ 1 _ 1
c~ N 5 - N 2 7 N R
Z U n, Z r

= i1 \ Niotal =

where n; is the number of ramets for i™ clone; N is the census number of clones and r; is the
proportion of the i™ clone in the seed orchard. If the clones are unrelated and not inbred the
effective number of clones can be considered as equivalent to the status number of clones

(Kang et al, 2001).
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Seed collection stands
Seed stands data were taken from website of “Forest Tree Seeds and Tree Breeding

Research Directorate (www.ortohum.gov.tr, 2007). Following characters of the stands were

documented in the study.

Age

Age is important for reproductive characters such as cone and pollen production of
individual/stand. Age classes were determined according to the rotation age (80-100 years) of
the species (Genc, 2004).

Altitude

The character is important for both seed production used in plantation and gene
conservation. Altitude classes were determined according to the low (<1200 m), middle
(1200-1600) and high (1600<) zones (Koski and Antola, 1993).

Area

It is important for selection/breeding program cost, thinning, and protection. Its classes
were determined according to the minimum area number, which is about 100 ha (Koski and
Antola, 1993).

Height and diameter

Height has an important role in seed cost (e.g. seed collection). Height and diameter

are important phenotypical characters during selection of seed stand and clone.

Results and Discussion

Seed orchards

Scots pine has 22 seed orchards in 116 ha (Table 1, Figure 1), two of which is Pinus
gylvestris var. compacta in 4.8 ha. One of the orchards is shown in Figure 2. Current seed
orchards covered 9 % of seed demand for some years (e.g. 2002) (Cengiz, 2003). But, it was
related to annual plantation program. For instance, plantation area was 7542 ha in 2002; 1227
ha in 2003; 3897 ha in 2004; 3149 ha in 2005; 2000 ha in 2006 (Personal communication with
M. Alan). So, seed orchard crop was fully covered for 2003, but was not sufficient for 2002. It
could be also changed for good/poor seed year or age of the orchards. 30 % of the orchards
including 404 clones (49% of total clones) at 39.6 ha (34% of total area) is lower than fifteen
years (Table 1). Male strobili appear sporadically in the first three years after grafting
regardless of origin. Until 12 to 15 years graft produce more female strobili than male. At the
age of 15 to 20 years, the production of male strobili was about 5 times higher than female

(Chalupka, 1991). Bilir et al. (2007) estimated average seed production as 2.3 kg per hectare
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in three Turkish seed orchards of the species for one year data. New seed orchards are

established as emphasized in National Tree Breeding and Seed Production Programme.

Table 1. Number of clones (N), total number of ramets (3 n), effective number of clone (N¢),
the relative effective number of clones (N;), coefficient of variation (CV) among clones in

ramet numbers and general knowledge.

Breeding N >n Ne Ny Cv Area  Spacing  Age (year)
zone EN/N) (ha) (m)
1 10 94 9.9 0.99 8.5 0.2 5x5 43
3 25 1222 23.2 0.93 27.3 6.0 7x7 25
1 28 1035 253 0.91 32.0 5.1 7x7 25
2 29 1100 26.7 0.92 29.2 5.4 7x7 24
1 29 1193 26.8 0.93 28.1 6.2 7x7 21
1 30 1034 22.9 0.76 55.6 5.1 7x7 19
4 30 1050 27.4 0.92 30.2 5.5 7x7 17
1 30 1154 27.4 0.92 31.0 5.8 7x7 30
2 30 1200 279 0.93 27.0 7.2 7x7 23
4 30 1274 279 0.93 27.1 6.5 7x7 20
2 30 1406 27.0 0.95 33.1 6.9 7x7 15
1 30 1807 28.4 0.95 23.0 6.7 6x6 10
1 30 1987 28.4 0.96 23.6 7.2 6x6 12
1 31 917 28.2 0.91 31.3 5.1 7x7 18
1 31 1258 28.5 0.92 29.2 4.0 5x5 31
4 36 2060 32.5 0.66 32.7 5.7 5x5 3
1 43 728 34 0.79 51.3 3.6 77 30
1 43 1220 39.7 0.93 28.5 6.0 7x7 30
2 126 453 107.7 0.90 41.2 32 77 7
2 152 2021 145.3 0.86 31.3 9,9 77 9
average 41 1211 373 0.91 31.0 5.6 - 21
range 10-152  94-2060 9.9-1453 0.76-0.99 8.5-55.6 (0.2-99 - 3-43

There were large differences among the orchards based on number of clones (N), total
number of ramets (3.n) (Table 1). There were fifteen times differences between the lowest
(N=10) and the highest (152) seed orchard for the number of clones. Besides, average of

number of ramets per clone was 36 and varied between 4 and 67. Most of the orchards (70 %)
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had more than 30 clones and more than 30 ramets per clone (Table 1). Bilir et al. (2006-a)
suggested less clones (e.g., 5-10 clones) based on fertility and gene diversity in establishment
of seed orchards both economy and balance among clones. Bilir et al. (2004) reported that
even though the production of strobili is assumed to be proportional to the successful number
of gametes, the number of 30 clones could hardly deliver entire gene diversity of the base
population into the seed orchard. When used many clones in establishment of seed orchard,
fertility variation among and within clone can be high (e.g., CV) and then balance of fertility
by seed orchard manager can be hard (Bilir et al., 2006-a). Besides, effective number of clone
can be low. So, fewer clones (e.g., 5-10 clones) should be used at establishment of seed
orchard. It could be reduced to 20 or fewer clones after genetic rouging (Lindgren and
Prescher, 2005). While early Turkish seed orchards were established with about 30 plus tree
clones selected phenotypically from a single seed stand, new seed orchards have been
established with 100-200 clones based on progeny test and the breeding program. Besides,
number of seed stands or base populations used establishment of seed orchard should be
increased for high gene diversity in seed orchard crop and transmit of gene diversity by

afforestation to next generations and resistance of afforestation to biotic and a biotic factors.

Figure 2. Scots pine seed orchard established at Mengen, Bolu, with spacing 7x 7 m., 1034

grafts from 30 clones selected from a seed collection stand in 1988.

Effective number of clones

There were small differences between effective number of clones and number of
clones, more than 90% of relative effective number of clones (Table 1). Using of equal or
similar number of ramets per clone is important for effective number of clone. For instance,

effective numbers of clone were 22.9 (N, = 0.76, CV=55.6) and 28.4 (N, = 0.96 CV=23.6)
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which have the same clone number, respectively. Effective number of clone (N¢) was also
estimated based on number of clones (N) and coefficient of variation (CV) for the number of
ramets among clones as N¢= N/(CV2+1) (Kang et al., 2001).

Effective number of clones (N¢) becomes the status number (Ns) of the orchard crop if
parents are unrelated, non-inbred and parental fertility is proportional to the ramet number and
all parents are included (Lindgren and Mullin, 1998; Nikkanen and Ruotsalainen, 2000; Kang
et al., 2001). Gene diversity (GD) can be related with the effective number of clones (GD=1-
0.5/N¢) by Lindgren and Kang (1997) or with status number (Ng) as: GD = 1- 1/ (2*Ns), and
also with the relative effective number of clones (N;) and clone numbers (N) as: (GD=1-
0.5/N*N;). Maximum gene diversity of seed orchards crop for a given clone number is
attained when all parents contribute equally to the gamete gene pool (Kang, 2001). In this
situation coefficient of variation (CV) among clones for ramet numbers play important role in

gene diversity of seed orchards crop.

Table 2. Number, area (ha), number of clones and number of ramets for seed orchards
and number of plus trees selected and proposed for Scots pine and estimated seed demand in

the four Turkish breeding zones.

Breeding zones

1 2 3 4
Number & (%) 11&(55%)  5&(25%) 1 & (5%) 3& (15 %)
Total area & (%) 55&(49%) 326 & (29%) 6.0& (6%)  17.7 & (16 %)

Number of clones & (%) 335 & (41 %) 367 & (44 %) 25 & (3%) 96 & (12 %)
Number of ramets & (%) 12440 & (51 %) 6180 & (26 %) 1222 & (5 %) 4384 & (18 %)

Current selected plus trees' 1124 380 475 440
Proposal number of selected 1500 500 500 500
plus trees'

Sced demand (ke) & (%)’ 985 & (68%) 24 & %) 164 & (11%) 270 & (19%)

Y Koski and Antola, 1993 ; ? Anonymous, 1992

There were large differences among seed orchards for the coefficient of variation (CV)
of ramet numbers among clones (Table 1). But, it could be balanced by genetic thinning
together with reproductive characters. Bilir et al. (2006-b) reported higher variation within
clones than among the clones for strobili production in three Turkish Scots pine seed
orchards. Most of the orchards were established in first breeding zone as seen from Table 2
and Figure 1. It is normal that because about 41 % of the natural distribution is in first

breeding zone.
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Seed collection stands
Scots pine has 36 seed collection stands, (Figure 1) in 4813 ha, selected
phenotypically such as stem and crown forms, small branch (Figure 3). The general

characters of the stands of the species were given in Table 3.

ol sl

Figure 3. Seed collection stand (left) where a plus tree was selected (right) (1300 m).

More than 90% of the seed demand for plantation in the species is covered from these
stands for some years as related to annual plantation program. They are also base population
of vegetative material to establish seed orchards. Although seed collection stand is a way of
cheap breeding such as short-term breeding, seed orchard has also some advantage such as
harvesting cost and quality in seed crop. For instance, while average of one thousand seed
weight is 4 g, it increases up to 6-7 g in seed orchard crop (Urgenc, 1982). Also, seed harvest
is possible on ground in seed orchard. While it was found 9.2 g in natural populations
(Boydak, 1977) and 9.9 g in eleven seed collection stands (Turna, 2003) and 9.3 g in three
seed collection stands (Ucler, 1991) in Turkey, it was estimated 11 g in three Turkish Scots
pine seed orchards (Bilir et al., 2007). Besides, seed orchard crop (Bilir, 2007 unpublished
data) had bigger size than seed stand seed (Turna, 2003). The differences were also valid for
subspecies and variety of the species. For instance, 1000 seed weight was 2-4 g in Pinus

sylvestris ssp. lapponica, 4-7 g in P. sylvestris ssp. sylvestris (Molotkov and Patlaj, 1991).

Table 3. Averages and ranges of the seed stands.

area (ha) altitude (m) age (year) Height (m) diameter (cm)
Average 134 1660 105 26 35
Range 45-303 900-2350 78-164 16-36 17-45
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The seed stands are 0.7% of total area of Scots pine. It should be at least 3-5% for
gene conservation and seed harvest. Seed stand is also a way of the cheap breeding. So, new
seed stands should be selected. 47 % of the current seed stands are over than rotation age of
the species (100 years). The species starts seed production at natural stands 30 years
(Anonymous, 1986). Urgenc (1982) suggested that seed stand in Scots pine could be selected
up to 90 or 135 years. Stands of high quality and of high productivity at an age of 60-80 years
are best suited for the selection of plus trees or up to 100 years depending on the felling age
(Philgas, 1991). Besides, size and quality of seeds harvested from more than 200 years seed
stand could be low (Genc, 2004). While 100 ha were proposed as minimum seed collection
stand area (Koski and Antola, 1993), 35 % of the stands had less than 100 ha. Half of the
stands were between 1200 and 1600 meters, while 44 % of them were more than 1600 m.
The seed stands for altitude are normal. Then, while new seed stands are selected, age and
areas should be considered. There were large differences among the stands for the characters
such as seven times differences between the lowest and largest area of the stands.

More than 50 % of the seed stands are in first breeding zone based on number and

area, it is well accordance with natural distribution area of the species in first zone (Table 4).

Table 4. Natural distribution and seed collection stands (ha) based on breeding zones.

Breeding zones
1 2 3 4
Number & (%) 20 & (56%) 7 & (19.5%) 2 & (5.5%) 7 & (19%)

Total area & (%) 2772 & (58%) 600 & (12%) 377 & (8%) 1064.5 & (22%)

Core area & (%) 1890 & (62%) 260 & (9%) 313 & (11%)  582.5 & (19%)
Natural area & (%)* 299 205 & (40.5%) 5170 & (0.7%) 278 038 & (37.6%) 155191 & (21%)

*; Anonymous, 1980

While natural distribution area of the species is high in third zone, number and area of
the selected seed stand is very low (Table 4). It can be because of the similarity of distribution
of main stands (Figure 1) and also seed demand in the zone (Table 2). While annual seed
demand of Scots pine is reported about 715 kg (Cengiz, 2003), it is reported in another study
as 1 440 kg (Anonymous, 1992). The differences can be because of the good seed year or
annual plantation program.
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Do We Need Flower Stimulation In Seed Orchards?
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Abstract

After long-term studies, an application of growth regulators, mostly gibberellins, became an
efficient method of flower stimulation practically used in seed orchards. However, results of
experiments indicate also some other possibilities of flower regulation, i.e. control of the
strobili sex, changes in the strobili distribution within the crown, and differential effectiveness
of growth regulators depending on the natural ability of clones to flowering. These effects are
shortly discussed in the paper with regard to question of proposed selective stimulation of

strobili bearing.

Introduction

Studies on physiology of hormonal flower induction in seed orchards of forest trees started on
the turn of the 1950s and they were developing extensively until the 1990s (for review see,
e.g. Pharis and Kuo 1977, Zimmermann et al. 1985, Owens and Blake 1985, Bonnet-
Masimbert 1987, Chatupka 1991a and 2007). After several years of investigations, many
practical recommendations were formulated for seed orchard managers how to apply growth
regulators more efficiently and on a large practical scale (e.g. Philipson 1990, Almquist
2007).

However, from the past research activity in that field we are able to draw some
additional conclusions which could be also useful in practical application of hormones to

stimulate flowering in seed orchards.

Harmonization of inter-clonal variability in flowering

One of the main principles of seed orchards management is the promotion of genetic diversity

in progeny. For that reason, when planning the lay-out of seed orchard, the same or very
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similar number of grafts of each clone is initially planted, assuming that this will result in an
equal or at least similar contribution of clones to the genetic composition of seed orchard
progeny. However, from many literature data it is known, that finally more or less half of the
clones in the seed orchards produces nearly all male or female strobili (and seed crop as a

consequence) (e.g. Jonsson 1976, Wesoty 1984, Nikkanen and Ruotsalainen 2000) (Fig. 1).
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Fig. 1. Mean percentage of male and female strobili produced by 24
clones in a Polish Scots pine seed orchard (after Wesolty 1984).

This means that significant disparity exists between the level of genetic diversity in seed
orchard progeny expected from the proportions of planted clones, and the level of genetic
diversity resulted from observed participation of clones in genetic diversity of seed crop.

It was revealed in some investigations that the efficiency of flower inducing treatments
could be higher in poor flowering clones than in good flowering ones (Fig. 2) . Such increase
in the number of strobili in poor flowering clones creates a possibility to equalize to some
extent a strobili production by clones and support the participation of poor flowering clones in

progeny gene pool.
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Fig. 2. Efficiency of GA4/7 treatment in Scots pine clones with different
female and male flowering ability (after Chalupka 1991b).

Changing in the distribution of strobili in crown

Natural differences exist in the distribution of female and male strobili in the crown of grafts
(Fig. 3).

Fig. 3. Distribution of male and female strobili in the crown whorls
of 16-year-old grafts of Scots pine in northern (N), central (C)

and southern (S) Finland (based on data of Bhumibhamon 1978).
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It has been established that gibberellins were effective in promoting female flowering in the
lower part of graft crowns in Larix sp. (Bonnet-Masimbert 1982), and Picea glauca
(Marquard and Hanower 1984 b). Also in Pinus sylvestris (Chatupka 1980) the efficiency of
the gibberellin treatment was much higher in the middle and lower branches that in upper

ones (Fig. 4).
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Fig. 4. Effect of GA4/7 on the percentage of shoots flowering female
and number of female strobili in upeer (U), middle (M) and
lower (L) branches of Scots pine grafts (after Chatupka 1980).

Timing

There are some disproportions between clones and/or grafts in the ratio of female to male

on time of gibberellins application.

Table 1. Summary of results on timing experiments with Scots pine grafts
(after Lukkanen 1980, Chatupka 1984 and Almqvist 2003).

Timing and GA4/7T stimulation effect
( Pinns sylvestris)

Time of treatment Stimulaiion effect
V=¥l )
VI - VIl "
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It has been established that application of gibberellins at early stage of the growing season
promoted the initiation of male strobili, while application in later stages increased female
strobili production (Luukanen 1980, Chalupka 1980 and 1984, Almqvist 2003). The

summarized results of those experiments are presented in Table 1.

Conclusions

Results demonstrated above, i.e. higher efficiency of gibberellin treatment in poor flowering
clones and in lower part of crowns, and effect of timing of treatment application on sex of
strobili induced, allow us to modify strobili production in seed orchards by treating only
selected clones with gibberellins application at proper time. Therefore, the possibility exists to
harmonize participation of clones in genetic diversity of seed crop.

Answering the title question it is obvious that the flower stimulation in seed orchards
is needed, however it could be selective one. A more or less equal contribution of all clones to
genetic diversity of seed crop should be a target of such selective stimulation. However,
further detailed studies on morphogenesis of generative organs are necessary to develop

hormonal treatment more effective.
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ABSTRACT

Flowering process in a seed orchard igat importance, since it affects the gene
exchange between the clones and consequialgenetic compositioof the seed produced.
The knowledge of flowering pheragy is of great importance driundamental need for the
successful operation of any seed orchard. Sedéfarent techniquefiave been developed
for quantifying the degree of reproductive shyranization between all rtiag pairs of clones.
A programme intended for SAS-pc (SYNCHRO.SA®f recently been eated to facilitate
phenological data processing anccompute several phenologicsginchronization indices for
each male-female combination and to enabtestraction of the male and female phenograms
as well as other simple graphics thatymiaelp in the intergetation of phenological
synchronization parameters. Reproductive plagy was studied in a radiata pine seed
orchard, located in northern Spain. Timing awkering was determined on the basis of data
recorded by visual observations mades¢htimes a week in 2000, 2001 and 2002 flowering
period. In general, the flowering periods tife different clones overlapped. The male
flowering clones that best synchronised witle females appeared to be those that started
flowering earlier. The phenologal overlap index varied gréatamong clones, whether male
or female. SYNCHRO.SAS was a very usefobl for calculate tb overlap indices and

obtain phenological graphs.
INTRODUCTION

Radiata pine Kinus radiata D.Don) is one of the mostxetic planted forest in the

world and was introduced iGalicia (northern Spainjt the middle of the 19 century.
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Actually it is the third most important foregtspecie in Galicia occupying the 12% of the
Galician forest area (Anonymous, M.M.A2001), being one of the most important
commercial specie for local wood industries that are an imgoeeonomic seot in this
area.

The main use of radiata pine in Galidg for furniture, sawn-timber and poles.
Therefore, a radiata pine tree improvemermtgpam was initiated in 1992 in Galicia by the
CINAM (Centro de Investigacion e Informacion Arental de Lourizan) with plus tree mass
selection in Galician plantations and the us¢he$ material for seed production in a clonal
seed orchard (Sergude, A Coruiia, Codesido antbM#001). The selection criteria for plus
trees were superior height growth, an excel&raight stem, flat bram angle and they must
to be freedom for disease and defect.

We recollected grafts to install a clonaédeorchard and seedsitstall progeny tests
from the plus trees selected. The seed octheas installed far away from radiata pine
plantations to avoid pollen contamination.

Flowering process in a seed orchard igyadat importance, since it affects the gene
exchange between the clones and consequently the genetic compdstierseed produced.
The knowledge of flowering pheragy is of great importance driundamental need for the
successful operation of any seed orchard.

Several different techniques have bedsveloped for quantifng the degree of
reproductive synchronization between all matpairs of clones (Askew, 1988; Askew and
Blush, 1990; Xieet al., 1994; Gomonet al., 2000, 2003). A programme intended for SAS-Pc
6.12 (SYNCHRO.SAS) has recentlgdn created to facilitate ph@ogical data processing
and to compute several phenologicainchronization indices for each male-female
combination and to enable ctongtion of the male and female phenograms as well as other
simple graphics that may help in theterpretation of phenological synchronization
parameters (Zaet al., 2003)

The objectives of this study were:
B Determine the phenological variation in female and male flowering in a
radiata pine seed orchard
B Describe the timing of femaleceptivity and pollen shedding
B Comprobe the utility of the SYNCHRO.SAS program in calculate
phenological data
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MATERIAL AND METHODS

The radiata pine seedabvard was established Bergude betweef©997-1998, and
consists of 68 clones coming from selected pless in Galicia. The orchard is divided in 10
randomized complete blocks. Each block eomd one ramet of each of 68 clones. The
spacing is 1.5 x 3m.

In 2000, 2001 and 2002, flower bud develgmnwas monitored in 25 randomly
selected clones in the orchard. Between Jgnaiad late March, the reproductive phenology
of three male and three female marked bras@n each tree was obsefibree times a week
to determine the phenological stage of eacbbdirin each branch at a given date, until all
pollen was released and seed cones were no longer receptive (Calleid@005). The
number of ramets per clone varied betweem& 8. Observations @bwering were made on
the same trees each year, but not always osaime branches. We distinguished four female
stages and four male stages. The female stages described by Matziris (1994) as follows:
stage 1, the female bud is increasing in skgomes cylindrical, but is still completely
covered by the bud scales (0% female recep}jvstage 2, the apex of the enlarged
cylindrical bud is opened and the first ovulifesogcales appear. At thisage the ovules are
not receptive, but pollen grains ynget inside the bud scales ahthey survive they may to
be able to take part in fertibtion (20% female receptivity);aie 3, the scales of the female
conelet are gradually separated afdost form right angles with the axis of the conelet. This
is the stage of maximum receptivity (100%i)dastage 4, the ovuliferous scales increase in
size and thickness so that gteobili are no longer recepg 0% female receptivity).

The male stages were described as foll¢sdesido and Merlo, 2001): stage 1, the
round brown strobili are covered by the bud esdl0% pollen sheddipgstage 2, the male
strobili burst through the budtales and elongate (0% pollen shedding); stage 3, the yellow
strobili start shedding their pollen (100% pollen shedding) and stage 4, end of pollen
shedding. The male strobili wither and fall do{@% pollen sheddingyVhen there was more
than one female flower per branch, we considénedeginning of female receptivity in all of
the branch when some of the flowers reacheddceptive stage. In the same way, receptivity
was not considered to be concluded until all the female strobili of the branch had reached the
end of the receptive stag@skew and Blush, 1990).

Phenological scores must be assessed onlbganhh in each ramet on each day of the
study. The data were prased using the SYNCHRO.SAgogramme, introducing the

percentage of female receptivity or the petaga of pollen shedding associated with each
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phenological score and the datetlod start and the end of assment to obtain: the predicted
beginning, end and duration ofnfi@le receptivity and pollen stiding for each clone and for
each ramet; the overall synchronicity grap¥hich represented the overall mean female
receptivity and mean pollen shedding in alireds over time (e.g. Matziris, 1994); the male
and female phenograms presented as bandstioverwhich representethe relative female
receptivity (or pollen shedding) of each cloakea given date (see e.g. Askew and Blush,
1990).

RESULTS

The variation in the flowering patterns frgraar to year can be observed in the graph
of overall phenology synchronig (Figure 1). Maximum femaleeceptivity was earlier than
the peak of pollen shedding by 7 days in 200 lay2 days in 2001. Both peaks coincided in
2002. Note that in 2000, 15% of receptive fenstebili remained in the seed orchard after
pollen shedding stopped, so that 15% of the stnalre not pollinated in this year. This did
not occur in the following two years. In 206 receptive period extended from Februafy 3
to March 18 and the pollen shedding period from Februa®{} ttiMarch §'. The maximum
number of receptive strobil65%) occurred on February 2ne week before the maximum
pollen release (98%). In 2001 the retbep period extended from January™® March £
and from January &5to February 28 for pollen shedding. On Februarl,0% of all of the
flowers monitored were receptive and onlyotwlays later, 55% of male strobili were
shedding pollen. In 2002 the patt was very similar to thaibserved in 2000, with the
receptive period occurring between Februdly 2nd March 1%, but on February 13the
percentage of receptive strobili was 90%. Fotensdrobili, the period of pollen shedding
occurred between February™io March 1% with a maximum of 70% on February 25
Pollen shedding always began some days #ifeecommencement of seed-cone receptivity (8
days in 2000, 11 days in 2001 and 11 days in 2002).

The large variation among clones in thédiation, cessation anduration of female
receptivity and pollen shedding was evident in the phenograms (Figure 2). The differences
between the clones that were &=t and latest in startingehieceptive period were between 8
and 19 days for the beginning of the female #owg. The same clone (clone 41) was earliest
in starting the receptive period in all three yeand clone 09 was always the latest. On the
right of each phenogram appeared the overage clonal overlap index, POij index, which is a

guantitative measure of the proponal symmetry of the female and male phenograms, is the
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ratio of the common area to the maximuneaabetween the female and male phenograms
summed across all registered days and for each pair of clones. The variation in the index
calculated for female flowering rangdaetween 0.13 and 0.54 in 2000, and for male
flowering, the index ranged between 0.17 @mi7. In 2001 PO values varied between 0.19
and 0.37 for female and from 0.21 to 0.41 for male. In 2002, they varied between 0.23 and
0.51 for female and between 0.05 and 0.58 for male.

In general, the clone 42 was the bestriapping male flowering clone and the best
female one was the 18. In 2000 and 2001 every lteeclane was able to be pollinated by
every male clones and every male clone was able to pollinate every female clones.
Nevertheless, in 2002 five pair of matingmés were not possible. There was no pollen
available in clone 38 when clongs, 12, 20, 39 and 41 were receptive.

The distributions of the pheragical overlap index (Figure 3) varied greatly between
years with averages of 0.34 in 2000, 0.22@91 and 0.42 in 2002. The synchronization of
male and female phenology for each painwting clones varied between 0.01 and 0.74 in
2000; between 0.07 and 0.52 in 2001 and betvweand 0.82 in 2002n 2000, 43% of the
pairs of clones had POij values that werghler than the seed orchard mean, in 2001 it was
45% and in 2002 it was 55%. In general, moshet were synchronized, the overlap indices
generally being higher than 0.40.

CONCLUSIONS

1. Flowering phenology was chaoterized by a steady imase in the number of
receptive trees and the absence of pollenodomt the beginning of the receptive
period. After a few days of female receptperiod in the seed orchard, there was a
steady increase in pollen productiwith a peak in pollen shedding.

2. The percentage of strobili shedding pollensvggeater than the percentage of female
receptive strobili in 2000 but not in 2001 and2002, possibly because of the rainfall
patterns. Conditions were drier in 2000 than in 2001 and 2002.

3. During the three years under study, we observed a gradual shift in flowering
phenology, probably due to the juvenility thfe seed orchardyith synchronization
between female receptivity and polleimnedding periods improving with time.

4. Stabilization between all pair of cloneppeared to be reaatheeach clone could
pollinate each other at some moment ofgbéen shedding process and could also be
pollinated by any clone in some moment of its receptivity phase.
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5. The indices varied greatly among any ondemar female parent and also among
years. The overall seed orchard P@ex value was 0.34 in 2000, 0.29 in 2001 and
0.42 in 2002.

6. In 2002 the orchard reached desirable PO values, except for clone ID38 which was
severally affected byRhyacyonya buoliana the summer before and all its ramets
appeared to be unhealthy. This was the only clone in 2002 that could not pollinate
some of the other clones. If we elimin#éités clone from the @hard we could obtain
good flowering synchronization, with amchard mean PO value about 0.6.

7. The best overlapping male flowering cloreggpeared to be theslones that started
flowering earlier. Nevertheless, the higheserlap indices for female flowering were
observed for intermediate flowering clones

8. The reproductive synchronization of the seedhard was not perfect, but improved
each year.

9. The PO values were useful for follavg the development of young seed orchards
until reaching reproductive stability.

10.SYNCHRO.SAS was very useful to help tas calculate the overlap indices and to
draw phenological graphs
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FIURES

Figure 1. Graphs of overall phenological overldpne percentage of receptive strobili and

shedding pollen strobili are shown.
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Figure 2. Flowering phenograms. R@ean clonal index values are shown in boxes on the
right hand side.
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Figure 3.Frequency histograms for PO indices.
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Abstract

Forest policy in Flanders (Belgium) strongly promotes the use of indigenous hardwoods,
among which wild cherry (Prunus avium L.), for re- and afforestation and for stand
conversion,. This line of policy generates a strong demand for high quality forest reproductive
material, which cannot be met by the currently available basic material. The selection and
breeding programme attempts to remedy the discrepancy between supply and demand by
creation of a new generation of clonal seed orchards characterised by (i) a high yield and (i1) a
high genetic quality and diversity of the offspring. This goal was achieved by selection of 52
genotypes based on half-sib progeny trials. Yield and genetic quality of the offspring was
enhanced to a further extend by adjusting the spatial design of the seed orchard to the
phenologically and gametophyticaly cross-compatibility of the selected genotypes.
Background pollination is reduced to a minimum by establishment of the seed orchard at a

minimum distance of 400 m from other wild cherry populations and sweet cherry plantations

Introduction

The use of wild cherry (Prunus avium L.) for re- and afforestation is motivated by the
acknowledgement of its high silvicultural, ecological and economical importance. Wild
cherry is a tolerant tree species allowing the establishment of mixed forest stands and is a
relatively fast growing hardwood producing very high quality timber. Furthermore, the
species is often mentioned as a potential alternative to poplar for the afforestation of
abandoned and set-aside farmland. Through the implementation of the EU Council Directive
1999/105/EC in the Flemish Forest Decree, the certification of forest reproductive material of
wild cherry became compulsory and, thus, the genetic quality of the reproductive material had

to be warranted. The present annual demand for reproductive material, amounting to 30 kg of
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pure seed on average, cannot be met by the available indigenous basic material. Firstly,

reproductive material of the category “source-identified” is not allowed for forestry purposes,

1.e. wood production. On the other hand, only two Flemish seed stands and one seed orchard

are presently recorded in the Belgian Catalogue of Forest Basic Material.

The area of the seed stands is very restricted, viz “Vrebos” (0.28 ha) and “Rattenberg” (0.37

ha). Consequently, the yield is very low, being about 10 kg of pure seeds in good crop years.

Moreover, the harvest is not cost-effective as the cost price is about four times the selling

price. Observation of the fruit morphology of the cherries harvested in “Vrebos” strongly

indicates an introgression from sweet cherry cultivars. Moreover, this seed stand is

characterised by a predominant regeneration through root suckering resulting in a marked

clonal structure: the 402 individuals only represent 64 different genotypes with a fairly low

genetic distance (~ 0.23). Therefore, the seed stand “Vrebos” is likely to be removed from the

above-mentioned catalogue. Finally, the potential for the selection of additional seed stands is

limited, due to the occurrence of wild cherry as individual trees or small clusters scattered

throughout mixed forest stands.

The sole seed orchard “Mommedeel”, established in 1988 and covering 0.82 ha, suffers from

recent severe dieback of the constituents due to the unsuitable site conditions and to the

abortion of the grafts.

The selection and breeding programme attempts to remedy the discrepancy between supply

and demand by creation of a new generation of clonal seed orchards characterised by (i) a

high yield and (i1) a high genetic quality and diversity of the offspring. Additionally, seed

orchards offer the possibility for intensive management and the advantage of less labour-

intensive harvest.

The adopted research strategy pursues a fourfold aim:

i.  Assessment of the genetic diversity of the basic collection with a view to detecting
identical or closely related accessions.

ii. Identification of the very best clones within the basic collection by assessment of
adaptive traits in half-sib progeny trials

iii. Designing the layout of the seed orchard, i.e. determination of the optimal spatial
arrangement of the clones within the orchard.

iv. Establishment of minimum isolation standards with regard to surrounding natural

populations of wild cherry and cultivated sweet cherries.
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Material and methods

From the early 80’s till the late 90’s, 168 phenotypically superior plus trees of wild cherry
were selected in 27 wild cherry populations covering its entire distribution area in Belgium.
Vegetative copies of these plus trees, obtained by grafting or budding, were planted in seven
experimental comparative plots.

The genetic diversity of this basic collection was assessed by six AFLP markers and 11 highly
informative microsatellite markers with DP values ranging from 0.76 to 0.95 (Clark et al.
2003, Downey et al. 2000, Vaughan et al. 2004). Estimation of the genetic distance D
between individuals was based on the proportion of shared alleles: D =1 - P with P = £,S/2u

where the number of shared alleles S is summed over all loci u.

In 1995, seeds were harvested in seven multiclonal plantations established with vegetative
replica of the selected plus trees. This resulted in the establishment of 13 half-sib progeny
trials covering a total surface of 15.3 ha. Adaptive traits such as vigour (height growth),
morphology (stem straightness, branching habit, apical dominance), phenology (flushing, bud
set, St. Johns sprouts) and disease resistance were assessed. Wild cherry is subject to two
major diseases, viz anthracnosis, a fungal leaf disease caused by Blumeriella jaapii and
bacterial canker caused by Pseudomonas syringae with three distinct pathovars, namely pv
syringae, pv morsprunorum and pv avii. For each trait, the narrow sense heritability h?, as
well as the general combining ability GCA was determined, allowing the construction of a

selection index: I = % (h?A.GCA); with i =1 to n and n = number of traits.

Wild cherry is entomophilous, with bumble bees (Bombus spp.) acting as main pollen vectors.
Bumble bees display a particular foraging behaviour, which leads one to suspect a small-
scaled patch-like pollination pattern within wild cherry populations (Goulson et al. 1998,
Heinrich 1976).

As a test-case, one of the above-mentioned multiclonal plantations was selected, consisting of
65 accessions and surrounded by eight 'natural' wild cherry populations situated at various
distances. In order to unravel the pollen flow, i.e. assessment of internal mating patterns as

well as pollen input from outside the plantation, a parenthood analysis was carried out using
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11 microsatellite markers and the self-incompatibility genotype (DP = 0.98). The objective
was to trace the father tree of 60 half-sibs randomly chosen within the offspring of 16 selected
accessions, using the exclusion method. When determining the mating pattern, the allogamous
nature of wild cherry was taken into account. This trait is governed by a single multi-allelic S
locus with gametophytic action which controls self-incompatibility (SI) and cross-
incompatibility between individuals with the same SI-genotype. The SI-genotype is
determined by concensus and allele-specific PCR (Sonneveld et al. 2001, Sonneveld et al.
2003).

Results and conclusions

Analysis of AFLP and microsatellite markers revealed four groups of identical genotypes. As
wild cherry often regenerates through root suckering, plus trees selected within the same
population are likely to be identical. Consequently, the basic collection was reduced to 152

genetically different accessions with a genetic distance ranging from 0.46 to 0.92.

The selection index I was determined for all accessions. No significant differences of the I-
values were found between the 13 progeny trials. A total of 52 genotypes was finally selected,
showing an I-value higher than the median value and a genetic distance varying between 0.72

and 0.89.

Parenthood analysis of the 960 half-sibs showed that 21 % of the sires was located outside the
plantation. Tracing of external pollen donors revealed that 80 % of the pollen input came
from sires situated within a wild cherry population located at a distance of 400 m from the
plantation studied.

Assessment of the internal pollen flux revealed that 75 % of the sires was located within a
distance of 10 m from the mother tree, i.e. twice the planting distance (Fig. 1). Paternal
contribution was influenced by flowering period and S-(in)compatibility but not by flowering

abundancy. Finally, the parent exclusion probability exceeded 0.99.
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Figure 1. Relation between pollen contribution of sires and their distance from the mother tree

in a multiclonal plantation of wild cherry.

As the paternity analysis revealed a small-scaled patch-like pollination pattern, neighbouring
trees in the new generation seed orchards should be phenologically compatible, i.e. display an
overlapping flowering period as well as gametophytically compatible, i.e. have a different SI-
genotype.

Flowering phenology of the 52 selected genotypes was observed in four plantations in 2002
and 2004 by recording the share of fully opened flowers every 48 hours during the whole
flowering period. When assessing the overlap between the flowering period of two
accessions, it has to be taken into account (i) that fully opened flowers are only receptive for
38 hours and (ii) that the pollen in the pollen bags of bumble bees are viable during 12 hours.
The flowering phenology of an accession was not influenced by its location within the
populations. No significant differences were found between sites and the observations of 2002
and 2004 appeared to be concordant.

Observation of the flowering phenology resulted in a cross-tabulation of the overlap in

flowering period for all possible combinations between the 52 selected accessions. When
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adopting a tresshold value of 25 % for the overlap in flowering period, 66 % of all

combinations appeared to be phenotypically cross-compatible.

The self-incompatibility genotype of the 52 accessions was determined and confirmed by
carrying out controlled crosses. In addition, six 'new' S-alleles, previously unknown in sweet
cherry cultivars, were detected and numbered S;7 to S (De Cuyper et al. 2005). Few of the
genotypes (11 %) appeared to be cross-incompatible.

In view of the establishment of the seed orchard, selected genotypes were propagated
vegetatively by grafting on the dwarfing rootstock “Gisela 5. Furthermore, traditional
pomological techniques are applied to increase fruit production, such as planting in espalier,
use of bird nets and placing of several bumble bee nests. Early and abundant flowering is
induced by adequate pruning, tearing and bending of branches, weed control and root

pruning.
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Abstract

PROSAD is a database programme developed for projecting seed orchards and respective
data management. It is also a useful tool for keeping data about clone archives, stool-beds and
various types of field trials, including provenance plots. The programme provides powerful
database functions for processing data about these objects and also various possibilities to

export and import data into and from other data formats.

Introduction

Programme PROSAD allows managing and processing data on seed orchards and similar
objects. Present product was built by combining previous system for seed orchards projecting
and data keeping programme for seed orchards and plus trees, which were developed in 1992
- 1993 and updated in 1996. The programme is based on a relational database model, which is
able to use free tables and provides a rich data management outfit for creating and managing
tables in a relational database (RDBMS), generation of aggregated tables with help of the
SQL language or creating output reports. It is developed in Microsoft Visual FoxPro 9.0 for

desktop computers as a client — server application with supported web publishing.
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Description of the programme

System requirements

The PROSAD programme has no special hardware demands. It can be installed on a computer
with Intel or AMD processor under operating system MS Windows 2000 or later. CD or DVD
drive and 15 MB free space on hard disk (without user data) are needed for installation.
Satisfactory displaying unit is a display with minimum resolution 800 x 600 and minimum

256 palette colour is satisfactory to show the data.

Data management

A user communicates with the programme through working and dialogue windows by using
built-in operating elements as buttons, options, switches, lists and pull down menus. Each
working window manages a relational database (linked tables). There are several working
windows in the system, which are used form managing data about administrative location,

ownership etc.

Seed orchards database

This working window (Fig. 1) is used for work with the database containing linked tables of
the seed orchard, plus trees (parents) used for establishing the orchard and measures realised
in the seed orchard. Data are split by topics and arranged on separate pages of the working
window.
In the table of the seed orchard there are kept basic data, data about tree species, data about
environmental conditions, geographical and administrative location and ownership of the
orchard:
e code of the basic material, name of the seed orchard, number of clones, area, year of
establishing and cancelling, name of the designer, nursery
e name, botanical name, number and name of the provenance region
e number and name of the forest region, altitude, altitudinal zone, forest vegetation
zone, forest management type, average precipitation, average summer and winter

temperatures, slope angle and exposition, ground
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e locality, forest user unit, forest management unit, owner, user (manager), district,

county, competent forestry office
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Fig. 1 Main working window of seed orchards database.

The table of parent’s trees (plus tress, clones etc.) is linked to the seed orchard table by the
code of the basic material (primary key). There are as well as in the table of seed orchard
presented basic data, data about tree species, environmental characteristics, geographical and
administrative location and ownership of the each registered parent tree completed by its,
quantitative and qualitative description:
e age, diameter (d; 3) and height of the tree,
e straightness, convergence and cleaning of the stem, width, length, density, shape and
symmetry of the crown, position and thickness of the branches etc.
All interventions and actions in the orchard are registered in next linked table. Here are kept
chronological records related directly with management of the seed orchard plot and with the
administrative and organizational issues:
e date of the entry, detailed description of activity, flowering, amount of collected cones
or seeds and costs connected with the particular activity.
e required actions, authority, responsible person.
It is possible to link additional information to the basic database, either in form of free tables
or graphical information in vector or raster formats (Fig. 2). Dates are not saved directly into

main database. Programme PROSAD registers only links to the files, where the data are
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placed. This helps to prevent overloading of the programme and simple updating of these

linked data. To the database are linked:

Plot of seed orchard, which is a table with maximal number of columns and rows,
where is specified the position of each tree. The plot is product of the projecting part
of the programme and has specified structure. It is possible to register archive seed
orchard inventories from past years in several tables, as well as evaluations of the plot
expressed by numerical or character values. In the system only this table is displayed,
which is currently linked (it can be easily changed).

Current inventory list created from the seed orchard plot with names (labels) of
particular clones with concrete numbers of trees situated on the plot. For detailed
statistical processing is possible to create a specific list with identification of each tree
position (column, row and cell on the plot) in projecting part of the PROSAD
programme.

System can complete the documentation by displaying graphical data in vector formats
WMF and EMF (charts of the plot) for projective scheme and other plans with
identification point, line and polygon requirements. For shows of satellite, aerial and
terrestrial pictures is possible use raster formats BMP, DIB, JPG, JPEG, JPE, JFIF,
GIF, TIF, EXIF and PNG. In working window miniature of graphical data are showed

with option of their enlargement (dependent on size and resolution of screen).
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Fig. 2 Different types of information in windows showed from additional files.
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Tools for data tables and files management

In the system are included tools for processing of information on one record level, as well as

for multiple processing data either in one table, or several (virtual linked) tables. Tools for

processing one record are available directly in the working window. They allow:

to display current position in the table,

to move in the table (from the first to the last record) with immediate displaying data,
to move in the table with displaying data, which fulfils specified criteria

to print data into defined reports

to remove records in two steps (to improve safety of this operation) with a possibility
to back-up removed data into an external file,

to sort data according to defined simple or multiple ordering criteria (sorting indices),
to complete automatically dependent data during input and editing, which eliminates
writing mistakes,

to display current position in the table,

to move in the table (from the first to the last record) with immediate displaying data,
to move in the table with displaying data, which fulfils specified criteria

to print data into defined reports

to remove records in two steps (to improve safety of this operation) with a possibility
to back-up removed data into an external file,

to sort data according to defined simple or multiple ordering criteria (sorting indices),
to complete automatically dependent data during input and editing, which eliminates
writing mistakes,

to move a group of data from free tables with help of dialogue windows (e. g.
information about tree species, owners or managers, administrative localisation of the
plot),

auto completing of expressions, when often repeated information is inserted

Multiple data processing tools are available through plug-in modules mediated by dialogue

windows. These modules can be used universally in all working Windows. An advantage is

automatic justification of the environment (opened databases and tables, defined sorting

indices, setting of the system variables etc.). In a such case a programme user do not need to
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justify anything. Some of the various tools for multiple data processing used in the PROSAD

programme are described below.

Browsing records in the tables and records, which are indicated to be deleted

This module is used for browsing data in the tables. It is accessible from the main menu and
also from each working window. When called from the working window the environment will
be automatically set up (opened database or free tables, their structure, sorting and system
variables). Before browsing tables, the user is allowed:

e to select records displayed by defining selection criteria for each column in the table
with help of operators for comparing characters or numbers. User can combine
conditions by conjunction or joining to a maximum extent of 50 simple conditions or
3,600 characters.

e to select displayed columns and their ordering. He can also justify width of the
displayed column and change its position in the table.

e to create more sophisticated filters for data, valid until they are cancelled by user or by
ending the session,

e to set data sorting in the browsed table before or after displaying the table,

e to see the structure of the current used tables, number of records, number of columns,
sorting index, size of the file and date of the last updating,

e to justify the vertical and horizontal size of the displayed table and the size of fonts. It
is possible to display several tables. If a relation between tables was set up before, the

displayed data will follow the rules for the relation.

Exporting and importing records

Export and import are joined in one plug-in module and allow the user to communicate with

other programmes and create data in other data formats. The environment is set up
automatically as well as in the previous module. Main functions and features:

e Export and import are supported in several standard formats dBase, FoxPlus, FoxPro,

VisiCalc, Data Interchange Format, MS Multiplan, System Data Format, Symbolic

Link Format, Lotus 1-2-3, Lotus Symphony, CSV, MS Excel, ASCII text, Framework

a Paradox). All used formats are well documented.
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e Possibility to set up several separators to isolate columns, when the data are exported
into text files.

e Filter is available for selection and sorting exported records.

e The code page, in which the source data were created, can be set up for import.

e [tis possible to export a table ordered by user defined sorting.

Creating tables by SQL language

The module for using SQL language is able to work with all opened databases and free tables.
The environment is automatically set up according to the working window, from which the
module was called. The tool allows creating various temporal tables, which can be
subsequently exported in the above mentioned data formats. Main features:

e Optional column from the open databases or free tables can be chosen for the output.
The columns are clear marked and ordered by their belonging to the tables. It is also
possible to compute the aggregated data values (such as average, number, minimum,
maximum and sum).

e Tables can be linked together by compatible columns. At the some time it is possible
to define other conditions to create views for used columns or also for columns
included in the source tables.

e [t is possible to create associated views (data joined from two or several tables) or
aggregated views (grouped by defined column eventually also by using mathematical

functions).

Printing data

There are several tools available for output data on printer. Data are always printed into
defined output reports, which can be prepared for simple tables or for tables linked by
relations. It is possible to print single or summary values (average, sum, numbers etc.).
Several sections with specific rules for printing data can be defined in an output report. The
saved outputs reports can be modified later. Programme user can directly apply following
tools:
e Module for direct usage of the output reports. The user can choose a report and printer
or to set up parameters for the printing. Single pages can be displayed on screen before

printing them. This module can be called from the each working window.
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e Module for guided creating output reports. The system has three “wizards” for
creating reports: first one for simple outputs, the second for reports from tables linked
by relations and the third one for printing labels.

e There is also a special module to output data in HTML format for publishing on web

sites.

Functions for experts

For processing big databases sometimes the functions are needed, which are not a standard
part of the database programmes. On account of this a module for experts was included into
the PROSAD programme. With help of the module an advanced user can manually open and
close the databases and tables, change their structure, change the system settings and by single
commands carry out many other changes.

Other useful tools are using simple programmes (scripts), where the user can subsequently
write often used commands or creating composite conditions for filtering or getting a view on
data by the SQL language. Users can exchange these conditions and so provide for uniform

data processing, if they work on the same projects or in the same databases.

Projecting seed orchards

This part was developed for projecting of seed orchards (stool-beds, clone archives and
various field trials, including provenance plots). The procedure works with regular
distribution of the single trees on the plot in a rectangular spacing. The projecting tool can be
started from the part of the working window with tools in the particular dialogue window.
Projecting is based on the defined plot and the list of the clones, available for stocking the
plot. Main features of the projecting:

e There can be used an equal or unequal number of trees of the particular clones for
stocking the plot. The programme PROSAD will distribute them in a well balanced
way on the whole plot.

e Maximum number of the columns on the plot is 254, number of the rows is not
limited.

e [t is possible to choose number of the zones (one to three), in which the number of the
current distributed clone will not occur (Fig. 3). Of course, with the growing number

of such zones, there is also higher need to use more equal representation of the clones.
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e In projecting process up to two schematic thinnings can be planned. In several steps
the programme distributes the clones in such a way, which allows keeping on the plot
after each thinning the same ratio of the clones as there was at the beginning. This
procedure will prevent the dropping out any of the clones during schematic thinning.

e PROSAD can stock also irregular plots with eventual free area on it. It is assured by
the generator for stochastic selection of the clones, by rules for uniform distribution of
the clones on the plot, by definition of the zone without repetition of the clone and by
number of the thinnings.

e In the projection process various distribution on the plots can be created and apply the
most suitable of them.

e During the updating of the data, historical inventories of the plot and of the clone list

can be kept.
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1 zone 2 zone 3 zone

@ clone with the created zone
@ zone without presence of monitored clone

zone, where the monitored clone can occure again
Fig. 3 Creating of isolation zones.

Processing data on the plots and processing the lists

This functions packet was included into PROSAD programme with the aim to have tools for
processing data from the field trials and provenance plots. Basis for creating, updating and
processing data is projected and stocked plot of the orchard or field trial. Assuming, that the

plot will be evaluated in the future and the data will be processed in statistical programmes
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PROSAD allows to keep updated copies of the plot table with the inserted character or
numerical data. Advantage of such a way of data keeping is exact identification and
positioning of each single tree on the plot and possibility to compare changes of its traits
(expressed by numerical or character data types) in the subsequent time periods. Following
functions support the data processing on the plots:

e Creating copy of the plot table prepared for inserting values in character or numerical
form. Extent of the character values can reach from one to ten characters, numerical
values can be inserted in interval of one integer and six decimal places to ten integers.

e Conversion of the evaluation table with character or numerical data to a list. In the list
is specified automatically the position of the each particular value (cell, column, row)
and the matching value from the evaluation table. It is possible to add one to five
further columns with numerical or character format to the list, which allows detailed
description of the plot (e.g. year or season of the evaluation, altitude, exposition,
rainfall or other values useful for statistical evaluation).

e Converted lists can be effectively joined to the files suitable for simple or extensive
statistical evaluation. The lists can be joined in horizontal direction (e.g. for
correlation and regression analysis) or in the vertical direction (analysis of variance or
other data comparisons). Joined table can be exported in various formats with help of

tools described in the data management part.

Conclusions

Amount of data regarding basic material of forest reproductive material grows constantly.
There is also a need to process such data to analyse amounts and quality of production in the
changed ecological conditions.

The programme PROSAD is a part of database system for keeping data about basic material,
evaluation of the seed quality, plants grown in the nurseries and about damaging agents in
forests and forest nurseries.

This programme allows easy and effective projecting seed orchards and other similar plots.

It also serves powerful tools for keeping and processing relevant data about these objects and
evaluating their growth, production, quality and other parameters.

Architecture of the data allows to export the kept or processed data to the other computer

systems and also to adapt data from older programmes.
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Abstract

The Scots pine seed orchard Vasterhus is a seed orchard i tthen2l of orchards in
Sweden, but since the clones were sele@tdr progeny testingit is genetically
comparable to the 3rd round of seed orchaltdsontains 28 clonewhich were selected
from clones used in six plus tree seed ards and used in different numbers. The clonal
selections and deployed clor@bportions were worked oy Dag Lindgren and Bengt
Andersson in an attempt to apply advandedigns in an operational orchard. The gain
should then be increased while constravmuld be kept on the genetic variation, a
strategy later named linear depment. In this deploymenthe strategy was that the
clones with the highest breeding values #$thdee represented in higher numbers. In
addition, flowering capacity was consideredotedict gene contribution from each clone
for the clonal deployment. The seed orchamas established 1991. In the summer 2007
16.1% of the grafts were dead and for 0.9%hef grafts, the root stock had replaced the
grafted clone. The gain in breeding value by lihear deployment was initially estimated
to 5.7-6.2% as compared to a compardblpothetical seed orchard with equal clonal
representation. The estimated gain by linegraenent at establishment did not change
much due to loss of grafts. It is assed that in this young seed orchard pollen
contamination from the surrounding standsyrhave a larger and reducing effect on the

genetic gain than loss of graftscathus changed clone proportions.
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Introduction

In the beginning of the Swedish foréste breeding much pgeny-testing was done
by controlled crosses in seedchards, and therefore theowks in the different seed
orchards were tested in difemt sets. Utilizing selectis from such progeny-tested
clones makes Vasterhus to the most advasseed orchard of this age in Sweden. The
areas where Vasterhus according to Plantgride (Hannerz and Ericsson 2007) seem to
be among the best available seed soure@sl more than around 12% better than

optimally transferred stand seeds, are given in Table 1.

For Vasterhus, six sets ofones corresponding to six seetthards constituted the
start material. The seed orchards alahe numbers are given in Table 2.

Table 1. Suitable are Table 2. Seed orchards from which the clones were
for Vasterhus seed selected

orchard crop

Latitud i
atitude  Altitude Seed Tested Available Selected
o orchard Seed orchard
(°N) (m.as.l.) no clones clones clones
61 300-800 412 Domsjoanget 52 42 7
62 50-500 410 Robertsfors 12 10 2
63 0-300 18 Bran 34 27 4
64 0-100 403 Nedansjo 40 32 5
411 Domsjoanget 50 40 7
426 Holm 20 16 3
Total 208 167 28

Clonal deployment

An additional genetic strerfytand novelty at the time astablishment of the seed
orchard is that the number of grafts oé tthifferent clones was gyed on the basis of
the genetic capacity of the clones, i.e. theieeding values. Then, the genetically best
clones were used in higher proportions.eTtlonal selections and deployed clonal
proportions were worked out by Dag Lindgrand Bengt Andersson in an attempt to
apply advanced techniques in an operatimrahard, to increase gain while keeping

constrains on genetic variation. Thechnique was suggesteg Lindgren & Matheson
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(1986), and was later named linear deployminaddition to the breeding value has the
flowering capacity been considered, and stients has also been made to reduce the
risk for inbreeding. Although established in tH8 @und of seed orchards, having clones
selected after progeny testing and furtheemdeployed with the genetically best clones
in higher proportions, Vasterhus shoulddemetically better than the othéf Bound seed

orchards, actually one of the most advaneeeld orchard of this age in Sweden.

When determining the clonalroportions, it was assumed that the average breeding
value in the six clone sets (one set pezdserchard) was equal. To reach this, the
assigned breeding value for each clone waexipected value from a normal distribution
for the rank of the clone within its set. énset with many clones, the top ranked clone
thus get a higher assigned breeding value thartop ranked from a set with few clones.
The aim of this study is to analyze whettiex genetic improvement that was obtained by
the linear deployment remains after 16 yeams,f losses of gafts had reduced the
advantage. Another aim is to make a documt@n of the status of a seed orchard under
development. This is theitial stage of a project whic molecular tools will study the

pollination pattern and contamination in the seed orchard.

Material and methods

The study was performed in the seed orchard Véasterhus (Tab. 3). During June and
August 2007, survival in the seed orchard wexgistered. Occurrence of cases where the
root stock had replaced the graft was alsosteged. Three data sets of number of clones
and clone frequencsewere obtained) the intended number and frequencies of grafts per
clone when designing the seed orchajdhe actual number and frequencies at planting,
andiii) the number and frequencies in Aug607. The second data set differ from the
first due to non-successful grafting, availakilf scions etc, and the third from the
second due to death of grafts or root stagfsacing the graft. Bgomparing the clonal
proportions and assigned breeding values, dh@nge in breeding value of the seed

orchard can be estimated.

Results

Table 4 shows for each clone the number pragbortion of planted grafts, dead grafts
and root stocks replacing eéhgrafts. It also shows géhproportion of grafts for a
hypothetical seed orchard witholimear deployment. Thisomparison is made at the

approximate same effective population size] #ns implies 20 clones in the traditional
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orchard. In the linear deployment orchard, 17 d%he grafts were lost between planting
1991 and August 2007. Either the graft had died (16.1%) or the root stock had replaced
the graft (0.9%). Breeding values in Tablarg expressed as detsn from average of

all 167 clones mentioned in Table 2 in urifsthe standard deviation of the breeding
value among the clones availalftar selection (thus as a fraction of the root of the
additive variance). Table 5 shows ald® breeding value for the hypothetical seed
orchard at the same effective population sizee contribution of the different clones in
terms of their breeding values is illustrated in Fig. 1. In spite of the losses, the relative
breeding value remains similar (1,600 and 1,668pectively). The results indicate that

that the loss of grafts has negligible inflaeron the genetic quality tfie seed orchard.

Table 3.Facts about Vasterhus

IDno: S23FP100T10, T10A
Location: 15 km NV from Ornskoéldsvik, lat. B@'N, long.

18°32°E, alt. 5-25 m.a.s.l.

Establishment year: 1991

Number of clones: 28

Number of planted grafts: 4594 (plus 44 grafts of an

unidentified clonal mixture).

Included clones:  From six seecthards in north central
Sweden (Tab. 2). The clones were
deployed mainly according to linear
deployment, i.e. thelones with highest
ranking in highest number.

Design: Spacing is 7 m between columns and 2.5 m between

rows. Many plots are only partly filled with grafts.

In the comparison between the linear deployment in Vasterhus and the assumed traditional
design in a hypothetical seed orchard that uymkes the same development (mortality etc.),

the linear deployment shows aslvantage. The breeding valoiethe linear deployment seed
orchard is 5.7% higher than an assumediticahl seed orchard, when comparing breeding
values after adjustment for graft mortaliand at the same effective population size
(Ne=19.7) (Tab. 5).
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Table 4. Numbers and proportions of thengs, intended according to linear deploytnahplanting, in August 2007 and for an
assumed seed orchard with equal number of clones perAgsifjned breeding values basedlo® normal distribution (see t@xt

Clonal proportion

ﬁf:é%?ﬁ; Planted Dead Root st_ock Number Clonal proportions (%) in an balanced
Clone grafts grafts replacing of grafts seed orchard seed
value based .
: (no.) (no.)  the graft in August _
on ranking , At August 20 After adjust-
(no.) 2007 Intention :
(std dev) planting 2007 clones ments (see text)
AC1006 2,180 352 82 16 254 7,8 7,66 6,66 5.00 4,27
Y2005 2,161 370 60 0 310 7,7 8,05 8,13 5.00 5,28
Y4016 2,070 321 43 2 276 8,1 6,99 7,24 5.00 4,49
AC3056 1,998 408 69 1 338 7,9 8,88 8,87 5.00 5,64
Y4507 1,776 241 26 0 215 6,1 5,25 5,64 5.00 4,62
Z3007 1,766 242 19 2 221 5,4 5,27 5,80 5.00 5,36
Y3012 1,753 286 56 0 230 5,3 6,23 6,04 5.00 5,69
72081 1,647 240 28 2 210 4,7 5,22 5,51 5.00 5,86
Y3001 1,563 203 38 0 165 4,2 4,42 4,33 5.00 5,15
AC2064 1,542 207 36 1 170 4,1 4,51 4,46 5.00 5,43
Y3014 1,539 218 27 1 190 4,1 4,75 4,99 5.00 6,07
Y2004 1,517 96 32 1 63 4,0 2,09 1,65 5.00 2,06
74003 1,400 130 22 1 107 3,3 2,83 2,81 5.00 4,25
Z3009 1,370 107 16 2 89 3,1 2,33 2,34 5.00 3,76
74022 1,344 143 21 0 122 3,0 3,11 3,20 5.00 5,33
AC1075 1,306 91 27 3 61 2,7 1,98 1,60 5.00 2,96
Y4508 1,285 122 13 2 107 2,6 2,66 2,81 5.00 5,39
AC3040 1,232 143 16 0 127 2,3 3,11 3,33 5.00 7,24
X4203 1,217 79 12 0 67 2,2 1,72 1,76 5.00 3,99
73029 1,203 108 15 2 91 2,2 2,35 2,39 5.00 5,42
AC2047 1,115 77 22 0 55 1,6 1,68 1,44 0 0
AC3033 1,114 68 17 2 49 1,6 1,48 1,29 0 0
74032 1,083 40 5 0 35 0,8 0,87 0,92 0 0
Z4019 1,067 78 14 3 61 1,4 1,70 1,60 0 0
AC4221 1,009 73 8 1 64 1,0 1,59 1,68 0 0
AC3065 1,001 50 4 1 45 1,0 1,09 1,18 0 0
Y4103 0,990 46 5 0 41 0,9 1,00 1,08 0 0
AC3015 0,977 55 7 0 48 0,9 1,20 1,26 0 0
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Breedingvalue contribution (%6)

10

Fig.1 Clonal contributionsto the breeding value of the seed orchard.

a) Intended contribution according to linear deployment and estimated breeding value
b) Directly after planting in 1991

¢) In August 2007, Changes due to dead grafts and grafts replaced by the root stock

kit
0

a)Intended b) At planting ¢) Aug. 2007
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Discussion

Breeding value of the seed orchard

Although clonal differences in mortalignd in root stocklominance (8-33%
and 0-4.5%, respectively) (Tah), there is no decrease genetic quiity in the
seed orchard (Tab. 5) and graft mortality seems thus not correlated with the
breeding value of the clone. Linearpiteyment seems in addition to be a
satisfactory efficient appximation for optimal deployment when considering
occurrences of selfings (Prescher at2@l06), and when thinmg a balanced seed
orchard linear deployment can optimibeth production and getic diversity
(Prescher et al. 2007). Theventage with designing tleeed orchard with linear

deployment is therefore worthwhile.

Table 5. Clonal frequencies, breeding esland effective population sizes for the
five seed orchard alternatives.

Vasterhus seed orchard with Traditional seed
orchard with

linear deployment truncation selection

Intended
according At In August
to linear planting 2007

20 clones in Adjusted due
equal pro- to mortality
portions (%) (%)Y

deployment
Clonal fre-

0.8-8.1 0.9-8.9 0.9-8.9 5.0 2.1-7.2%
quency (%)
Breeding
value (in 1.665 1.600 1.657 1.593 1.568
standard (106.2%) (105.9%) (105.7%) (101.6%) (100%)
deviations¥
Effective
population 19.93 19.75 19.68 20 19.7
size (Ne)

D Adjustments of clonal proportions were made on the basis of registered graft
mortality and root stocks replacing the graft in Vasterhus, i.e. in August 2007.

2 Breeding values are standardized so theameeof the 167 available clones (Table 2) is

set to 0 and their standard deviation for breeding value to 1.
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Contaminating pollen

The quite large loss of grafts from pliuee progenies (17%) may currently be
a larger threat to the genetic quality of the orchard than changed clonal
proportions, due to a larger influence from contaminating pollen from adjacent
stands with unselected native Scots pimesombination with Vasterhus being a
rather young seed orchard. Pollen count006 show however higher pollen
production per graft in Vasteus than in other develom seed orchards of the
same age (Wennstrom, pers. communicgti The pollen production in Vasterhus
2006 has been estimated to the magnitude of 20 kg pollen per hectare, which
traditionally is considered as sufficient to reduce pollen contamination.
Contamination problems may thus be Isssious in Vasterhus. That almost one
percent of the grafts are root-stocks remuthe gain from the seed orchard, in
particular if seeds are harvested from éhigses. That root-stocks may play a role
in the genetic composition of seed orchseéds is an argument to use root-stocks

of a genetic material adapted to similar climate as the seed orchard clones.

Contamination rates have been studied with isozyme techniques on Scots pine
seed orchards. In the studies, they ecibetween years and between clones, but
high values were found: 53-58% (Linggr 1994), 17-39% with differences
between years (Harju &uona 1994), and nearly 70% (Yazdani & Lindgren
1991). Undetected contamination causedh®y occurrence of the same isozyme
pattern in the contaminating pollen as ie 8eed orchard pollen is then included.
Those figures become thus somewhasafe. New molecular techniques will
however be used to study contaminatio/asterhus. Then clonal differences in
contamination rate and spatial differences in contamination within the seed
orchard can be analyzed. The techniqueinaaddition more effectively separate

contaminating pollen from seed orchard pollen.
Conclusions from the present study of Vasterhus

e Grafts which die and root stock whiclhptace the grafts seem to cause rather
small problems for the genetic quality of the seed orchard.

e Linear deployment increases the breeding value by approximately 5-6%
compared to a traditional design witlqual number of grafts from each clone

at the same effective population size.
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COANCESTRY AMONG WIND POLLINATED PROGENIES FROM A PINUS

PINASTER SEED ORCHARD IN A PROGENY TRIAL .
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Introduction

Maritime pine (Pinus pinaster Ait.) is an important comnieial species in southwest
Europe. In PortugalP. pinaster is one of the most imporéa native species, covering 1
Mha. It is the only source of long fibre for pulp and paper and the main source for solid
sawn timber industries. A tree improvemerdrphas been developed since the early 80s
with the aim of increasing volume andest form. A genetic improvement program
management implies the knowledge of the genmrameters, of the way these parameters
affect the genetic gainspd how the progenitorgsansmit to the progeny the traits under
improvement. The knowledge of the coefici of coancestry is a requirement for
estimating variance components and other genetic parameters for any quantitative trait. In
populations where plus trees are typicalliested, pedigrees aresually unknown, and it

is assumed that all plus trees are geniticmrelated, as it was in the Portuguélaus
pinaster improvement program. In forest treesyidéions from this assumption lead to
greater inbreeding and loss of geneticngdihus, knowing the value of the coancestry
coefficient among parents and within thg@rogeny can be useful to improve the
heritability estimation (additives. non additive variance) and ttecide how to select the
trees within the families in a combined selection schérhe aim of this work is to
estimate a mean value of the coancestry coefficient of the families present in a progeny
trial originated from seed collected in a clonal seed orchard, and in what way this affects

heritability estimations.
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Material and Methods

To accomplish this objective 125 offspring frarsub sample of six families from a
progeny test planted at Mata do Escaroupimewamalyzed. Seeds for the progeny test
were originated by open pollination of 46 ptuses maintained at Escaroupim Clonal Seed
Orchard. Total genomic DNA was isolatébm needles following Doyle and Doyle
(1990) protocol, with some modification€ffsrping were genotyped for five highly
polymorphic microsatellite markers: two cldplast microsatelliteloci (Pt87268 and
Pt1254) and three nuclear micradbtes (Iltph4516, Ctg275 and Ctg4363). The
amplification conditions for the different molecular markers are described in Robledo-
Arnuncioet al. (2004) (cpSSRs), Gonzalez-Martingzl. (2002) (Itph4516)and Chagné
et al. (2004) (Ctg275 and Ctg4363)Estimates of correlated mating within families were
obtained following Hardt al. (2004) by using the freely available software SPAGeDi 1.2
(Hardy & Vekemans 2002). Narrow senseritability was estimated using ASREML
(Gilmour et al. 1998).

Results and Discussion
The percentage of full-sibs slightly diffet@among families, being 4% the average value
within the families studied (Table 1) presents estimates of correlated mating (i.e.
percentage of full-sibs) within families. The mean value of the genetic covariance
coefficient of the families present inighprogeny trial was then of 0.26. Adjusted
heritabilities for different percentages of fslbs found in an open-gdislated progeny trial
are represented in Figure 1. Differences betwtbe unadjusted and adjusted heritability
values were more pronounced in total he({@w0 and 0.38, respectively) than in diameter
(0.90 and 0.89, respectively), but thegl dot imply severe bias (<5%).

We can conclude that inRinus pinaster open-pollinated trial the associated error in
heritability estimates due to the inclusion fofl-sibs, when assuming a coefficient of

relation amongst open pollinated sibs of %, is low.
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Table 1: Marker-based estimates of correlated mating

Fam NUSSR CpPSSR Mean
50 0.0284 0.0614 0.0449
14 0.0282  -0.0319 -0.0018
32 0.0072 0.0840 0.0456

59 0.0416 0.0513 0.0464
15 -0.0032 0.1507 0.0737
General mean 0.0418

Figure 1: Adjusted heritability for different peentages of full-sibs found in an open-
pollinated progeny trial
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Contribution of seed orchards to timber harvest

in the short-run and in the long-run

Peichen Gony and Ola Rosvdll

Summary: Seed orchards contribute to increasinge$d growth through the production of
genetically superior seeds. It is obvious that, othgs the same, thedrease in forest growth

will lead to greater timber harvests in the long-rWhen future forests grofaster than existing

ones, it may be profitable to harvest and regeneratexisting forest a few years earlier than in

the case when there is no difference in grobitween the future and the existing forests.
Therefore, access to mgtically improved regeneration matds could also motivate a forest
owner to harvest more in the short-run. By how much timber harvest would increase in each time
period depends on, among other things, the current and future timber prices. It should be noted
that normally seed orchards are establisheguah scales that sufficient amount of seeds are
produced to meet the regeneration needs witge regions. When a large number of forest
owners increase their harvests simultaneouslyptioe of timber would inevitably be affected.

In order to assess the contributminseed orchards to timber hariygme has to take into account

the impact of changing harvdstel on the price of timber.

This study investigated the potaitcontribution of seed orchards to timber harvest in Sweden by
comparing the optimal harvest volumes overetimith and without access to genetically
improved seeds from seed orchards. A timberketamodel was developed to determine the
market equilibrium price and supply of timbever time. The model builds on an exogenous
timber demand function, which is assumed tacbestant over time. The supply curve in each
period was determined usingranagerial decision model whioiptimizes the harvest volume of
individual forest owners conditnal on a given time series of ter price. Market equilibrium
timber price and supply inaeh year during &00-year time horizon were determined by
maximizing the present value of social surpldee (um of forest owners’ profits and consumer

surplus).

1 Department of Forest Economics, Swedish @rsity of Agricultural Sciences, SE-901 83 Ume3,
Sweden. Emailpeichen.gong@sekon.slu.se
? Skogforsk, Box 3SE-918 21, Savar, Sweddamail: ola.rosvall@skogforsk.se
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Figure 1. The percentage increase in timber harvest resulted from the increase i
Future forest growth.
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The analysis was conducted wdh iso-elasticrad a linear demand fution, respectively. The
two demand functions are comparable in theseethat they give éhsame price (314 SEK#n
and have the same price elastici§.¢) at a harvest level of 80 million’rtwhich is roughly the
current harvest level in Sweden). The total $bi@ea covered in the analysis was 20 million ha
(which includes all forests undéhe age of 120 years), dividedo two soil productivity classes
of approximately equal size. Tlage-class distributions of therésts were determined based on
data from national forest inventory. Two levels future forest growth improvement, resulted
from the use of seeds produced in seed orcharde evaluated. Specifically, it was assumed
that future forests grow 20% or 40% fasgereasured in terms of the maximum mean annual
increment) than the existing ones. A real indemate of 3% was used throughout the analysis.
Other important assumptions underlying the analygikide: a) the growtleffect of genetically
improved seeds is known with certainty, b) seeds from seed orchards are available from now on
and will be used in all future forest regeneradicend c) forest ownersbjective is to maximize

the profit of timber production.

The results show that the access to geneticaljyroved seeds has relatively small effects on
timber harvest in the short-run. Duogi the first 60 years (th&s, before foresbwners can start to
harvest the new forests), the increase in timberdsaig about 10% of the potential increment in
future forest growth. The impact on timber harvest increases over time (see Figure 1). In the
long-run (i.e. when the harvest effect stabilizeés® increase in harvest is determined by the
increase in future forest growth. For exampfethe new forests grow 20% faster than the

existing ones, timber harvest would ire long-run rise by approximately 20%.

The price of timber becomes lower when genetically improved seeds are used in regeneration
than in the case when such seeds are red.USince the demand function is by assumption
constant over time, the decrease in timber pndaced by large scale dpmgations of genetically
improved seeds becomes larger as time goes-(gaee 2). With the iso-elastic demand function,

the average timber price during the 200-year thoazon decreased by 18% if future forests
grow 20% faster. A 40% improvement in futureest growth would leatb a 30% decrease of

the average timber price. With a linear demamction the effect of improvement in future

forest growth on timber price @naller, but still significant.
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Figure 2. The percentage decrease in timber price induced by the increase in future
forest growth.
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In short, an important consequence of widespmgaalication of genetidly improved seeds in
forest regenerations is that more timber willgpeduced and traded at lower prices. Results from
the current analysis show that forest owhersfits will drop by 5% if genetically improved
seeds lead to a 20% increase in future foresivir. With a 40% increase in of future forest
growth the profits ofimber production would deease by about 10%. Timbbased industry, on

the other hand, would benefit corsidbly from the use of genetically improved seeds in forest
regenerations, which makes it possible for the itigius buy more timber at lower prices. The
social surplus would increase by 15 billion SEKufure forests grow 20% faster, and by about

30 billion SEK if the increase in future forest growth is 40%. This result indicates that advances

in tree improvements can genersignificant benefits to society.

It should be emphasized that this study ignosederal issues which are of importance when
assessing the consequences of tree improventards.the analysis didot pay any attention to
the non-timber benefits associated with the farestcept that about 3 million ha of the existing
old forests were saved fromrkasting. The effect of the non-tivar benefits orthe harvest
decision may be different when genetically impigeeds are used in future regenerations than
when such seeds are not used. Thus, expliciisianh of the non-timber benefits in the analysis
may lead to different results about the impaatt applying geneticallimproved seeds on timber
harvest and price. A second issue is uncertaintiethe growth effect of and the potential
ecological risks associated with the use of geaky improved seeds. With consideration of
such uncertainties and risks, genetically impeeeds may not be used in all future forest
regenerations. To what extent genetically improved seeds will be used depends on the expected
growth improvement and the degree of uncertesntand risks involved, asell as on forest
owners attitudes towards such uncentges and risks. A third issus the continuous progress in
tree improvement. A fourth issue is the possiibicrease in future timber demand which may
occur as a consequence of increasing forestthrdwogress in tree pnovements not only lead

to faster growing forests, but may also stimeilaicreasingly higher demand for timber. Increase
in future timber demand would in turn affebie price and supply of timber. Further analyses
need to be conducted in order to quantify itin@acts of these factors on the effects of using

genetically improved seeds on frguimber harvest and price.
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SKOGFORSK

Mats Hannerz, Tore Ericsson 5 October 2007

Planter's guide - a decision support system for the
choice of reforestation material

Mats Hanner2’ and Tore Ericssofi

Skogforsk (the Forestry Rearch Institute of Sweden)
Y Uppsala Science Park, SE-751 83 Uppsala, Sweden
% Box 3, 918 21 Savar, Sweden

A new web-based tool will help the forest owners and nursery managers to select
reforestation material for the right planting site. The new programme "Planter's guide"
will replace the existing "Val av skogsodlingsmaterial’. The motives for the

replacement, and the content of the tool will be shortly described here.

Reforestation material is big businessSweden. In 2006, 332 million seedlings were sold
from Swedish nurseries. Sixpercent were Norway spruce, and 35 % were Scots pine. A
smaller part of the produced and sold seedlingse lodgepole pine diroadleaves. Of the
spruce seedlings, 49 % originattdm seed orchards. Corresponding figure for pine was 78

%. The remaining part originated from unimproved stand seed.

The choice of genetic origin of the seedlings has important implications for the growth in the
forest. An inoptimal choice can easily make fbeest owner loose tear more percent in

total yield over a rotation. A choice of seedlinggh inappropriate hardiness can also lead to

a total failure of the regeneration.

It is a delicate task to find the most suitable material for the right site. There are some typical
questions which has to be ansegtin the practical forestry: Which reforestation material is
recommended for my particular site, and why? ffossess a certain seed lot, or origin of
seedlings, where should it be planted? How kaalance the risk of poor hardiness with
growth potential, considering the trade-off between hardiness and growth in northern

Sweden?
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These questions can be tridkyanswer only from the litenaite, since recommendations vary
along latitudinal and altitudimeclines. The web-based toagln however give immediate
answers, not only of which material to chodsat, also of the expeetl growth potential and

survival.

From Val av tall to Planter's guide

The first prototype of the tool dates batk the mid 1990's, when Bengt Andersson
constructed "Val av tall i norra Sverige" h@ce of pine for norther Sweden), an Excel-
programme. The programme became publiclylalke on the web in 2000, and was extended

and improved in the following years (Erioss 2001). The construction and maintenance of

the programme has been in the hands of Tore Ericsson, but since 2003, no major revisions of

the programme were made until transtruction of the new interface in 2007.

= Tall (Pinus sylvestris) - Windows Internet Explorer E| =
O Val av tall for skogsplantering Byt hadsiag
EKW‘]H“ Wersion I00390-02  Copyright @ Skogiorsk 2001-7003 Sioty 4 Eigdan Tk zkes Ul sbarsad an
Hidlp och infonmishcn
PLANTERING SLOKAL: breddgrad ("M} 64 +~ Swverige-karta om wed- och wirkeskvalitet

hajd ever havet {m) EEN +~ - ; B o

o e rikplantage Anldr Lat Firfl. arl. H100 Index
TEMPERATURSUMBMA [dygn-"C): beriknad =30 127 Klocke 0 B66 36 B3 213 110
i " justering | 0 b 1 Skahalma B3 863 23 B2 5 1N
(51 Bantand oo frbplantager jusharad Bor T4 Mosden i sl 32 82 28 120
i Encast froplartagas 407 Hostlax 56 680 20 81 246 10
TE Palbergs 3% 658 18 B2 218 123
T2 ANtk 12 656 -15 B3 2168 122
Bestind Lat. Forfl- Ovarl. M08 Index 55 piiparger 5i 655 15 81 216 120
Spdtarfytiat 680 -0 = » & T1 ANk i 054 14 82 2183 @3
675 3% T7 Stitihalmen gE 54 14 T4 218 118
670 -30 B4 201 108 W yacujge e g52 42 T8 218 118
B85 -25 Bl 204 140 4 Sxatan & 652 12 78 218 118
650 -Z0 81 206 110 408 Bognandsl o 651 11 7T 220 118
855 -5 T8 208 110 W40 Gegeg 648 08 78 221 16
650 -10 TP 20 08 440 Robesdsdors > 843 D3 T3 22 112
645 05 T4 21 106 18 Brdn 51 842 02 71 222 111
Samema breddgrad 60 00 L A ] TO LAngnas 642 02 T§ ZET7 122
teardfo e 635 1] B3 213 B 1 412 Domsjaanget E B2 D2 T W2 411
. B30 10 B M3 85 I 18D ip M1 01 TE 212 123
402 Adnén 1 638 01 8 223 107
T10 Wasierhus 11 B35 D6 65 ZI1 WED
Do % Local inranet: o0 v

Figure 1. The interface of the old version "Val av skogsodlingsmaterial”

The new programme "Planter's guide” has usedetitire content and t@astructures of the
former "Val av skogsodlingsmaterial”, but mdenctions have beeadded and the interface

is completely renewed.

There are at least three major reasons forctmestruction of the newersion: 1) The old

programme was difficult to update and editeTgrogramme was constructed as a continuous
Javascript code, and important seed orchatd das embedded in strings. Revisions of the
content was very dependent on the programoresteuctor, and we foresee more frequent

updates in the near future, since many seed orchards are taken into production.
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2) The development of the web and the compahvironment has increased the demands for
standardized format of programmes like this, in order to facilitate for programme makers,
editors and IT administrators. The new paogris based on the dotNET platform, and is
uniform with other calcula&n tools on Skogforsk's web.

3) There was a demand to improve the usalilitthe programme. It vgaoriginally made to
suit the needs of seed managers, and worked veryfevethat specialized target group.
However, there is a demand for access to tharrdton from other users, such as forest
owners or forest servants passible for silvicultve. During our workshopwith users, we
have also learnt that there is a need fonaae user-friendly version also among the expert

users.

So what is the programme doing? Simply ekpdd, it uses response functions of height
growth and survival to photoped and temperature sum ¢8vall et al.,, 1998). Since the
photoperiod and temperature sum are functiontatiude and altitude, these are easy to
estimate if we know the coordinates of théorestation site. The functions are based on 40
years of research on how growth and hardimesdfected by provenance transfer. The gains
of seed orchard material is calated with respect to basic genetic gain, clonal origin, seed
orchard location, pollen contamination and sibecgains. The programme presents an index
for each material, which compares the ovepatiduction with that of a local, unimproved

provenance. An index of 110 isus a 10 % gain over a rotation.

The programme

Let’s look at the programme. It is part"&funskap Direkt", a wb-based knowledge system
in silviculture, targtedto forest owners and their aduisgHannerz et al., 2005). The main
programme (Plantval) is presedti®n Swedish, but there is alam English version (Planter's

guide) with some restrictions.

The first step is to select species (Scots piweway spruce, lodgepole pine or birch). This is

a delicate task in itself, bubt cvered by the programme.
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Planter's guide - bela

Blartar's guids iv 8 "ssmistranslated” version of the deceion suppart syatemn Plentval, simesd st
darmangtrating the cantart and caloulation princigles of the programme. [F thare o s demand far
it the trenaleban will be complated. Plassa cantsct the sdits

F i Bl Planter's guide 3 @ decizion support system for choice of
reforestation material (seed orchand or provenance) in Sweden. You sebect
trew spackes and indicete positicn of the reganeration se, The systam
ranas the avallable materals with respect to predicted yield at the site
.r The caloulateons consider grosth potential and expacted surviwal

Watch tha film + Woadlend veddings: adbs

Salech Lrea spocias

L Nosvay sprues
'._. Lodgepale aine

i Silver bargh

.| =2

Figure 2: The first step in Plant®gduide is to selt tree species.

Let us assume that the aim is to plant Scate.pThe next step is to identify the coordinates

of the reforestation site. We V& learnt from our workshopsd test groups that this task
needs to be simplified. Many forest ownersmid know their coordinates, for example their
latitude. Therefore, we use a simple map fiam; where a click in t map gives sufficient
information both about the latitude and the altitude. These, and the derived temperature sum,
are thereafter possible to adjusbre in detail. The temperature sum can naturally vary
depending on the specific conditions of a siteer€fore, it might be suitable to reduce the

temperature sum for e.g. harsh north slopesaease it for warmrsouthwestern slopes.
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Planter's guide - Scots pine

A decizsion support system for zalection of Scats pine regeneration material. Read meore about the
Programima.

Indicate position of the regeneration site: Click in the map or select latitude and altitude below.
Use the zoom alternatives If necessary.

Mallersta Svarige W

Latitude
&4 L
Altitude {m)
250 W

Figure 3: The second step is to find the coordimaf the reforestation site, which is done by
clicking the map. The map includes datmse with altitude information.

Once the coordinates are fixed, are given the results. The fingew presents seed orchards
in descending order with respect to index. Sunviszalso given in this view. The index is the
product of height growth and isival. Thus, it is undestood that a high-index-material with
low survival has a high growth potential, and vice versa.

A click on the button shows us a view wittarstl seed, i.e. unimproved provenances. This
gives us a chance to compare the seed orditerhatives with transferred stand seed. The
local provenance has an index of 100, by rdefin. In the example case, index will be

increased by transfer from more northern laitst The reason is that survival is higher for
those provenances. The index from southtransfgnagenances is still far below those of the
best seed orchards.
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Planter's guide - Scots pine =

A decision support system for selection of Scots pine ragenaratiocn material. Read more about the
programimea.,

Adjust the values If needed and press CALCULATE for a new calculabion

Regenaration site: |atitude (*N)} |64 &
Altitude {m) | 250 &
Temperature sum (daydegrees *C): calculated |230
Adjustrment |0 e

Adjusted |930

[_roregSende ][ Tillbaks 2 ]| ]
(e sven sestbnaae]) [ Avancarst ]
| Mo. Seed orchard Index Owerl. Select i
TE Dal 122 77 ]
T1 Abvike 120 B3 O
i T2 Alvik 119 85 O
TS piibarget 119 B4 0
1 401 Hortlax 116 83 O
T4 . foliden 116 83 £l
TE pilberget 116 B3 [l
1 Skahalma 116 g3 0
T7 siittholman 118 81 0
4 116 20 |
125 viga 116 -] |
123 115 g4 ]
406 . 115 80 £l
10 Gskteg 114 78 1

Figure 4. The results are first given in a denpiew with seed orchards ranked by index.
Survival is also presented in this mode. &icking the buttons, it isalso possible to see
results of transferred provenances, or a mdraced view with more detailed information

about the orchards.

There is also an advanced view with more linfation, such as age tife seed orchard, yield

translated to site index, amad indicator if seed orchadiis old enough to produce seed.

In the simple view, it is also possible to open up more information about each seed orchard.
Information presented here is a map of mowended use, technical information about the
orchard, and data about who owns the orch@ilt owner is thus an indicator to where

seedlings can be purchased.
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7 Kamkap Drpke - &) Hortl - Windoes inierres Expiorer

O e e EUHEEAR DIREKT me b =

ANl Farflaw

Figure 5. Separate windows shows informatonrecommended area for planting, technical

information, and information about ownership of the seed orchards.

In the simple mode, it is also possible dlick the checkboxes of the materials we are
particularly interested in. In a format familigr many shopping sites,dbe seed orchards are

compared in a new window.

The tool that is present on teeb now is a beta version, whiavill be tested and revised
during the autumn 2007. We also plan to add nfionetions, such as a simple "translator” to
yield in cubic metres, and a visualization of #ffects of transfer witlmespect to growth and

survival.

The address to the toolwsvw.kunskapdirekt.se/plantersquide
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Abstract

For several decades management of most economically important forest tree species has faced
problems of natural regeneration, repair planting on partially naturally regenerated areas and
afforestation of open sites. Over these decades, the periodicity of seed crops has not been
regular, which has limited natural regeneration and artificial planting. In order to increase
genetic quality and reduce seed crop irregularity, it was decided to establish clonal seed
orchards. Pedunculate oak (Quercus robur L.) and narrow leaf ash (Fraxinus angustifolia
Vahl) are two of the most important and the most valuable forest tree species. Three clonal
seed orchards of pedunculate oak were established between 1996 and 2001 in three seed
regions (total area from 15 to 26 ha). The grafts were formed by the oval spindle training
system and with spacing 10 x 8 m. The clonal seed orchard of narrow leaf ash was established
in 2005 in the area of 3.5 ha. The grafts were planted with 4 x 4 m spacing and formed by the
spindle pyramid training system. The clonal seed orchard of wild cherry was established in
2001 in the area of 2 ha and it contains 27 clones. Grafts were planted with 6 x 3 m spacing
and formed by the spindle bush training system. The orchard is further supplemented by new
grafts. In one of the earlier experimental clonal seed orchards of pedunculate oak root cutting
was used to produce higher yield. All clonal seed orchards have been regularly maintained by

pruning and other agrotechnical treatments.

Background

Highly disturbed natural balance of forest stands and lack of their regular natural
regeneration have called for special measures in seed and nursery production in Croatia with
application of expert forest knowledge about restoration, preservation and enhancement of

forest resources.
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In the last decades management of most economically important forest tree species has
faced problems of natural regeneration, repair planting on partially naturally regenerated areas
and afforestation of open sites. There is no regular periodicity of seed crops in stands and the
time period between mast yield years is prolonged. The seed is collected from natural and
seed stands as well as seed orchards (clonal seed orchards).

Even though the Croatian forests are supposed to be naturally regenerated it cannot be
fully conducted. The most common reason is lack of yield in those stands that should be
naturally reforested. The seed amount of important forest tree species required in a year is
higher than its yearly production. To reduce or annul this negative difference between the
required and the collected seed and to organize the production of genetically improved seed

clonal seed orchards were established.

Seed stands and clonal seed orchards in Croatia

The total area of 17 612 ha (Table 1), managed by Hrvatske Sume limited liability company,
has been selected as registered seed stands in the category of special purpose forests. Their
main purpose is the production of seed needed for the production of seedlings and stands
underseeding. The seed yield of every species produced in seed stands is not always sufficient
for the underseeding of stands (as a way of enhancement of natural regeneration) or for open
sites afforestation. Only in a year of mast crop there is sufficient productivity on the above
stated area of seed stands. However, the yield periodicity for almost all tree species is
between two and five years or even more. The clonal seed orchards were establish to reduce
the lack of seed in the years when there is either no crop or low and insufficient seed crop

(Table 2).
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Table 1 Seed stands in Croatia

Species Type Total area
No. (ha)
Conifers
Abies alba PSS/ISS 14 418
Larix decidua PSS 1 15
Picea abies PSS 13 280
Pinus brutia PSS 3 21
Pinus halepensis PSS/ISS 5 185
Pinus nigra PSS/ISS 15 302
Pinus nigra ssp. dalmatica PSS 1 57
Pinus nigra ssp. laricio PSS 2 29
Pinus pinaster PSS 4 50
Pinus pinea PSS/ISS 3 9
Pinus sylvestris PSS 5 69
Taxodium distichum PSS 1 1
Total PSS/ISS 76 1436
Social Broadleaved species
Fagus sylvatica PSS/ISS 25 1 603
Quercusilex PSS 3 85
Quercus petraea PSS/ISS 35 2 044
Quer cus pubescens PSS/ISS 3 129
Quercus robur PSS/ISS 106 10 094
Quercusrobur var. tardissima PSS 5 99
Total PSS/ISS 180 14 054
Noble Hardwoods species
Acer pseudoplatanus PSS 1 22
Alnus glutinosa PSS/ISS 4 50
Carpinus betulus PSS/ISS 4 132
Castanea sativa PSS 1 23
Fraxinus angustifolia PSS/ISS 25 1 603
Fraxinus excelsior PSS 1 22
Juglans nigra PSS/ISS 3 56
Tilia tomentosa PSS 2 42
Tilia platyphyllos PSS 3 172
Ulmus minor PSS 3 GS
Total 47 2122
Subtotal 303 17 612

PSS = registered seed stands
ISS = selected seed stands
GS = group of trees
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To supplement natural regeneration of forest stands every year certain amounts of
forest tree seed should be ensured. The need for the seed of important large seed producing
broadleaved trees such as pedunculate oak, sessile oak, narrow leaf ash, beech tree, etc. is
evident not only because of their yield periodicity but also because their seed cannot be
stored. For example, on average around 900 tonnes of pedunculate oak and 170 tones of
sessile oak is harvested in a year.

It is especially important to provide enough forest seed necessary for the nurseries
managed by Hrvatske sume that lately have to grow and deliver large amounts of forest
seedlings. Seed production in seed orchards should provide better solutions for regular yield
of high quality and genetically improved seed as production of forest seedlings in nurseries

(an average year production is between 18 and 26 million seedlings).

Table 2: Clonal seed orchards in Croatia

No. of Total area No. of
Species orchards (ha) clones
Pinus sylvestris 2 3,00 30
Pinus nigra 2 1,50 41
Larix europea 2 2,50 28
Quercus robur 4 47,00 150
Tilia cordata 1 0,72 13
Alnus glutinosa 2 1,70 61
Fraxinus angustifolia 1 3,50 56
Prunus avium 1 3,00 26
Total 15 62,92

First clonal seed orchards in Croatia were established a few decades ago. Those orchards had
scientific purpose and were used for practical training (Kajba et al 2006). They were
experimental seed orchards on small areas mostly of coniferous and only few of broadleaved
species. Newer clonal seed orchards were established on more productive sites in larger areas
(from 15 ha up to 26 ha) in the period between 1996 and 2006 (pedunculate oak, narrow leaf
ash, wild cherry). The establishment of clonal seed orchards of late flushing pedunculate oak
(Quercus robur var. tardissima) and sessile oak (Quercus petraea) is in process. Three clonal
seed orchards of pedunculate oak have been established in three provenance regions: “Central

Sava river®, established in 1996 in the area of 15 ha including 40 clones, “Upper Sava river*
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established in 2000 in the area of 26 ha including 53 clones and a “Lower Posavina“
established in 2001 in the area of 25 ha including 57 clones. The clonal seed orchard of
narrow leaf ash was established in 2005 in the area of 3.5 ha and it includes 56 clones. The
grafts were planted with 4 x 4 m spacing.

The clonal seed orchard of wild cherry was established in 2001 in the area of 3 ha. The
orchard includes 27 clones with 517 grafts and it is further supplemented by new grafts.

Along with the above stated clonal seed orchards of pedunculate oak and narrow leaf ash the
progeny trials of selected plus trees were established to test their genetic quality (Bogdan et al

2004).

Training shapes and forms

The purpose of successful fruit techniques is maintaining the balance between the vegetative
and generative activity. These techniques are also being applied on forest tree grafts in clonal
seed orchards.

The forming pruning is used to bring the grafts into the required training shape whereas
pruning for higher yield maintains the adequate balance between the growth and the seed
production.

Tree pruning and training started right after the planting with a goal to gain desired canopy
shape with well-deployed scaffold branches in the next 7 or 8 years.

Grafts were reduced to the desired canopy height. Some of the branches were pruned for
inducing further branching from the side buds.

The main function of pruning is the removal of competing shoots to enforce the growth of
remaining desired ones. Pruning intensity, i.e. the relation between vegetative and generative
buds in the canopy determines the tree’s condition, density and yield. The balance between
vegetative and generative buds can only be achieved by appropriate underground and
aboveground tree parts pruning.

Knowing the production morphology of each tree species is very important (oak, ash and
cherry). For instance, oak- the fruit called acorn are on long stem of terminal buds on one-
year branches. Ash flowers in dense clusters inflorescences. Cherry fruits on one-year

branches of various length, long shoots or short bearing branches.
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Characteristics of training systems

Training systems should produce a strong framework and good light penetration in canopy.

Different training system is applied to each tree species.

Pedunculate oak- oval spindle training system (Figure 1).

The spacing is 10 X 8 m. The total height of the training shape is up to 7 m with six scaffold
whorls (figures of trunk height and branch angle within every scaffold whorl): 0.90 m/45°,
1.30m/30°, 1.20m/25°, 1.00m/20°, 1.00m/10°.

Narrow leaf ash— spindle pyramid training system (Figure 2).

The spacing is 4 X 4 m. The total height of training shape and form is 4.00 m with five
scaffold whorls (the trunk height and branch angle: 1.20m/45°, 1.00m/60°, 0.90m/70°,
0.50m/80°, 0.40m/90°).

Wild cherry — spindle bush training system.

This training system ensures a strong framework and a good light penetration. The spacing is
6 x 3 m. The trunk height is 90 cm and the central leader ends with the upright terminal shoot.
There are four to eight lateral skeleton branches spirally shaped 20 to 40 centimetres apart in
height. The unneccesery shoots that are competing with scaffolds are cut off. Skeleton shoots

are spirally spreaded out around the central leader and are two times thiner than the leader.
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Fig. 1 Pedunculate oak (Quercus robur) — oval spindle training system
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Fig. 2 Narrow leaf ash (Fraxinus angustifolia) — spindle pyramid training system
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In the vegetative growing season of the second year shoots should be headed at the height of
25 cm to increase the yield.

On grown scaffold shoots only the best lateral branches are left whereas all the rest branches
in the scaffold are cut off. In the third year there is a selection of branches in a scaffold and
side shoots are cut down to 25 cm. When trees are older and have been shaped and formed the

only method used is that of heading to thin and clean the canopy.

Root cutting

The first experimental clonal seed orchard of pedunculate oak was established in
1991. It consisted of 36 clones in the area of 1.00 ha. The spacing in that orchard was 6 X 6 m,
which was too close and it was increased to 10 x 8 m in newly established production
orchards (situated in the area of 14 to 26 ha). There were some clones that started blooming in
the first and the second year upon planting.

Practical training and experience in training systems and pruning methods affecting
the yield were gained in this experimental seed orchard. It also served as a mother plantation
for grafts and as a site where flowering phenophases and various methods for soil treatment
and protection were studied.

Root cutting in one line in the orchard was done on 13 May, 2006 on fifteen years old
trees. The roots were cut at 120 cm from the grafts trunk and to a depth of 90 to 100 cm.

Root cutting can annul the negative effect of yields to flower buds differentiation and
can also increase yield efficiency. Root cutting for some fruit-trees proved to be efficient
method for the shortening of vegetative growth, but for some trees it had a negative effect on
yield size and harvest. It has also been established that the effect of root cutting done once a
year is not the same every year.

Root cutting increases the activity of cytokinin thus annulling a negative effect of giberelin.
Knowledge gained so far shows that root cutting or other methods of limiting vegetative

growth can affect fruit and higher yield and can increase the canopy of vigorous tree species.
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Mixing of seed crops from different years is an effective management
strategy for enhancing effective population size in Eucalyptus

seedling seed orchard crops
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Abstracts:

Seed orchard trees contribute more equallyhto seed crop if the seed crops from
consecutive years are mixed. Fertility vadatamong trees and effective population size
were estimated for two successive years in four seedling seed orchards (eight-nine year old)
of Eucalyptus camaldulensis and E. tereticornis established in twadistinctly different
locations, a dry (Pudukkottai in Tamil nadu) amdnoist (Panampally in Kerala state), in
southern India. Fertility variation #sated as the sibling coefficien?), was high ' = 5-13)
in the orchards and varied betwegvo successive years except in ecamaldulensis
orchard ¢ = 2 & 3) established on the moist site.xiMg of seed crops from two successive
years reduced the fertility variation consalely. The relative effective population size
increased in all orchards by 31 — 48% arel\thriance effective population size by 36-55%.
Since the relative contribution trees varies between years the composition of the seed crops
vary and gene diversity of theed mix would be equal to or more than that of the best crop.
Diversity of seed from orchards of the samigjiarat different locations could vary since the
fertility of families vary between locations but mixing of seed would affect the performance at

either site as the seed from an orchatokist suited to a similar site.

Key words: gene diversity, fertility variatiorf. camaldulensis, E. tereticornis, genetic drift
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Introduction:

India is one of the largest planters of eucalypts in the world with around 8 million
hectares of planted area (FA@000). Industrial plantations @&ucalyptus are now a major
resource for production of high quality wood puh India. The demand for quality planting
stock of eucalyptus has increased several folds in recent years. First generation seedling seed
orchards were established with selections fratural provenances, to supply quality seed as
per a breeding program f@k camaldulensis andE. tereticornis in southern India (Dorasar
al., 1996).

Seed orchard crops represent a generafiorew recombinants and genetic variation
is transmitted from one generation to another. Actually seed orchards are the “link between
breeding programs and reforestation through tHeedg of consistentabundant yields of
genetically improved seed” (Kang, 2001). Seedhards are expected to produce vigorous
high yielding plantations because they pdavioffspring from mating between carefully
selected superior trees. Modern seed orchaadagement research is the “science, business
and art of managing and conserving genetsoueces for continued economic, social and
environmental benefit” (Kang, 2001). Genegain can be manipulated through orchard
management alternatives (e.g. selective seedesia genetic thinning), while ensuring that
reasonable gene diversity is maintained. Theetuirstudy pertains to thanalysis of diversity
and management strategies in fgeheration unpedigreed orchardsatalyptus in different

locations based on fertility observationsdador two consecutive years.

Materials and Methods:

Two unpedigreed seedling seed orchards ea¢h a@imaldulensis andE. tereticornis
located in a moist site, Panampally (Keratate) and an arid location, Pudukkottai, (Tamil
Nadu) in southern India weread for the study. Edaphic antineatic details of the orchard
sites are presented in Table 1. The seedlimgl s#chards were eslgshed in 1996 using
bulked seed from more than 500 selected wéeteven and sixteen natural provenances of
camaldulensis and E. tereticornis respectively, as a short-term strategy for meeting the
immediate seed requirement. The same seed lot bulks were used for establishing the seed
orchards at both the locationster initial establifment at 3 x 1.5 m spag the stands were

subjected to two thinngs by four years of age to ackgea final spacing of about 5 m
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between trees at the time thie study (Hegde and Varghese, 2002). Growth evaluation and
thinning are usually completdd eucalyptus orchardsy fourth year, when the orchard is
normally ready for operationaked production (Meskimen andafcis, 1990). Fertility of

the trees was assessed at eight and nins péage using the methodology of quantifying the

flowers and fruits produced by each tree (Varghkegé, 2002).

Since the seed used for establishing tlaadtoriginated from a wide base of more
than 500 parent trees from wildatural stands, the orcharceés were considered to be
unrelated and non-inbred. &18ibling coefficient ), Group coancestryd), Status number
(N,), Relative population sizeNf), Variance effective population siz&V,(’) and Gene
Diversity (GD) were estimated based on the fecundity estimates made in different stands
(Kang and Lindgren, 1999; Lindgn and Mullin, 1998; Lindgree al., 1996).-

Constrained seed collection and mixing of seeds

Two management strategies were consitlenamely constrained seed collection and
mixing of seed crops from two consecutive ydareeduce the impact of fertility variation on
diversity of seed cropConstrained seed collection (s¢iee harvest) waslone by collecting
equal number of fruits from each parent genotype (Kang., 2003; Kang and Lindgren,
1999; Bila, 2000; Varghese al., 2006).

Results:

Mixing of seeds from two consecutive harvestdped to enhance the overall fertility
and diversity parameters in the seed crop than that of either harvests. Generally this
management strategy resulted in enhanced valustgatus number, lagive population size,

variance effective populationz& and gene diversity inlahe four orchards.

The E. camaldulensis orchard in the moist site had comparatively lower sibling
coefficient and group coancestry than the pbtbechards since this orchard had greater
proportion of flowering trees. Mixing of seedde to further reduce the sibling coefficient
to 2.21 from the first and second year valok&.24 and 3.19 (Table 2) thereby enhancing the
status number and gene diversity in the o@dh@he relative contrildion of trees increased
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from 31% to 45% and the variance in effee population size also éneased substantially
from 83 to 150 in the orchardAt the same site, thE. fereticornis orchard had very low
proportion of fertile trees resuly in high sibling coefficien{11&13), high group coancestry
(0.3) and low relative population size (0.08).xig of two seed crops helped to reduce the
sibling coefficient by 44% and relative poptite size by 57%. The variance effective

population size increased from 15 to 24.

At the arid site (Pudukkottaipoth species had more lesss similar flowering trend
with almost twice the proportion dértile trees in the seconegr compared to the first year.
Since there was almost three times more stodkitgpth species, in the arid site compared to
the moist site, the status number and group caanycef the orchards were on par with those
of the moist site. Mixing of seeds further hedpto reduce the siblingpefficient by 36% and
enhance the status number by 56%.ieamaldulensis. In E. tereticornis orchard in the same
site, the sibling coefficient was reduced by 50% and status number by 95%. The relative
contribution of trees almost doubled and the group coancestry decreased by 50% when

successive seed crops were mixed.

When seed crops of two years wasxed the cumulative contribution k.
camaldulensis orchards increased (Fig. 1a, b) intbatoist (by 19 %) and arid sites (by 12
%). InE. tereticornis the cumulative contribution increased by 32 % in the moist site and by
7% increase in arid site wheeed crops were mixed (Fig., It). Constrained seed collection
would substantially reduce the sibling coefficiemd enhance the status number in all the
orchards. The gene diversity and relative poputasize would also increase in the orchards

with this strategy.

Discussion:

Selective harvest and genetic thinniagd a combination of both are orchard
management options that can be used toeas® genetic gain while maintaining genetic
diversity in seed orchardtindgren and El-Kassaby, 198Bpndesson and Lindgren, 1993).
The practice of selective harvest improves oné/dbnetic contribution cfeed parents, while
both seed and pollen parents are improved gahetic thinning. When fertility variation is

very high in orchards, genetihinning should be done only aftéertility evaluation of the
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trees. Constrained seed collection is very effecin reducing the fertility variation but is

often not very feasible when laguantities of s are required.

Mixing seed crops from different harvesis an easy option vith does not require
much technical inputs for implementation. Seechard trees contribute more equally to the
seed crop if the seed crops from consecuras are mixed. This strategy would be very
effective in species where the treb®w alternate bearing tendency (Varghese!., 2007).
Since the relative contribution trees varies between years the composition of the seed crops
vary and gene diversity of theed mix would be equal to or more than that of the best crop.
This strategy will be very beneficial in dontieating a newly introduced exotic species as in
the case oOfE. tereticornis in tropical humid regions (Varghese al., 2002). A similar
observation was made by Karg al. (2005) in seed orchards &fnus thunbergii where
fertility variation for the combined seed cropss lower than that observed for any single
year, implying that the genetic diversity of sewdps could increase if seeds collected from
different years are poole@iversity of seed from orchards of the same origin at different
locations could vary since the fertility of famsierary between locations as seen in the case
of E. tereticornis orchards in the current study. Mixings¥ed from different orchards would
however affect the performanceather site as the seed from an orchard is best suited to a

similar site.
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Table 1. Location, edaphic and climatic details dEucalyptus camaldulensis and

E. tereticornis seedliing seed orchards

Location Panampally Pudukkottai
Latitude 10°52' N 10°53' N
Longitude 76°46' E 78°49' E
Annual Rainfall (mm) 1400 650
Altitude (m) 400 180
Solil type Clay loam Red Sandy Loam
Annual Temp(°C) range 22-39 21-42
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Table 2. Fertility status and the impact ofmanagement strateges on fertility

variation,

effective & variance effecte population size and gee diversity in four

seedling seed orchards of eucalyptus

Species E. camaldulensis E. tereticornis
Location Panampally Pudukkottai Panampally Pudukkottai
Years 1 2 1 2 1 2 1 2
Varying fertility
No. of i
182 182 525 525 192 192 505 50pb
trees (N)
Fertile 731 824 259 446 234 151 283 505
trees (%)
Average
DBH (cm) 15.43 - 12.57 - 14.3 - 12.47 -
Fruits/tree 3939 5114 1195 764 328 227 1674 978
gt 2.24 3.19 6.72 5.43 13.39 11.70 8.47 5.2
Ns? 81.08 56.99 78.18 96.59 14.34 1641 59.6 96.74
&’ 0.006 0.009 0.006 0.005 0.035 0.030 0.008 0.p05
GD* 0.994 0.991 0.994 0.995 0.965 0.970 0.992 0.995
Ni° 0.445 0.313 0.149 0.184 0.075 0.085 0.118 0.192
Ne® 146.46 83.02 91.79  117.83 15420 17.47 67.49 11B8.94
Constrained seed collection
P! 1.59 1.71 457 3.04 6.55 7.89 4.77 2.79
Ns® 114.65 106.54 114.78 172.62 29.33 24.33 105.94 180.98
&’ 0.004 0.005 0.004 0.003 0.017 0.021 0.005 0.p03
GD* 0.996 0.995 0.996 0.997 0.983 0.979 0.995 0.997
N¥’ 0.630 0.585 0.219 0.329 0.153 0.127 0.210 0.858
Ne(v)6 309.79 256.95 146.89 257.17 34.62 27.86 134.06 242.07
Mixing of two years seeds
Pt 2.21 4.27 8.99 4.38
Ns? 82.449 122.991 21.348 115.392
&’ 0.006 0.004 0.023 0.004
GD* 0.994 0.996 0.977 0.996
Ni° 0.453 0.234 0.111 0.228
Ne® 150.735 160.619 24.018 149.568

1 - Sibling coefficient, 2 - Status numb8r; Group coancestry, 4 — Gene Diversity, 5 -

Relative effective population size &ariance effective population size
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Figure 1. Cumulative fertility contribution (varying, constrained seed collection and
mixing of seeds) in seedling seed oralds at different locations (1 a-d)
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Figurelc. E. tereticornis - Pudukkottai
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Management of Seed Orchards considering Gaand Diversity and how itis Applied in Korea

Kyu-Suk Kang (kangks@foa.go.kr) and Chang-Soo Kim
Korea Forest Research Institute, 44-3 Omokcheon, 441-350, Suwon, Republic of Korea

Genetic gain and diversityxpressed by status number, of seed crops from a Korean seed
orchard were estimated considering saébect fertility and pollen contamination, and
compared for different management alterregi(selective harvesgenetic thinning, and
combination). Management variables includbd proportion of clones left after selective
harvest and/or genetic thinning. The impactgemetic gain and diversity of seed crops was
quantified as a function of the quity and quality of gene floirom outside the seed orchard.

Selective seed harvest, genetic thinnisg% and 75%) and comiation of both options
increased genetic gain over the initial aahcondition. The increase was, however, coupled
with a decrease in status number. Genetia gas highest and diversity (status number)
lowest in the alternative witli5% thinning intensity under bogfene migration scenarios.

Pollen contamination affected both ggBoegain and diversity. With no pollen
contamination, all alternativeshowed higher genetic va&ubut lower status number,
compared to the scenario with pollen contation. Before thinning (selective harvest), a
gene migration rate of 15% increased tlaust number by 22.2%, batter genetic thinning,
regardless of intensity, the same level of gene migration raised the status number by 27.8%.

Relative gain from orchard management edrivith the proportion of selected and/or
thinned clones. The increase in genetic value was not linear relative to the proportion of
selected and/or thinned clones in selectiagvest and genetic thinning options. Genetic
thinning gave greater gain than selective harvest at the same intensity, but this was

accompanied by a greater loss of status number.

—> This study was supported by S .U and TREEBREEDEX, a working model network of tree
improvement for competitive, multifunctional and sustainable European forestry.
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Gene Conservation Through Seed Orchards — A Case Study Of Prunus spinosa L.

Jorg R.G. Kleinschmit*, Ludger Leinemann**, Bernhard Hosius!

* Northwest German Forest Research Institute, Department of Forest Genetic Resources,
Germany; ** Department of Forest Genetics and Forest Tree Breeding of the University of

Gottingen; 1 ISOGEN, Géttingen, Germany;

Contact: joerg.kleinschmit@nw-fva.de; Prof.-Oelkers Str. 6, 34346 Hann. Miinden, Germany

Summary

In Germany plantations of indigenous shrub species with regionally harvested propagation
material become more and more important to compensate for the encroachment of natural
habitats. The use of such material is based on the expectation of its high adaptedness and
vitality. The urban sprawl and land use make it difficult to identify populations which
correspond to such expectations. For some species gene flow between populations and
hybridization with cultivars blur potential patterns of adaptation. Results of systematic
provenance trials are missing for indigenous shrub species. Thus the use of regional material
is a strategy to safeguard against unintentional change of potential patterns of adaptation.
To contribute to this discussion we analysed 13 natural stands, two conservation seedling seed
orchards and two seed lots of Prunus spinosa L. using isozyme gene markers.
This paper studies the following questions:

1. Are naturally occurring populations of P. spinosa L. genetically differentiated?
Is there any evidence for a link between genetics and spatial proximity?
Do the existing seed orchards of P. spinosa L. represent their source populations?

Are imported seed from southeast Europe (Hungary) significantly differentiated?

ok »n

Do genetics support the hypothesis of naturally arisen source populations?

The natural stands are genetically differentiated. Evidence exists for a link between genetic
differentiation and spatial proximity. The genotypes of the seed orchards represent the gene
pool of the natural stands well. Minor genetic differentiation exists between the German study
material and the seed lot from Hungary. Cluster analysis supports the hypothesis of naturally

arisen source populations.
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Introduction

According to considerations of nature conservation plantations of indigenous shrub species
with regionally harvested propagation material become more and more important to
compensate for the encroachment of natural habitats in Germany. Over 150 million trees and
shrubs are produced annually in German nurseries for plantations in urban areas and the open
landscape. On top of this amount a considerable quantity of propagation material is imported
from other countries for the same purpose. There exist no legal regulations on harvest and
procurement of these species. Especially widely distributed species like blackthorn (Prunus
spinosa L.) have a considerable economic relevance. But the costs for harvesting seed
especially from shrub species are much higher in Western Europe than in other countries.
Thus 50 to 80% of the plant material is imported from low income countries (Spethmann
1995, 2003). During the last years a debate arose concerning this practice. Two partially
conflicting objectives have to be reached: avoiding risks for nature and landscape by planting
potentially maladapted material and allowing economically interesting production of woody

plant species.

For indigenous shrub species results of systematic provenance trials are missing. Nevertheless
first exploratory studies show some disadvantage of material which has been transferred over
wide geographic distances (Liesebach et al. 2007). In terms of nature conservation the use of
regional material is supposed to be a strategy to safeguard against unintentional change of
potential patterns of adaptation. Thus the federal Ministry of Food, Agriculture and Consumer
Protection published recommendations for provenance regions for shrub and minor tree
species (BMVEL 2003). The use of local material is based on the expectation of its high
adaptedness and vitality (McKay et al. 2005). Unfortunately the urban sprawl and land use
make it difficult to identify populations which correspond to such expectations. The human as
“migration factor” might alter naturally occurring adaptation processes. For some species
gene flow between populations and hybridization with cultivars blur potential patterns of

adaptation and might even have the potential to endanger species (Allendorf et al. 2001).

Seed orchards of shrub species were established during the last decade to overcome the
shortage of reproductive material originating from local populations and to allow an
economically interesting seed production. Within the process of conservation of forest genetic
resources populations of indigenous tree and shrub species were identified, which according
to historical records evolved without artificial introduction of plant material (Paul et al. 2000).

These populations should be separated from artificially planted material of the same species.
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A sample of those populations was used as source population to set up conservation seed
orchards for different shrub species. This paper describes the example of a blackthorn (Prunus

spinosa L.) seedling seed orchard.

Example of blackthorn (Prunus spinosa L.)

Black thorn (Prunus spinosa L.) is a character species of hedges along forest edges and tracks
as well as on open farm land (Scholz and Scholz 1995). The phenotypic appearance of P.
spinosa L. is quite variable. The species is widely planted in the open landscape. The
taxonomic status and possible hybridization with Prunus domestica ssp. Insititia is discussed
in Hegi 1995. The species is tetraploid (4n=32). Blackthorn propagates vegetatively through
root suckers in nature. As an allotetraploide species P. spinosa is supposed to be self fertile
(Hanelt, 1997). Experimentally Guitdn et al. (1993) could not support this hypothesis.
Population genetic studies have been carried out by Leinemann et al. 2002 and Schmitt

(2003).

Two seedling seed orchards have been established with 15 seedlings of each source
population in the year 2000. One seed orchard is supposed to represents natural populations of
the lowlands in the north of Lower Saxony the other those of the hilly region in the south.
Even though some degree of spatial isolation to neighboring populations of the same species

was sought gene flow from outside cannot be excluded.
In the light of the above mentioned concerns the following questions have to be answered:

Are naturally occurring populations of P. spinosa L. genetically differentiated?
Is there any evidence for a link between genetics and spatial proximity?
Do the existing seed orchards of P. spinosa L. represent their source populations?

Are imported seed from southeast Europe (Hungary) significantly differentiated?

A S e

Do genetics support the hypothesis of naturally arisen source populations?

Material

In total we analyzed 17 different objects consisting of 13 natural stands which are the source
populations of the northern P. spinosa L. seedling seed orchard (SPL-HSF), two seed
orchards and two seed lots, one originating from the northern seed orchard, the second

coming from Hungary. Buds were harvested in autumn 2006 and seeds were obtained from
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one private enterprise and the tree seed center of the Lower Saxony State Forest. As a rule 70
samples per source population were analyzed (except DAN-ST: 36 and NIE-96: 26), 80
samples of each seed lot and 100 of the southern and over 300 of the northern seed orchard,

respectively. Figure 1 shows the locations of the different source populations and the seed

orchards.
Source populations abbreviation
e | Danndorf DAN-AK
\ @ Danndorf DAN-ST
% o . Gohrde GDE-BL
Harsefeld HSF-HE
| ® e Neuenburg NEU-109
Supaizary & h Neuenburg NEU-137
: o ® Neuenburg NEU-UP
L Lo @ Nienburg NIE-67
) S L Nienburg NIE-96
5 3 \ Rotenburg ROT-AL
b ! Rotenburg ROT-DI
e Wolfenbiittel WOL-HO
b Wolfenbdittel WOL-KA
\ h Seed orchards
~ Grohnde SPL-GR
Harsefeld SPL-HSF
figure 1: Map of Lower Saxony, Germany with the Seed lots
location of source populations (red dots) and seed Harsefeld S-HSF
orchards (green romboids) Hungary S-UNGA

Methods

Five polymorphic enzyme systems, representing seven gene loci were analyzed (table 1). The
methods for isoenzyme analysis of blackthorn are described in Leinemann (2000), Leinemann
and Bergman (2000) and Leinemann et al. (2002). Data analysis was carried out using the
program Tetraploide, Version 1 (Decarli and Leinemann 2003). The dendrogram illustrating
the genetic distances between populations is based on the software NTSYS, Version 2.01,

Applied Biostatistics. The enzyme systems and their E.C. numbers are described in table 1.
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table 1: Analyzed enzyme systems, zones and number of observed alleles

Enzyme system gene loci  number of alleles
Alcohol-Dehydrogenase Adh-A 4
E.C. 1.1.1.1

Malat-Dehydrogenase Mdh-A 4
E.C.1.1.1.37 Mdh-B 3
Isocitrat-Dehydrogenase Idh-A 3
E.C.1.1.1.42

6-Phosphogluconat-Dehydrogenase 6-Pgdh-A 5
E.C.1.1.1.44 6-Pgdh-B 3
Phosphoglucose-Isomerase Pgi-B 5
E.C.5.3.1.9

Results

Genetic variation within samples

Three to five alleles were observed at each enzyme locus. The seed orchard Harsefeld
comprises all the alleles, which were found in the source population, with the exception of
three rare alleles: Adh-A3 was found only in GDE-BL, 6Pgdh-B1 was found only in WOL-
HO and WOL-Ka and Pgi-B5 was found only in NEU-109.

The seed orchard Harsefeld has the allelic multiplicity of 23. The average over all studied
objects is 17.9. The seed orchards show the highest degree of variation within the studied

objects (figure 2) followed by the seedlot originating from Harsefeld. Thus the seed orchards

Genepool Multiplicity
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figure 1: Genepool multiplicity
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represent artificial populations, which comprise more variation than the natural populations.
This variation is represented in the produced seed as well. Multiplicity is influenced by
sample size. In small samples there exists the chance of losing rare alleles. This might be the
explanation for the values of 12 and 15 of the populations represented by small samples
(DAN-ST: 36 and NIE-96). Nevertheless HSF-HE was represented by the same amount as
GDE-BL for example but the first has low multiplicity of 12, the later one of 21 respectively.

The allelic diversity as measure takes the frequencies of alleles into account. The average
diversity is v = 1.24. Least diverse are the sample DAN-ST with v = 1.10 and the seed lot
from Hungary (S-UNGA) v = 1.16. The sample NIE-67 has the highest diversity v = 1.38.

The sampling in the source populations was done along a line. The changes of multilocus
genotypes along these lines were analyzed. The maximum estimated extent of a clone is 72
meters (average 20 meters). This is an indication for naturally arisen populations as compared
to plantations, where we expect different multi locus genotypes next to each other. The later

situation is given in the two seed orchards.

No association exists between the number of multi locus genotypes per source population and
its size. Thus small populations potentially harbor high amounts of genetic variation as well

as big populations.

PGI-B
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figure 2: Allelic frequencies at enzyme gene locus PGI-B
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Genetic differentiation between samples

The average genetic distance (Gregorius 1974) of the gene pool is dop=0.16. This is an
extraordinarily high value for isoenzymes. The biggest allelic distance between the source

populations was found for PGI-B (dg nie-96 Neu-137=0.54) (see as well figure 3).

The neighbor joining dendrogram of average pair wise genetic distances (figure 4) shows an
association between genetic and spatial proximity for some of the source populations
(Wolfenbiittel and Neuenburg). The two seed orchards are grouped together joined on the

next level by the seed lot from the seed orchard Harsefeld.

g S
Wb,
SPL-GR |

SPLHS
S-HSF

NEU-109
S-UMGA,

GLDE-BL
HSF-HE |
DIAR- AR
MELU-LP

MNIE-B7 I

ROT-DI

ROT-AL
MIE-96

§ i [ 1
.00 5.0 200 10,00
Coefficient

figure 3: phylogenetic (neighbourjoining) tree based on pair wise genetic distances
between source populations

The subpopulation differentiation D; (figure 5) extends the concept of genetic distances
between two to multiple samples. According to Gregorius (1984) and Gregorius and Roberds
(1986) D ; measures the genetic distance between a sample and its complement (the average of
all other samples). The sample with the lowest value of D; represents best all the rest of the
samples. Samples with high values of D; might represent special genetic information linked to

genetic processes like adaptive differentiation.
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Genepool Differentiation
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figure 4: subpopulaition differentiation of the genepool; the gray column represents the
average differentitation

The mean differentiation D; = 0.065 (gray bar). The population NEU-137 shows the biggest
differentiation from all other populations as compared to the seed orchard Harsefeld (SPL-
HSF) with the lowest value of differentiation. The later is especially representative for the rest
of all samples. The seed lot of Hungary (S-UNGA) does not show a remarkable

differentiation.

Discussion

Prunus spinosa L. shows a high degree of genetic variation based on isoenzyme gene
markers. Seeds from 13 natural stands are represented in the seed orchard Harsefeld (SPL-
HSF). The natural stands are genetically differentiated. There is now evidence for strong gene
flow into the natural stands. Otherwise we would have found new allelic variants in the seed

orchard.

Setting up a seedling seed orchard (SPL-HSF) to represent the variation within the natural
populations was successful. The comparison between the genetic structures of the seed
orchard Harsefeld (SPL-HSF) and the seed orchard Grohnde (SPL-GR) gives no evidence for
the assumption of genetic differentiation between lowland’s and hilly region’s populations at

the isoenzyme level. But physiological studies point out the possibility of such adaptive
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differentiation (see Liesebach et al. 2007). Therefore it can be seen as a strategy to safeguard
against unintentional change of potential patterns of adaptation to keep two separate seed
orchards for the lowlands and the hilly region as long as no results of studies of adaptive traits

are available.

Evidence exists for a link between genetic differentiation and spatial proximity. Thus an
adaptive significance of the observed genetic differentiation cannot be excluded. The use of
different types of markers is discussed in Holderegger et al. (2006). The authors advocate for

a combination of adaptive and neutral marker types.

The genotypes of the seed orchards represent the gene pool of the natural stands well. Minor
genetic differentiation exists between the German study material and the seed lot from
Hungary. The seed lot of Hungary (S-UNGA) is less genetically diverse than the seed lot (S-
HSF) originating from the seed orchard Harsefeld.

The size of clonal structures within the stands supports the historical records that these
populations were in place for already long time. The source populations probably existed
before the period when intensive planting of shrub species began in the open landscape. The
cluster analysis of the natural stands according to their genetic distances supports the
hypothesis of naturally arisen source populations. Genetic markers represent a useful tool to
analyze the different types of reproductive strategies (vegetative vs. generative propagation)

of blackthorn.

For future seed procurement the seed orchards represent the chance to harvest seeds
economically while safeguarding genetic variability. Genetic analysis of potential source
populations prior to the establishment of seed orchards would allow to optimize the genetic

variability and representativeness of the seed orchard material (e.g. Hosius et al. 2000).
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Abstract

In Poland usually a seedling seed orchards are established as a objects combining production
of improved seeds with genetic testing. The aim of this paper is description of the typical
approach applied on SSO and discussing the advantages and disadvantages that kind of
management. As example was chosen Scots pine seedlings seed orchard in forest district
Olesnica, planted in 1993 year. The trees were planted 5 m x 5 m in random, single tree plot
distribution in four block replication. Area of the plantation was 5.06 ha, the number of
families were 65 and seedlings 1680. After 12 year of growth for all trees diameter at breast
height (DBH) and height were measured. Also for each trees quality features were assessed:
stem straightness, crown width, branch diameter. The ANOVA and estimation of variance
components for the measured and assessed traits were performed also family and single tree
index values were calculated. There are considerable differences among families. Range
between the worst and the best families comes from 15% up to the 45% depending on the
traits. Basing on family and tree index value genetic thinning was planned. The description
on thinning is presented on fig. 1 and 2. As a result of thinning the effective family size
decreased from 64.96 to 57.16. After thinning the mean traits values increased about 1%.
The presented way of SSO management is applied in wide scale into the forestry practice in
Poland. The conception of using of SSO as testing plots isn't new. It was being raised already
in many publications but so far it only in Poland found wider applying. The special software -
connected with Database of Forest Reproductive Material were created to help with
calculations and planning of the thinning. Of course using this method requires the
compromise between the testing and production requirements. Presented example supports
management of seedling seed orchards also as the testing plots. This approach would result

into continuous genetic progress of SSO before they reach biological phase of cone harvest.

Keywords:

Seedling seed orchards, genetic testing, index selection
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Introduction

The typical method of producing genetically improved seed in operational quantities is
to using the seed orchard approaches. The are many definitions for seed orchard. One is
formulated by Eeilberg and Soegaard (1975): "A seed orchard is a plantation of selected
clones or progenies which is isolated or managed to avoid or reduce pollination from outside
sources, and managed to produce frequent, abundant, and easily harvested crops of seed".
Seed orchards are not always solely for genetic improvement of specific characteristics but
can be used for conservation of genetic resources and also testing of forest reproductive
material. There are many kinds of seed orchards, but they typical fit into one of two groups.
Vegetative established by (grafts, cuttings, tissue culture or other methods). The other group
is called a seedling seed orchard. These are established by planting seedlings followed by
later roughing that will remove the poorest trees, generally leaving the best trees of the best
families for seed production.

In the past there has been much discussion about the best types of seed orchards to
use. Discussion was so animated during the early 1960s that a special issue of Silvae Genetica
was published (Toda, 1964). The special issue contained articles on the for and against of the
two types of orchards. Since then; many articles have been published that champion one of
the two types of orchards. Scots pine seedling seed orchard are widespread in Poland. The
simple fact is that Seedling Seed Orchard (SSO) area is 699 ha, about 35% of the all orchard
(Matras 2007). It is influences by many factors and the reasons not to be discussed in that
paper. Some of the most important is that we in Poland pay big attention to conserve forest
genetic biodiversity. SSO are similar to forest seed stands especially when families are
coming from one region. Another reason is technical, it consist in incompatibility between
scion and stock, in that case if severe problems are encountered with the health of vegetative
propagated orchards, then seedling orchards are better alternative. The last main important
reason is connection between seed orchard program and genetic testing and breeding. In
Poland usually a seedling seed orchards are established as a objects combining production of
improved seeds with genetic testing.

The aim of this paper is description of the typical approach applied on SSO in Poland

and discussing the advantages and disadvantages that kind of management.

Methods of SSO establishment in Poland.
The first SSO was established in 1967. From the beginning until 1989 the spacing for

all species was 3 m x 3m. In 1990 y. several SSO was panted using spacing 4 x 4 m. From
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1990 until nowadays SSO are planting in initial spacing 5 m x 5 m. At the beginning
systematic thinning are planed and proportionally to the number of tress in family seedlings
are randomly distributed to consider this. Area of SSO typically are divided for several blocks
where all genotypes are represented. The experimental design is single tree plot. Trees are
distributed in that way to assure obtain the maximal possible distance between the same
genotype. The planting materials are open pollinated half sib progenies of plus trees. In single
SSO the families originated from one seed region. The minimal number of families is 40 for
Scots pine and Norway spruce and 30 for other species. The number of trees per family is
usually bigger than 20. Very important is choosing the appropriate localization to reduce
pollen contamination. When SSOs reaches the stage where it becomes to dense (generally
after 8-10 years after planting), the first genetic thinning are planned after prior
measurements. Until that time no crown forming were applied. For the all trees the DBH and
the height are measured as well as quality traits (stem straightness, crown wide, branch
diameter) are visually scored. The method is described in State Forest technical bulletin

(Zarzadzenie 7a).

Seed production on SSO in Poland.

All seed orchards in Poland are belong to the State Forest. And that fact influenced
methods of rather extensive managements. There are no official information concerning seed
production but it can be estimated from cones collection data. Information are available on the
scale on whole country as the report “LPIO-5" the output from information system of the
Polish State Forest (personal communication with U. Zabrocka, specialist from General
Directorate of State Forest GDLP). Concerning Scots pine cones collection during last 5
years only 1% of collected cones comes from SSO, 9% comes from seed orchards, 80% from
so called economic seed stand and 10 % from selected seed stands. The statistic is different

for another species. For example 40% of European larch seeds comes from seed orchard.

Example application of family testing using SSO (real example).

The Scots pine (Pinus sylvestris L.) seedlings seed orchard is located in forest district
Olesnica. Open-pollinated progenies (half-sibs) were planted in 1993 year, which in this paper
are referred to as families. While the mothers are plus trees, fathers are not known but it is
assumed that they are from nearby stands. Each mother tree is assigned a number to identify
the family. Identification numbers of families are related to numbers used in national register

of plus trees. The trees were planted 5 m x 5 m in random, single tree plot distribution in four
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block replication. Area of the plantation is 5.06 ha, the number of families were 65, and
seedlings 1680. Family no 3566 was a least numerous represented by 23 trees but most

families were represented by 26 trees. Effective family was is 64.96.

Methods.

After 12 year of growth for all trees diameter at breast height (DBH) and height were
measured. Also for each trees quality features were assessed: stem straightness, crown width,
branch diameter.

The ANOVA and estimation of variance components for the measured and assessed traits

were performed according to the following model:

Yi= p o+ Fi+ Ej
Y7, - total mean
F; - random effect of family 1
Eij  -random effect of tree j in family i (random error)

Variance components for the family and the residuals were estimated using S-plus statistical

software. Heritabilities for families and for single trees were calculated and indexes.

o; - Variance component for residual
o - Variance component for family
Vo =0 +0; - phenotypic variance

Uz . .
Vp=—t+o; ~ family variance

n

2

0 =0t (CE+o})=(4-B)/ 4 = family heritability
n
hg =40 oy +0p) =40, 1V, - single tree heritability
=2 1202 - within family heritability (Falconer, Mackay 1996)
Y- k2025
2 2 o .
Wf =h.d E +..+h;d E, - family index value (Giertych and Maka 1994)
where
hl, - family heritability for trait number 1

selection differential for family and trait number 1 for

family
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d.=(xr-X)V,
Xr - mean value of trait x for family (arithmetic average)
} - total mean for trait x

V. - family variance

economical value for trait no. 1 (arbitrarily chosen as

presented in Table 1)

Index value for a tree was calculated using a combined selection of the genetic value of its

family and the genetic value of the tree within its family where taken into account:

w,=w o+ w, - Genotypic value of the tree

were:

W =h*d E +.. +h>d E - genetic index value of a tree within its family
t— Twl¥ w1 e wk " wk 'k

d . - selection differential for trait £
Wi

d, =(x-x,)/ \/Z - selection differential

V=05 05 /n - within family variance (Falconer, Mackay 1996)

X - trait value

Group coancestry (®) for the half-sib population was calculated as, Fedorkov et al. (2005) :
o 0.5> n,+0.125) n,(n, - 1)
n)

Status number (Ns) is an effective number defined by Lindgren et al. (1996) as half the

inverse of the group coancestry:
_05
S C)

Effective family number N, is equivalent to Robertson’s (1961) definition of effective

N

population size which is widely applied to populations with a family structure (Wei 1995).
N,=n"/ an
where: n denotes the number of trees on the area and n; the number of trees in particular

families.
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Results

There are considerable differences among families. Range between the worst and the
best families comes from 15% up to the 45% depending on the traits. The best families in
terms of DBH and the height are at the same time a little bit worse with quality features,
especially for a crown width and the branch diameter. Seed orchard was established in
homogenous area and therefore 10% of the total variability can bye explained by the family
structure. Heritabilites of analysed traits are big (tab. 1). Biggest heritability value have DBH
(0.63), and the smallest heritability have branch diameter (0.31). Simple selection index was
calculated and it is presented on fig. 1. Basing on family and single tree index values cutting
was planned removing 7 worst families in terms of index value. At the same time all trees in
the seven best families marked on of fig 1 were kept on the orchard. On fig. 2 it is illustrating
how the cuts were planed on the part of block 1. Tees selected to cut were marked with the
red colour, trees marked with green colour were protected even if they planed to be removed
in systematic thinning. In order to assure better conditions for the development of crowns and
the production of cones additionally the schematic thinning was planed. As a result of
thinning the effective size of families on the plantation decreased from 64.96 to 57.16 and
status number from 232.6 to 199. After thinning the traits values increased only about 1%.
Average height of trees increased from 6.15 m to the 6. 19 m it is 0.6% of the mean before

thinning, and DBH increased for 1.3 % from 14.2 cm to 14.4 cm.

Table 1. Variance and heritability of measured traits.

Trait E Variance F Heritability (standard error)
weights explained
by family Family Individual
[70]
DBH 2,5 8,8 2,63*%* 0,63 (+0.10) 0,24 (£0.11)
Height 2,0 7,0 2,01*%* 0,50 (x0.08) 0,15 (£0.05)
Stem 1,0 7,6 2,22%* 0,55 (+0.20) 0,18 (£0.05)
straightness
Crown size 1,0 7,4 2,13%* 0,54 (£0.22) 0,17 (£0.05)
Branch diameter 1,0 5,3 1,45 0,31 (£0.15) 0,07 (£0.01)

- significant on the level, **(p=0.01), *(p=0.05), ™ — not significant
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Fig 1. Estimated index values of families and thinning description.
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Fig. 2. Tree distribution on the part of the block 1. The row and column numbers are written
left and top. Each cell representing one tree. On the top is the family number, below is the
systematic thinning number (from 1 - tress to be removed firs do 5 — destination trees). On

the bottom of each cell is written tree index value. Trees marked on red color are planed to
removed.

RO5

Discussion

The presented way of SSO management is applied in wide scale into the forestry
practice in Poland. All SSO area are established in this way to assure evaluation breeding

values of families prior to planning genetic thinning. Such an approach requires the
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compromise between the function of testing and seeds production. Compromises as regards
testing is lack of replication in different locations. However it is possible to justify the lack of
repeating with the fact that seeds from SSO are planned to using only in relatively small seed
region. Another one issue it that conditions of the grow are different on SSO in comparing to
typical testing experiments. The most important difference is a wide initial spacing. It is
causing that the breeding value is calculated with some error. Compromises also concern
production of seeds. At the beginning before making the first thinning, production of seeds is
on the second plan. Most of the SSO in the first few years after plantation to do not produce
seeds because tree are to young. Later when trees are growing the spacing is increased and in
the end it is planned as 10 m by 10 m. So far on SSO in Poland is not applying crowns
forming. That way, it is not disturbing in the assessment of the development of the crowns
and the branches. However if such treatments will be planed in the future it seriously conflict
with testing. In the presented example index value is calculated without taking into
consideration correlations between traits. However the simplicity of the used method is
causing it, that seed orchard managers easily understand how the index values are calculated.
Additionally single tree index value is calculated as the combined index, it is the most
effective way of selection (Falconer, Mackay 1996) but it is only useful to select trees within
families. The consequences of using only combined index selection at high selection intensity
could have undesirable effects on inbreeding and genetic diversity. During the planning
genetic thinning on SSO many factors is taking into consideration. First one, is the minimum
population size (Ne). If N, is bigger than 40 for pine and spruce and bigger than 30 for other
species, genetic thinning are possible. Trees are marked to cut after analyzing of all condition
which are appearing on SSO (special distribution, health condition etc.). Families could be
tested in field trials also and results could be used when calculating criteria for thinning but so
far only some families are represented in existing field experiments. We do not use the
procedure elaborated by Lindgren and Matheson (1986) with theoretically maximizing the
genetic gain and the genetic variability. In the future it would be worthwhile using it after
some modification concerning the spatial distribution of trees.

The conception of using of SSO as testing plots isn't new. It was being raised already in many
publications but so far it only in Poland found wider applying. To help with calculations and
planning of the thinning, special software connected with Database of Forest Reproductive
Material were created. Of course using this method requires the compromise between the

testing and production requirements.
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Conclusions
This example supports management of seedling seed orchards also as the testing plots. This
approach would result into continuous genetic progress of SSO before they reach biological

phase of cone harvest.
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Abstract

This paper deals with deployment of clones to seed orchards in situations when the candidates
are relatives. Possible strategies comprise finding the best solution by an advanced computer
algorithm, restricting against relatives and neglecting relatedness. Linear deployment versus
truncation was considered. The value of application of a strategy has to be quantitatively
defined to make comparisons among strategies; here it was defined as “Net gain”, considering
predictions of breeding values, inbreeding depression, gene diversity (status number) and
effective number. The efficiency of the strategies was studied in a (ideal) population of
candidates composed of half-sib families. Results showed that, if the number of families
available is considerable higher than the number of desired selections a close to optimal and
simple strategy is to restrict against any relatedness and deploy the single best individual from
the best families by linear deployment. Otherwise a more sophisticated algorithm is
suggested. Here it is suggested that the simpler procedure can be used when the status number
of the candidate population is 8 times higher than the status number of the clone deployment
suggested. It is suggested that the effect by relatedness on gene diversity is more constraining
on the extent of relatives in seed orchards than the inbreeding depression following mating of

relatives.

Introduction

When tree breeding has passed its infancy, the option arises to select related clones to seed
orchards. One way out of this dilemma is to structure the breeding population in unrelated
compartments and select one clone from each (Lindgren and Gregorius 1976). However, this
strategy has disadvantages. It is a restriction on selection and the best related selection is
likely to have a much larger breeding value than the best unrelated. Inbreeding is a problem in
the breeding population, it is an additional cause of variation and it reduces the variance
available for selection. The consequences of restricting against relatives in seed orchards

become more severe and annoying as breeding continues over generations. A limited number
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of relatives in a seed orchard has only a small and may be neglectable negative effect (Olsson
2001).

This study deals with how the deployed proportion of each candidate clone can be decided
at the establishment of a seed orchard when the breeding values are available for each
candidate in a population of half-sib families. Conventional seed orchard deployment
strategies relied on simple truncation selection: selecting the candidates with breeding values
above a certain threshold and deploying the candidates in equal proportions. Lindgren (1974)
showed that deployment of candidates proportionally to their breeding value is a more
efficient approach. If the candidates are unrelated, the deployment of clones in proportions
linearly related to their breeding value is the most efficient strategy to maximise genetic gain
(Lindgren and Matheson, 1986). In advanced breeding cycles, however, the candidates tend to
be related and the linear deployment strategy does not guarantee an optimum solution. The
emphasis on breeding value of related candidates may increase relatedness, hence inbreeding
in the orchard to harmful levels (Olsson, 2001; Wang Tongli et al. 2003). One simple
approach to cope with the negative effects of relatedness is to introduce constraints on
relatedness, such as restricting candidates to say, the one top-ranking individual per family
and then use linear deployment for the ramet number. Is there a better deployment solution?

The aim of the present study is to develop and investigate procedures to deploy tested,
related genotypes to clonal seed orchards with variable numbers of ramets across a range of
scenarios with simple relatedness patterns. Simulation procedures are used based on artificial
data generated for half-sib families that provide the candidates pool for seed orchards. Results
may help to guide forest tree breeders about the potential and application of the method over a

range of circumstances.

Material and methods

The following deployment strategies were compared: (a) truncation selection by selecting
the clones with the breeding values exceeding certain threshold and deploying equal number
of ramets (Truncation strategy); (b) truncation selection by selecting only one best individual
within each family (Truncation unrelated); (c) maximizing gain at a given effective clone
number (Linear deployment); (d) linear deployment by selecting one best individual within
each family (Linear deployment unrelated) and (e) maximizing net gain at a given gene

diversity (Optimal proportions).
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Net gain was the target parameter to be maximized and was calculated as as the average
breeding value of seeds produced from the orchard with a deduction for the expected
inbreeding due to matings between related clones:

BVI=(1-1D*®,)> p.g, . [4]

where:

BVI is the predicted average breeding value of the ramets adjusted for the expected inbreeding
(ignoring selfing).

(1 - ID*©p) is a factor reducing the breeding values for inbreeding;

ID is the inbreeding depression "coefficient", which converts pair-coancestry to adjust for the
expected inbreeding depression to the same scale as the breeding values. In this study, we
assume no difference in inbreeding depression between orchard ramets and so set ID = 1,
which is a reasonable value for forest tree applications and can be interpreted that production
will be zero if there is complete homozygosity (if /D= 1 and pair-coancestry = 1, then the
term (1-/D*pair coancestry)= 0 and BVI = 0).

Although in principle it is desirable to use the optimal procedure for all cases, in practice it
may be difficult to impellent because specific software and expertise are needed.

The study focus on “linear deployment unrelated” and described its advantages and
characteristics for a number of possible typical cases. The genetic gain adjusted for predicted
inbreeding depression (Net gain), gene diversity and effective clone number were considered
as the main ranking criteria. The data used in this study were simulated breeding values for
unrelated half-sib families, which are considered as candidates for deploying in a seed
orchard.

Order statistics were used to generate the “true” family and within family breeding values,
expressed as standard deviations from the total mean set to 0 (Lindgren and Nilsson, 1985).
The breeding values were expressed as "units of coefficient of additive genetic variation
(CV4)". The optimization was carried out according to the main and alternative scenarios of
the key-parameter values (7able 1). When testing an alternative value of a parameter the
values of the other parameters were kept at the main scenario values. Status number (Ny,), the
number of unrelated and not inbred individuals desired in the seed orchard was used as the
diversity measure. Group coancestry can be interpreted as the loss of the gene diversity in the
wild forest by the implementation of tree breeding (Lindgren and Kang, 1997; Lindgren and
Mullin, 1998 and Rosvall 1999). The first term expresses the self-coancestry, which depends

on the number of ramets of a clone. The second term depends on the relatedness among
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different clones (pair-coancestry) and their occurrence in the orchard. Net gain was
considered as the parameter to be maximised. In our study, net gain refers to the difference
between the average breeding value of the ramets in the orchard adjusted for expected
inbreeding depression and the average breeding value of the test, which is set to 100 to allow
interpretation of the numbers as percentages. The Net gain is calculated as the average
breeding value of seeds produced from the orchard with a deduction for the expected
inbreeding due to matings between related clones. The number of half-sib families, the
number of individuals from each family as well as number of ramets of each individual
(expressed as proportion) to be included in the seed orchard were optimized to achieve
maximum net at a desired status number in the seed orchard. For the calculations MS EXCEL

2003 was used.
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Results and discussion

The Optimal proportion deployment strategy returned the highest Net gain at all scenarios
considered here (Figure 1). The Optimal proportion strategy produced 5% greater Net gain
than simple truncation selection for all scenarios except when there was no inbreeding
depression and many candidates from many families were available (Figure 1). Thus, there
are better strategies than simple truncation selection for breeding value as supported by
Lindgren and Matheson (1986). The Optimal proportion deployment strategy was most
efficient at the scenarios. Linear deployment unrelated was the second best approach in most
cases (Figure 1). The efficiency of the Linear deployment unrelated strategy was especially

low when the number of families dropped to 12 at the desired N; of 12.

Lindgren D (editor) 2008: Seed Orchard Conference, Umed, Sweden, 26-28 September 2007

138



In certain situations, the efficiency of the Optimal proportion deployment strategy was not
markedly different from that of the Linear Deployment unrelated strategy (Figure 1). A
technical disadvantage of the Optimal proportion strategy is that it requires a more complex
software than practical breeders usually operate and the optimization procedure is more
difficult to understand if compared with the Linear deployment strategy. Thus, it seems
worthwhile to closer examine the cases where the Linear Deployment unrelated may replace
the Optimal proportions deployment. The basic difference between these two strategies is
that Linear deployment considers the breeding value only, whereas, Optimal proportion is
searching for the combination of genetic gain and relatedness to maximize the Net gain and in
this way it takes account the relatedness of the candidates. Therefore, in cases when there
were more families to select from, there was no marked difference between Optimal
proportions and Linear deployment unrelated strategies, because both tended to select one top
ranking individual in each family (Figure 1). However, fewer available families (low genetic
diversity available for deployment) forced the selection of relatives and the Optimal
proportion strategy was more efficient to optimize the numbers of the related half-sibs.

Inbreeding had generally rather small effect on net gain, even in the most drastic cases
analyzed (selection of a status number 12 seed orchard from 6 half sib families by truncation
selection of the best) inbreeding depression reduces net gain only about 2 percent, and if there
was much diversity in the candidate population inbreeding had almost no importance and it
turned out favorable to select unrelated clones anyway. Comparing 6 and 12 families of size
40, the presence of inbreeding depression reduced the superiority of selecting from 12 from
5.0 to 3.9, indicating that diversity considerations was a more severe constraint for gain than
inbreeding considerations. Thus the demand for a certain status number among seed orchard
ramets forces to go further down in the list to clones with a lower breeding value rather than
to avoid inbreeding.

Another point where optimization of deployment may be made is family number and
family size under constant test size in the tests from which the selections to the orchards are
made. Figure 2 illustrates that if demand for diversity is high, it is an advantage to test more
families of small size versus few but large families. However, if there is high diversity to
choose from (the number of half sibs available is larger than the desired status number), the

number of families and their size ratio is of little importance.
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The total number of clones deployed was never higher than 40. The largest number of
clones was obtained in the scenarios where high diversity requirement forced selection more
families (scenario with 48 families for N, of 24). For a more realistic scenario with the desired
N; of 12, the optimum number of clones varied at about 20. At constant Ns of 12, doubling the
family number form 24 to 48 did not affect the optimum number of the deployed clones.
Thus, if Ny of 12 can be accepted as sufficient diversity level in the new seed orchards, then
not more than 20 clones are needed. Lindgren and Prescher (2005) optimized number of
tested clones in the seed orchards and suggested a similar figure of 20 clones for the first
cycle of orchards comprising tested clones given similar conditions as in our study.

In conclusion this study shows that if there is a large number of half-sib families available
for deployment to seed orchards (e.g. status number available among candidates is at least 8
times greater than the status number desired in the seed orchard), the best advice is to use
linear deployment unrelated strategy: take the single best candidate from the best families and
deploy the ramets linearly according to the individual breeding values. The number of
families to select from can be selected to satisfy the desired status number. If such large
reduction of diversity is not tolerable or the candidates tend to be related, optimization with

the Optimal proportions strategy is recommendable.
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Summary

Clonal seed orchards of Scots pine and Norway spruce has been established since almost six
decades. Plustrees were phenotypically selected in forests. Initially most of the selections were
made in natural mature forests, but since 1980 most selections were done in middle-aged
plantations. The selections were grafted and the grafts planted in seed orchards. The last decades
many orchard clones have been selected based on testing. Testing is often progeny-testing, earlier
with complicated mating designs, but more recently often with wind-pollination. Testing for
spruce often means testing with cutting-propagated clones. Currently more than 60 percent of all
planted plants come from seed orchards and the figure is increasing as new orchards start
producing seeds. The additional production of planted forests from seed orchards today is
estimated to around ten percent, and is rising. Establishment of a new round of seed orchards has
been launched, which will lead to almost complete seed orchard supply for plant production with

considerable higher genetic quality than what is used today.

Introduction

This paper describes Swedish seed orchards for Scots pine and Norway spruce. There are seed
orchards of other species, but Norway spruce and Scots pine dominate forest plantation. In 2005
the numbers of available forest plants in Sweden were: 125 million Scots pine; 194 million
Norway spruce; and 11 million of all other species. The statistics origin from the Swedish Forest
Authority and it should reflect planted plants in Sweden, even if some plants which do not do it to
the actual plantation are included. Import is included with about 40 million plants; the intention is
that exports should be excluded. Clonal plants of spruce are used, but much less than a million.
Seed orchards are almost the only way to get tree improvement out into the forest, and even if
clonal forestry is technically and biologically possible, it is not seen as an economic option and no

nurseries has currently any intentions to scale up its use.
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The annual growth of Norway spruce in Sweden is larger than that of Scots pine and the rotation
time shorter since spruce generally grow on more fertile soils. However, the species occupy
approximately equal size of forest land area, spruce somewhat more in south and pine somewhat
more in north. Emphases of breeding have been similar for spruce and pine, and the effort is also
basically rather similar in different parts of the country. There are no seedlings seed orchards for
the two major species and vegetative propagation has been done by grafts, but recently cuttings
have been used to a greater extent for Norway spruce. Most grafts are propagated in nurseries and

planted, but field grafting is sometimes applied.

It is practical to describe the development of the Swedish seed orchard program as three distinct
rounds at different epochs, even if the real World is less simple. There were several decision
makers and the exact circumstances are case specific, and ideas change over time. The moment of
the establishment of a seed orchard is often not exact and not exactly compatible for different
seed orchards. There is a planning period, there are ground preparations, grafts take time to
prepare, some orchards are first planted with root stocks and grafting is done subsequently in the
field, the whole seed orchard is seldom planted in a single year and fill in or complementary
plantations may occur, thus “establishment year” has usually character of an average and the
exact definition varies sometime in records. Thus “epochs” do not have distinct borders and all
events are not typical for the epoch. The three rounds are here chronologically associated to years:
the first round ~1949-1972; the second round ~1981-1994; and the third round ~2004-onward,

although this is not to be interpreted as exact limits.

The first round (=1949-1972)

The concept of grafted conifer seed orchards has a long history. The first development in
Scandinavia was done by Syrach Larsen in Denmark about 70 years ago (Larsen, 1934). The
idea was promoted in Sweden by Holger Jensen at Ramlosa nursery, and a large seed
orchard program was launched mainly according to these ideas. To make grafts in a large
scale was a slow procedure, the selected plus trees in the natural forest were old and could
not be harvested for many scions, and the scions harvested were typically not very vital. It
was more feasible - but very time consuming - to first graft a few primary grafts and then
make many secondary grafts. A number of small graft archives and experimental seed
orchards were established. The development in Denmark was hampered and downgraded
because of the occupation during the war and the urgency to rebuild after the war, while

Sweden was not much affected by the war and could accelerate the already initiated tree
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breeding program immediately after, stimulated by the large request of timber for rebuilding
Europe, where Sweden was the major unharmed supplier. The first full industrial scale
conifer seed orchard in Scandinavia was initiated 1949 in Drogsnés at Brunsberg in central
Sweden (lat. 59°37° N) with planting of Scots pine grafts. Another early industrial scale
effort occurred around Kratte Masugn (Anonymous 1963). Still today the outlines first
suggested by Larsen (1934) are usually applied when establishing new seed orchards in

Sweden and elsewhere.

The mature seed orchards established before ~1972, which now supply most seed orchard based
forest regeneration material, are now successively taken out of production. The following was rather

typical for this first round of orchards:
e Selection of plus trees in mature forests. For Scots pine it was mostly naturally regenerated

Swedish forests, while for Norway spruce in south Sweden some of the selections has been done

in plantations with either indigenous or continental European origin or selected in Poland.

e The plus trees were carefully described and compared to measured comparison trees. There was
a formal approval process.

e Scions were harvested and the plus-trees were multiplied as grafts. Clonal seed orchards were
established using such grafts.

e  Most plus trees were placed in seed orchards (1300 pine and 900 spruce clones).
e A typical seed orchard comprises 40 clones.

e The seed orchard program was associated with progeny tests of the clones in the seed orchards.

Progeny tests were often done by controlled crossings in the seed orchards, when the grafts
produced flowers. Thus progeny-tests established before 1980 are usually associated to specific
seed orchards. Progeny tests were often performed with many (5 or more) matings per parent,
large progenies (200) and replications on many sites (5).

e The seed orchards were usually established foreseeing a 50% systematic thinning. Genetic

thinning, which was planned for a later stage, has been implemented sometimes but seldom. A
typical object was established with 400 grafts per hectare and 40 clones in the orchard. At

maturity usually somewhat less than 200 grafts per hectare remain.
e Several Norway spruce seed orchards were established to benefit from hybrid effects when

provenances with rather diverse origins were brought together (Swedish and continental), but the
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progeny appeared disparate and thus these seed orchards were thinned so only one component
remains. Thus the idea of hybrid seed orchards failed for Norway spruce.

e Today changes in the set up of many of the mature seed orchards have occurred compared to
initial plans and maps. E.g. it happens that bad clones are removed and better ones are filling
their original planting space.

To optimize genetic gain more parents with less offspring each should have been tested. Further, the

use of wind pollinated offspring from the plus trees in the forest would have decreased the time lag

for testing. However, at that time genetic parameters and ways of inheritance were basically

unknown and the large trials with dialells were (and still are) a valuable source for deriving basic data.

The first round of seed orchard program stopped around ~1971, few seed orchards were established
in the following decade. Some of the first round seed orchards are now cut down as they are

replaced by newer units and more will be taken out of production soon.

The second round (established =1981-1994)

1982 a new nationally coordinated seed orchard program was inaugurated, the seed orchard

establishment costs was paid by the state.

Since =1980 the results of the trials established in connection with the first round started to

become evaluated and breeding values for plus-trees started to become available. Partly this

material was used in the second round.

The selected plus-trees in the first round were regarded as an insufficient base for long term
breeding and the tested trees were too few to support the second round program more than to a

limited extent.

The main principles applied in plus tree selection and seed orchard establishment were:
e New selections were carried out in young culture stands (typically 20-40 years old). For

spruce in southern Sweden it was often plantations of foreign origin. Reasonable aged
plantations with known history was less frequent at the early plus tree selections, mainly
because planting was less common, and did often not use what we now consider as

“appropriate” provenances. Reasons for making selections in rather young plantations were:
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o It is in the correct geographic and climatic environment (provenances move somewhat
initially)

0 It is in the correct silvicultural environment (planted and not natural regenerated)

o Imperfections in especially the stem and branch quality in the most valuable bottom
trunk of stem are not hidden inside the trunk.

0 Heritability can be expected to be higher in a uniform plantation than a natural
regeneration, which may be unevenly aged.

0 More vital grafts from younger ortets, and as more plus-trees were selected, the

requirement of grafts per tree could be relaxed.
e FEmphasis on many selections (instead of accuracy of the individual selections, no

comparison trees, except a few “unselected” checks). Around 5000 new plus trees of pine and
spruce were selected. As many selections were done and genetic thinning was planned it was

also natural to have many clones in seed orchards, typically more than a hundred.
e After selection, scions for grafting and wind pollinated seeds were harvested from

individual trees and used for progeny testing. Thus the connection between specific seed
orchards and the progeny test was relaxed. It was seen as too time consuming to wait till
controlled crosses could be made on grafts, but still it was necessary to make grafts to store the
selections and produce secondary scions for production of grafts for the seed orchards. When
seeds were not available from open pollination in the selection stands, seeds from archive trees

were also used for progeny testing.
e Seed orchards were often established foreseeing genetic thinning based on progeny test.
However, the foreseen genetic thinning has until now rather seldom been realized.

e For some plus trees growth rhythm of progeny in green house or nursery has been guiding.

e Many seed orchards used some tested material and a few were established with only tested

material. Three of the second round Scots pine seed orchards are based on result from short
term adaptation/autumn frost hardiness tests. Also plus trees from the Finnish orchard program
was tested, selected, and included. Some Norway spruce seed orchards in south Sweden were

established after phenological test of the clones in the nursery.
e A few Norway spruce seed orchards are based on clones tested in clone tests (not progeny-

tests), these are among the second round seed orchards with highest predicted gain, but have

not yet reached the national list.
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e The design of seed orchards become more variable than in the first round and depending on

special circumstances, in particular the availability of bred material. It was also an intentional
effort to try different models to widen the experience. As a consequence the clone number of

second round seed orchards varies among ten and several hundreds.
e Almost half of the second round pine seed orchards on the National list (Table 1) are

regarded as tested, while none of the spruce seed orchards. In spite of that the calculated gains
is some percent higher for the spruce seed orchards than the pine seed orchards (Figure 1). This
is probably as many of the second round spruce seed orchards which have (clone-)tested clones

are not yet in the National list.

Table 1. Number of seed orchards in Sweden. The seed orchards where seeds are marketed or
planned to be marketed soon are in the Swedish National List (read 2006) of approved basic
materials. There exist new seed orchards, which are not on the list, as the seeds are not on the
market yet. Old seed orchards are taken out of production, but seeds can still occur on the
market. The category “Qualified” means phenotypically selected plus trees and the category
“Tested” in the Table means progeny-tested Scots pine plus trees (sometime the test may be
short-term). If only a minor part of seed orchard trees are tested it becomes “qualified”. The

number of seed orchards in the list is compared to all seed orchards.

In Swedish National List of Approved Materials | All established
Species Qualified | Tested | =-1980 | =1981-2000 | =1981-2000 | 2004-
Scots pine 61 9 50 20 24 2
Norway spruce 27 0 22 5 12 3

When the second round coordinated program was initiated 1982, the intended area was 510
hectares of pine and 550 hectare spruce orchards, what actually became established was 350
hectares of pine and 200 hectares of spruce (Table 3). The largest reduction was for spruce in

southern Sweden, which will lead to a lack of improved seeds decennia ahead.

This second round program can be seen as completed around 1994 even if a few seed orchards were
established 1994-2003. Establishment of seed orchards was supported by governmental funds 1982-
1994. This funding was discontinued 1992/93. The funding was derived from a tax on forest land,

which was removed, and when also the benefits connected to it. The socialistic idea with a tax is that

Lindgren D (editor) 2008: Seed Orchard Conference, Umed, Sweden, 26-28 September 2007

147



the state can use the money earned by forest owners and companies wiser than the they can do
themselves. It took a decade for the Swedish forestry to find an administrative solution for paying the
costs for seed orchard themselves after the money became available by releasing the tax from the

shoulders of the forest owners, but in the end they did it and the third round of seed orchards started.

Swedish Scots pineeed orchard life time There are 48 seed orchards on the national list
established before 1971 and only 15 later 1971-1990, and most young seed orchards have not yet
reached full production yet. Even when a seed orchard is established, the clones may be selected
long time earlier. That probably means that much of the seedlings planted today originate from
seed orchards harvested more than 35 years ago. A life time of Scots pine seed orchards above 40
years seems likely, once they are reasonable well established. Recently El-Kassaby et al. (2007)
argued that Scots pine seed orchards become genetically outdated when they are aged 30, if the
long term breeding functions as well as predicted. It seems desirable that Swedish Scots pine seed

orchards are replaced more aggressively.

The third round (established 2004-?)

A national coordinated seed orchard program without governmental financial support was
negotiated during the first years in the current millennium and launched 2003. Its structure and
goals are described by Rosvall and Stahl (2008). All genetic material is planned to be selected
based on testing in one way or another. Some, but not much, will be offspring to tested clones.
Until 2007 two pine seed orchard and four spruce seed orchards have been planted or planting has
been started, but two of these orchards can be seen as single owner orchards, which would have

been established even without the coordinated program.

Since most of the available large number of clones in the latest round of seed orchards is tested,
the genetic gain will be considerably larger than in the first two rounds. Rosvall et al (2002)
calculated the average ideal (no reduction for contaminating pollen etc.) possible gains to be 33
and 37% for pine and spruce respectively. A more realistic estimate is suggested to be 24 and

26%.

Retrospectively, the Swedish seed orchards have been described in terms of three distinct rounds.
The cause for these phases is mainly administrative changes in the funding system by the

Swedish political system, there is no “scientific” justification, and it is not rationale. The future
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will hopefully not mark out a distinct “Fourth round” of Swedish seed orchards after the end of
the decided third round. Hopefully, from now on a smoother and more continuous program will
be driven by genetic progress in the long-term breeding (Prescher 2007). Another argument for a
continuous seed orchard establishment is the different breeding generation times. Southern
populations will have a faster rotation turn over due to faster testing. A rolling front within the
breeding population will also influence timing. Hopefully the forestry actors will establish new
orchards when there is significantly improved material available. The size of required
improvement will vary with economic resources and predicted demand of wood. Seed orchard
themselves will probably turn more rolling front where parts are updated and replaced rather than
starting from scratch. One argument for that is to get an early improved and better known pollen

cloud rather than contamination.

The impact of seed orchards on Sweden

Table 2. National statistics for percent seed orchard seedlings in Swedish plantations.

Percentage of seedlings from seed orchards
1975 1990 1995 2001 2006
Scots pine 60 60 Most 62 78
Norway spruce Small 15 14 38 49

Since 2001, the statistics is based on enquiries to plant producers by the Swedish Forestry
Authority, earlier statistics is more subjective estimates based on the potential of seed production
and may be slightly overestimated. Since the mid 80s, plant production has decreased from more
than 500 million plants per year to about 320 millions. Furthermore, pine plantation has decreased

in southern Sweden (due to game injuries) and spruce plantation increased.

For Scots pine plant production, most seeds came from seed orchards the last three decades in
southern and middle Sweden. In the central part of Sweden, i.e. latitude 62-64° N, there is still a
lack of seed orchard seed. The most significant lack is for the harshest areas in the north, and seed
orchards better adapted to that area now comes into production, thus the seed orchard use may be
expected to rise to 90% in a few years. The seed orchard use of Scots pine will probably rise
steeply soon as the second round of seed orchards has started to produce significant amounts of
seeds the last years. However, even the second round of orchards was not established to cover the
whole need for plant production in the north, and the limited increase between 1975 and 2001

give reason for some worries.
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The situation for Norway spruce is different than for Scots pine. The first and second round
spruce seed orchards were established in the end of the period and the area was insufficient for
both rounds. The fructification of Norway spruce starts about five years later than for Scots pine,
and thus seed from the orchards become available much later than for pine. In the late 70s and
early 80s small crops were harvested, but it took until 1989 before the first big seed crop. Swedish
foresters were conservative and cheap and rather good imports were available, and thus the
marketing of spruce seed orchard seed was not easy when they first become available. Today the
demand for seed is higher than the production capacity from the orchards in southern and
northern Sweden. Unfortunately the lack of improved spruce seed will continue some decades;
the withdrawn funding for establishing new orchards in the second round, mainly had impact on
spruce in southern Sweden. These orchards were planned to be established in the end of the
period because the progeny tests intended to be used for selection of clones, were going to be
evaluated some years later. However, the changed funding situation totally stopped the
establishment program of spruce orchards before it was complete. It is required that seed orchards
only a few years old or not established reach full production to come close to 100% seed orchard

use, and that will not occur the next decade.

Table 3. Reasonable successful established area of seed orchards (hectares)

First round Second round Third round
~-1972 ~1981-1994 ~2004- (2006)
Scots pine 575 350 28
Norway spruce 230 200 50

The genetic gain of seed orchards

Genetic gain considerations and estimates for Swedish seed orchards were presented by Rosvall
et al. (2002). Gain estimates can be interpreted as gain in value production or gain in volume
production at a constant quality. The gain of the early seed orchards can be said to have three
sources: 1) the clones placed in a seed orchard origin from different populations and therefore
trees are less related than in a stand, thus seed orchard seeds suffer less from inbreeding
depression and may benefit somewhat from hybrid vigor. The gain by this is assumed to be 2%.

2) Some seed orchard phenomenon can be seen as equivalent of a gain, mainly “epigenic” effects
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(“aftereffects”, one reason is heavier and more developed seeds and faster starting seedlings, the
effect of that may hang on into productive ages) but also that it is easier to produce a more
uniform and predictable plant crop in the nursery. This appears as a “genetic gain” which is
assumed to be 2%. 3) The most important generator of gain is the artificial selection of superior
trees. The selection gain when choosing plus trees in the forest was estimated to 6%. These
generalized gain estimates build on experimental results with comparisons between artificial plus-
tree crossings and commercial checks.

Considerable larger gain is achieved where selection is based on progeny or clone testing. Genetic
gain after genetic thinning is rather small, but has some importance for some seed orchards.

The predicted gains of the second round seed orchards serving different areas of Sweden has been
indicated on the target areas on maps of Sweden in Figure 1. These figures are based on estimates
of the breeding values of the clones in the seed orchards and assume reasonable provenance

transfer, thus that the seed orchard seeds are used in the intended area.

A gain thief is pollen contamination, probably only about half of the fertilizing pollen originates
from seed orchard trees. Efforts to reduce this loss of gain have had only limited success. The
contamination is an argument against small seed orchards, but seed orchards are anyway usually
rather large for administrative and operative reasons. It is also an argument not to move seed
orchards too far to the south compared with the origin of the clones. The location of the third
round of seed orchards for harsh northern areas will probably be located a little more northern
than the current seed orchards as the impact of the pollen contamination was not fully accepted
during the second round program. Some of the valuable forest production in a stand origins from
non-planted non-improved plants (“volunteers”), the currently used estimation is that on an
average 80% of the forest production in plantations originate from the planted plants. Estimates of
gain considering these two gain-reducing factors indicate that on average second round seed
orchards of Scots pine increase forest production by 9.4 % and for Norway spruce 11.6 %
compared to the production if seed orchard seeds were not used. If seed orchard seeds are used
further away from where they are targeted compared to stand seeds that may reduce the realized
gain somewhat, no estimates have been done.

Selfing and lack of diversity is predicted to reduce the possible gain from seed orchards, but only
to a similar extent as stand seeds, and are thus not regarded as negative factors in the calculations
in the study, at least not if the number of clones is not dropping lower than predicted for the third
round of seed orchards (Prescher 2007). Selective harvesting where the offspring of the best
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clones is used for plant production has been used in a few cases and an expanding use is predicted,

but the contribution to realized gain is still small.

gain for the most modern

existing seed orchards of
Scots pine and Norway
spruce established before
1998 (Rosvall et al 2002).
The gain is an estimated
percentage production
advantage compared to
stand seeds assuming
only seed orchard
progeny in the

regeneration.

The added allowable harvestable timber in Sweden of seed orchards according the most probably
scenario in accordance with current decisions and predictions was calculated by Rosvall (2007,
personal communication). In Figure 2 this was compared with the impact of other suggested
realistic methods to increase forest production (fertilization, clone forestry (SE), drainage,
conversion of agricultural land to forest; contorta pine, better regeneration techniques) in a
scenario considering economy, administrative constraints, likely technological development,
environmental concerns,. As a reference level, the possible harvest was based on the forest
maintainance and silviculture used during the 1990:s (SKAO03) (Skogsstyrelsen 2004). The

mentioned improvements were added to the reference level.
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Figure 2. Allowable sustainable timber harvest in Swedish forests under different scenarios to
increase production. For seed orchards it is the difference including the planned program
compared to no seed orchards. The gain by seed orchards is considerable larger than all other

options together.

Interaction and coordination of government, seed orchard owners, forest

owners and research

The situation 2007 is that seed orchards or nurseries are not directly owned, controlled or paid for
by the government or decisions under governmental control. The state controls formally Svenska
Skogsplantor AB via shares in Sveaskog, but the ambition is to get it to work as a private
company. Sveaskog owns about 35% of the plant production capacity and about 55% of the seed
orchards. Other owners are large companies, forest owner associations, the church, and persons or
companies in the plant business. Typically there are several owners to one seed orchard, but a
single operative manager. The owners share seeds and costs. This shared ownership is managed
in separate ownership groups for each seed orchard, and works well. A reason for shared
ownership is that risks are spread; instead of one orchard per owner, the owners have shares in
several orchards for the same utilization area, another reason is to get sufficiently large seed
orchards and a third reason that many operators in many part of Sweden are to small to support

own seed orchards.
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For the second round of seed orchards (1982-1994) the coordination was lead by the government,
and the establishment (but not the running costs after the first 5 years) was fully financed by
governmental funds on condition that it was a part of the coordinated program. The grants
originated from a forest tax, and that forest tax was discontinued 1992 and so the benefits derived
from it like establishment of seed orchards. It took most of a decade till a similar coordinated

program was initiated without state support.

For the third round three committees of interested organizations have been established for the
three distinct geographic regions: north, middle and south Sweden. These groups meet currently
around two times a year to discuss issues on the third round seed orchard program. Skogforsk has
played an important role for getting a nationally coordinated third seed orchard round
implemented. The state pays about half of the cost for the backing up long term tree breeding,
which the current seed orchard program benefits from, through SkogForsk. The state also

contributes to seed orchard research in a similar way.
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Abstract

Over 30 years of seed orchards establishment and management, the spatial configurations of
clones remained unchanged creating a paradoxical state. This is characterized by static seed
orchard designs in an environment of constant changes driven by advancement in breeding
programs with the majority entering their advanced generations phase. Additionally, the vast
accumulation of knowledge pertaining to reproductive biology, ecology and output have
changed our perception and assisted in rejecting of some seed orchards’ myth. Advanced
generations breeding programs feature complicated relatedness structures, combinations of
backward and forward selections, desire to capitalize on proportional deployment or
exploiting assortative mating etc. We propose two novel seed orchard designs applicable to
first and advanced generations where these issues are considered. The first design combines
the benefits of randomization and systematic arrangement of ramets and their clones after
considering their regional proximity to neighboring clones from the same parent (called
Randomized, Replicated, Staggered Clonal-Row (R*SCR)) facilitating easy crop harvest. The
second design (Minimal Inbreeding) utilizes global assignment of clonal ramets within the
entire orchard with the objective to minimizing potential inbreeding in the seed crop. Many
modifications to both designs are available, making them flexible, yet efficient in delivering

genetic gain to operational forestry.
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Introduction

During the initial phase of forest tree breeding, seed orchards have evolved as special-purpose
plantations to facilitate mass production of genetically improved seeds. During the same
period, number of special orchard layouts has been developed (see Giertych 1975 for a
review) with a primary goal — to maximize the gain-conversion efficiency between breeding
programs and operational forestry. At this initial stage, breeding programs started out with
initial unrelated individuals’ selections from wild stands, thus relatively simple orchard
layouts served well its purpose. Fifty years later, the genetic statuses of breeding programs’
have changed considerably with increased relatedness and inbreeding coupled with greater
selection differentials and the emergence of new ideas for seed orchard structures such as
proportional clonal deployment to maximize gain while managing diversity (Lindgren and
Matheson 1986) and clonal-rows facilitating ease of harvesting without appreciable build-up
of inbreeding (El-Kassaby 2003; El-Kassaby et al. 2007). Multi-generational breeding
programs offer the opportunity to select material across generations, supported by the
development and implementation of efficient genetic evaluation techniques with interested
desire in combining specific parents with desirable properties. Additionally, advances in
reproductive biology (e.g. Erickson and Adams 1989, Adams and Birkes 1991, Perry and
Knowles 1990, Xie et al. 1991, Mitton 1992, El-Kassaby et al. 1994, O’Connell et al. 2004),
including better understanding of mating systems, pollination biology, fertility variation, and
contamination as well as the recent emergence of new breeding strategies (called “Breeding-
Without-Breeding”) that integrates classical breeding and pedigree reconstruction methods
(El-Kassaby et al. 2006) with its specialized seed orchards (breeding arboreta) designs that
maximizes the outcrossing rate among parents. All these factors individually and in concert

made it possible to consider new seed orchard designs.

In order to develop appropriate seed orchard design suitable to advanced generations, one
needs to identify relevant criterions, such as the acceptable overall outcrossing rate and/or the
desire to perform crosses among numbers of specific parents, integration of related and inbred
trees originating either from the same or different generations, separation of specific parents,
different orchard’s shapes/configurations, proportional deployment etc. In the same time, it is
obvious that neither design will be optimal in every situation, due to year-to-year variability

in reproductive output; however, some species-specific reproductive patterns (e.g. pollen
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dispersion) and environmental conditions (e.g. prevailed wind direction) should be considered

during the establishment of advanced generation seed orchards.
Regional Assignment

El-Kassaby & Lstibiirek (in preparation) developed the “Randomized, Replicated, Staggered
Clonal-Row (R*SCR)” design that combines the advantages of systematic and randomized
designs. This design allows each clone’s rows to be separated by a predetermined radius, thus
minimizing mating among ramets in a specific row with others of the same clone and
maximizing mating among unrelated clones through: 1- staggering of rows (i.e., each clone is
surrounded by 4 different neighbors), and 2- changing the neighbors at each replication.
Additionally, a predetermined isolation zone could be created to separate genetically related
individuals (i.e., exclusion zone among related clones). This design evolved from earlier
work by El-Kassaby (2003) and El-Kassaby et al. (2007) that aimed to: 1- maintaining a
relatively simple layout, thus facilitating selective seed harvest by individual clones and 2-

reducing the effective selfing rate and correlated mating (Figure 1).
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Figure 1. An example of the “Randomized, Replicated, Staggered Clonal-Row (R*SCR)” seed
orchard design showing the separation among replicated clonal-rows of the same clone (i.e.,

regional separation) and the staggered nature of rows (see position occupied by clone #7).

A user-friendly computer program was developed to implement this scheme under a specific
scenario without the need to understand the mathematics of the model. As stated above,
regional clonal assignment requires the selection of specific separation zones prior to the

randomization and the length of row (must be even to allow perfect overlap between rows). A
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number of feasible solutions is generated by the program along with the relevant fit-statistics
and this number is correlated with the number of initial iterations selected (i.e., the higher the
iteration number, the higher the resultant solutions). Input parameters include the number of
clones, seed orchard size, length of rows, separation zones, physical configuration and either
balanced or proportional deployment option is desired. A computer program is available from

YAE.

Global Assignment

Theoretically, this represents the most efficient seed orchard design with respect to the
minimization of inbreeding in seed orchard crop (“Minimum-Inbreeding” design) (Lstibirek
and El-Kassaby, in preparation). There are no separation zones in this design since a given
location of a particular ramet is considered in relation to all other locations in the orchard. In
some cases apparent inbreeding is not completely avoided (proximity between two ramers of
the same clone) but the resulting layout leads to a minimum inbreeding in seed orchard’s crop

considering all other feasible layouts (Figure 2).

Optimum layout is a result of separating clones and their ramets on the orchard’s grid to
minimize selfing and mating among relatives, where the degree of genetic relatedness
proportionally affects the level of separation. Complicated pedigree relationships can be
easily accommodated by this design, allowing the flexibility to differentially “penalize”
different relationships, thus considering closely biological properties of a given species. The

outcrossing rate within this orchard is maximized. Computer program is available from ML.

Conclusion

Most seed orchards are established in outdoor conditions with trees planted to a given layout.
Reproductive output differs among years, thus no design is truly optimum. Here we propose
two innovative designs suitable to advanced-generation seed orchards that are easy to
implement. While the first design offers simple scheme to facilitate selective seed harvest by
clone, and minimizes the impact of selfing and correlated matings, the second orchard’s
layout uses a global assignment and leads to theoretically minimum levels of inbreeding in

seed orchard’s crop, while maximizing the outcrossing rate.
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Figure 1. An example of the “Minimum Inbreeding” seed orchard design showing separation

among replicated ramets of the same clone and the global separation and randomization

among 20 clones each with 5 ramets.
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European larch (Larix decidua Mill.) is one of the most important conifers in
Poland. There were planted 17 266 000 seedlings of this species in 2006. The main source of
larch seeds are seed orchards, where 17 859 kg of cones, representing 62% of the total crop,
were collected in 2006. The rest of larch cones collected in that year derived from economic
seed stands (7 503 kg — 26%) and selected seed stands (3 437 kg — 12%). Nowadays we have
got 40 clonal seed orchards of European larch with total area 252.11 ha, and 24 seedling seed
orchards with total area 171.89 ha.

And what is a problem with larch in seed orchards? Larch flowers irregularly and
gives large percentage of empty seeds in the yield, which may exceed even 70%. The studies
concerning empty seed production of European larch made in Institute of Dendrology in
Kornik by Kosinski [1987] provided 4 reasons of that problem. The first reason was lack of
pollination which might be caused by small number of male flowers, non synchronised male
and female flowering, and unfavourable weather conditions (especially frosts and
precipitation). Disturbances in female gametophyte development were the second reason of
empty seed production. It might be caused by the nutrient competition between developing
ovules and vegetative organs, and by the weather factors (mainly frosts). The next cause was
lack of fertilisation due to unfavourable weather conditions during pollen development after
pollination. Drought or low temperature reduces pollen viability. And the last reason of empty
seed production was embryo degeneration caused by genetic reasons, which is especially
visible after self-pollination.

Results reported by Kosinski show that weather conditions play a significant role in
seed production of larch. Therefore the local climate must be well recognised before making
choice of seed orchard localisation. Also the proper arrangement of seed orchard with as
many clones as possible and maximal distances between grafts of the same clone is very

important to avoid self-pollination.
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The next matter is that not all clones in seed orchard flower the same good as others.
The question is how to equalise participation of all clones in flowering to increase genetic
diversity of obtained seeds? Some activity like pollen collection and storage, supplemental
mass pollination and controlled crossings may be the solution of this problem. Several
artificial treatments can also stimulate flowering, mainly those which cause some kind of
stress, such as drought, girdling, root pruning and root restrictions, tying stems in a knot,
training whole trees or branches horizontally, and excessive nitrogen fertilization, or
occasionally nutrient deficiency [Pharis at al. 1987]. Increased flowering of conifers through
the use of plant hormones, especially the gibberellins (GAs), is possible as well. For species
of Pinaceae, only GAs less polar then GAj, especially GA4, GA7, GAs, GAg and their
combination, have generally been effective [Bonnet-Masimbert 1982].

Some research works started in 2004 in European larch seed orchard in Sycéw (south-
western Poland) confirmed positive influence of girdling on cone bud production
[Markiewicz unpublished]. Girdled trees had 2-3-times higher mean grade of female
flowering than control trees. The aim of girdling is to stop flow of assimilates from needles
and shoots to the roots. The higher concentration of nutrients is required for buds to
differentiate reproductively vs. vegetatively [Pharis at al. 1987]. But very important thing is to
apply girdling at proper time of shoot development. Detectable differentiation of reproductive
buds occurs in short shoots of western larch (Larix occidentalis Nutt.) at about the end of long
shoot elongation [Eysteinsson and Greenwood 1995]. So treatment has to be applied during
long shoot extension, before the end of this process. Girdling in seed orchard in Sycéw has
been done when the long shoots have flushed and already had about 3-4 cm length.

Girdling appears to be cheap and easy method to stimulate flowering but one has to be
careful with this treatment, because it may lead to the root weakness and makes trees more
susceptible to blowing down by the wind. Sometimes trees break in the girdle zone as well.
However, girdling may be applied on trees which are designated for cutting from seed orchard
in the near future.

The influence of girdling on larch flowering in the next year after treatment was
investigated in seed orchard in Sycow in years 2005 and 2006. The increase of flowering
caused by girdling observed in 2006 was lesser than in 2005. The reason might be that the
year 2006 was good-flowering year in opposite to poor-flowering year 2005, and the positive
influence of girdling might not be so evident when conditions were favourable for trees to
flowering, and many trees naturally flowered well. So, this indicates that the flowering

stimulation is economic only in the poor-flowering year, when almost all trees flower weakly.
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However, the stimulation may enhance flowering, but not before the next year. So, there is a
question, how to foresee in the year of stimulation if trees will naturally flower well or not in
the next year, and make decision: stimulate or not stimulate? The answer to this question may
be given by examination of correlation between the yield of seeds obtained in particular year
and weather conditions occurred in the same year (influence on flowering and seed forming)
and in the year before (influence on cone bud initiation). These investigations may give the
knowledge which weather factors have the great impact on seed production, and how to
foresee the flowering through the weather monitoring before flowering.

And the last problem: seed collection. Larches in the young seed orchards, where seed
collection is easy, flower rather weakly. Larches in the oldest seed orchards flower better, but
the problem is that collecting seeds from high trees is technically difficult and more
expensive. So, some research projects concerning top-pruning and crown forming of larches
in seed orchards are needed. These projects aim to find efficient way of trees management,
which may lead to:

e limit the increase of trees height and keep crowns on the lower level,

e reduce damages caused by the wind,

e make easier seed collecting,

e reduce costs of seed production and make seed orchards more effective.
The observations made on pruned trees in a few following years may show what will be the
influence of these treatments on flowering, survival and subsequent development of trees.

Taking into consideration all these problems with seed production of larch, some
studies providing knowledge about enhancing flowering, the weather influence on seed

forming process, and managing trees in seed orchard, are still necessary.
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Abstract

As results from the assumptions adopted for a long-term selective forest tree breeding
programme, seed orchards in Poland constitute only a supplementary source of forest
reproductive material. Following these assumptions, the share of an individual seed base used
for forestry purposes cannot exceed 20 percent. 1962 hectares of seed orchards have been
established so far within the State Forests National Forest Holding (State Forests NFH). Part
of them established as the first conifer seed orchards in Poland today produce seeds and are
used for the production of forest reproductive material, while most of the broadleaved seed
orchards were established in the nineties of the past century and only entered the seed
production phase. Presently, the seeds from the orchards constitute, depending on the crop, 8
— 17 percent of the reproductive material for forestry use. The estimates show that the actual
area of seed orchards should fully satisfy the demand for the reproductive material from this
seed base category. Recently, creation of a new category “tested” of forest reproductive
material has started. The choice of tested trees will allow to establish seed orchards of the
known genetic value and to select individuals with specified breeding qualities to be used for
special purposes. Actions of this type have been proposed in the assumptions to the new
selective forest tree breeding programme prepared for the years 2010-2035 in the State
Forests NFH.

Key words: individual selection, mother trees, seed orchards, testing forest reproductive

material
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Introduction

The implementation of selective forest tree breeding programmes in Poland has been
pursued in the State Forests NFH since the early sixties of the past century. First stands were
then selected to create a selective seed base of forest tree species. Selective breeding was
implemented in the State Forests NFH on the basis of the programmes developed for
successive periods. The first programme was implemented in the years 1960-1975, the second
one — in 1976-1990, and the implementation of the current programme 1991-2010 is coming
to an end. The next stages of the selective forest tree-breeding programme assume the
continuation of the key strategic goals adopted in the first stage of programme implementation
taking into consideration the necessity to adjust the current goals to the changing ecological
and economic conditions of forest functioning.

The strategic goals adopted for the selective forest tree-breeding programme for the years
1975-1990 were as follows:
1. Maintain the existing genetic variation in forests over a long time span.
2. Increase the productive capabilities, improvement of qualitative parameters and
stability of the next generations of forests.
3. Create and maintain a seed base on the level guarantying the achievement of goals 1

and 2 (5, 6).

To achieve the strategic goals of the Programme it was assumed that population
selection (seed stands) would be the main direction of the activities, while individual selection
(plus trees, seed orchards, seedling seed orchards) would be complementary to these activities.
The share of seeds from individual selection steadily increased in successive periods:

1960 - 1975 — 100 % of the population seed base,

1976 - 1990 — 95 % of population seeds, 5 % of seeds from the orchard,

1991 - 2010 — 85 % of population seeds, 15 % seeds from the orchard.

However, it did not reach the maximal allowable level in the State Forests NFH that is 20
percent of the total demand for seeds for restocking.
These quantities are pretty large taking into consideration the general demand for seeds in the

State Forests NFH (see Table 1).

Individual seed base in Poland — the present state
In accordance with the Forest Reproductive Material Act, there are three categories of
Basic Forest Material (LMP) forming the forest seed base in Poland:

Category I - stands of known origin,
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Category II - selected stands,
Category IIl - parents of families, and the seed orchards and seedling seed orchards
established on their basis (2, 3).

The first and second categories constitute a so-called population seed base, while the
third “qualified” category was created on an individual selection basis. Till 2006, approx.
10,000 mother trees of the 14 main forest tree species within the State Forests NFH had been
classified on the basis of phenotypic traits. A detailed specification of the qualified mother
trees is given in Table 2. For indigenous trees, the amount of plus trees is strongly correlated
with the share of these trees in forests. However, the share of conifers is higher, as coniferous
species were qualified in the first place. Also, higher than average is the share of mother trees
of admixture and introduced species, such as the common birch, European larch, black pine or
Douglas fir for which seed orchards are and will be the main seed base in the nearest future.

The Table does not include individual trees selected for special purposes and used
temporarily as a seed base for restocking and gene resource conservation. There are about
4,000 such trees, specifically 2,000 firs from the Sudeten region and about 1,000 common
yews ready for establishing a seed base for the State Forest NFH. The majority of these trees
are already in the State Forests NFH’s clone archives whose aim is preservation of all mother
trees, gene reserve trees and selected nature monuments growing on forest lands.

The first seed orchards were establishment primarily for conifer species which are
currently in the full production phase. The selection of broadleaved mother trees was started
as late as in the early nineties, so the seed orchards are relatively young and just enter the
production phase. The specificity of Polish forestry is establishment of large-scale seedling
seed orchards i.e. generatively produced seedlings. Their progeny shows a much higher
variability and they can be maintained productive for a longer period of time, which is their
unquestionable advantage. The minimal number of clones in seed orchards is 40 for pine and
spruce and 30 for other forest species. The clones in seed orchards are randomly distributed at
minimal distances between individuals within a given clone. Three types of cutting: schematic,
genetic and combined are anticipated for seed orchards. Similar rules apply to the
establishment of seedling seed orchards. The first seedling seed orchards were established on
the basis of clone sets from relatively large areas. Currently, attempts are made to ensure that
mother tree sets for the species embraced by a detailed seed regionalisation (geographic
distribution of seed regions) represent individual regions of their origin.

Data on the established seed orchards are given in Table 2.
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All the seed orchards established so far belong to so-called category I, i.e. those
created through the selection of mother trees on the basis of phenotypical traits. The
programme for the establishment of category I seed orchards has not yet been implemented in
full. We certainly do not plan to establish this type of seed orchards for most of coniferous
tree species. However, we need to establish a number of seed orchards for the broadleaves so
that the quantities of seeds from the seed base of this category reach 20 percent. The
quantities of seeds currently obtained from seed orchards range from 8 to 17 percent
depending on the year. Table 3 shows the percentage of seed base categories meeting forestry

needs (data as of 2005).

An individual seed base in the assumptions for the new Programme

In accordance with the adopted strategic assumptions regarding the functioning of the
forest seed base in a long time span created in the framework of selective forest tree breeding
programmes, no substantial changes are foreseen in the percentage of the population and
individual seed bases. However, changes that are to appear are connected with the
commencement of creating a new, category “tested” of seed base. Within this category, both
the population and individual seed bases are created.

The State Forests NFH, the manager of Polish forests, started testing the seed base
categorized as “selected” and ‘“qualified” created in the framework of the previously
implemented selective forest tree breeding programmes. The testing programme was
introduced into forest practice by Director General’s Ordinance No. 85 of 31 December 2004
on the implementation of the Programme for testing the progeny of selected seed stands, plus
trees, seed orchards and seedling seed orchards in all the organisational units of the State
Forests NFH - ref. no. ZG — 7132 — 58/2004 (1).

The aim of testing the progeny of plus trees, seed orchards and seedling seed orchards
through the establishment of testing plantations is to demonstrate the high quality of the
reproductive material. This is to be done by making comparative tests or by estimating its
quality on the basis of genetic evaluation of core material components which, according to the
Act of 7 July 2001 on forest reproductive material, include seed orchard, mother tree, clone
and clone mix (Dz. U. of 18 July 2001) (7).

Moreover, progeny testing assumes the development of the principles of rational use
of a seed base delimited by seed regions and identification of the area of possible transfer in
accordance with the adopted areal regionalisation rules and, additionally in the mountains —

the altitudinal zonation rules (4). These rules should be established on a genetic basis. Also,
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the testing programme aims at the optimization of tasks presently pursued in the State Forest
NFH under sustainable forest management in Poland, i.e. improvement of forest management
on an ecological basis (6).

The choice of the best progeny for registration in category IV “tested” of seed base
will be the effect of its genetic evaluation. The testing region comprising the territory of the
Regional Directorates of State Forests is the basic unit for which seed tree and orchard
progeny testing programmes are being developed. In this region, forest core material
components are located i.e. plus trees, seed orchards, seedling seed orchards in the amount
facilitating testing of representative progeny collections. In the case of mother trees, their
number will be close to 100. The progeny of such a set will be tested in four different
locations. The test sites will be established in a single-tree plot design with 64 replications
(table 4).

Seed orchards and seedling seed orchards will be tested as artificial breeding
populations in the sets of 30 items per set. Test sites will be established in a randomised block
design in four replications with 100 seedlings in each replication (table 5).

The main actions in the part related to selective forest tree breeding planned for the
implementation in the new Programme as regards individual selection will include:

a) continuation of the tasks implemented recently:
- choice and use of mother trees (DD),
- establishment of the first generation seed orchards and seedling seed orchards,
- setting progeny plantations,
- evaluation of the breeding qualities of progeny plantations entering the seed production
phase.
b) New tasks related to the genetic evaluation of LMP:
- establishment, management and evaluation of LMP for the production of category III
material — LMR (mother trees, seed orchards, seedling seed orchards), in progeny tests,
- choice of LMP stands for the production of LMR — category “tested”,
- development of the rules for the management and use of LMP registered in Part IV of
the National Register in forestry,
- establishment of the second generation seed orchards and seedling seed orchards,
- establishment of orchard blocks with LMP of known genetic value.
The selection tasks included in the new Programme for the years 2010-2035 will cover:
- improvement of qualitative and quantitative traits of populations (stands) — population

selection (choice of stands from the categories “selected” and “tested”),

Lindgren D (editor) 2008: Seed Orchard Conference, Umed, Sweden, 26-28 September 2007

169



- choice of populations and genotypes of high plasticity for breeding under the changing
climate conditions (population and individual selection),

- creation of artificial breeding populations on a seed orchard basis with specified
(relatively high) genetic variation (individual selection — the choice of different
genotypes for tree sets for seed orchards and seedling seed orchards based on DNA
analyses),

- improvement of the qualitative traits of genotypes — individual selection — the choice
of genotypes of specified traits from the category “tested” — creating artificial breeding
populations for forestry needs on a seed orchard basis,

- improvement of resistance traits of genotypes to biotic and abiotic stresses — individual
selection — the choice of genotypes of specified traits from the category “tested” —
creating artificial breeding populations for forestry needs on a seed orchard basis,

- improvement of the quantitative traits of genotypes — wood mass production in short
and long rotation — individual selection — the choice of genotypes of specified traits
from the category “tested” — creating an LMP base for clone and clone mix production
and the establishment of seed orchards.

Anticipated effects of Programme implementation:

- creation of a “tested” category seed base representing 10 percent of the national
demand for seeds (anticipated selection gain for growth traits at population level —
15%, at family level — 25 % in relation to growth traits for the material from outside
the base),

- maintenance of the selected seed base representing 30 percent the national demand
for seeds (anticipated selection gain for growth traits at population level — 10 %, at
family level — 15%),

- maintenance of a permanent seed base from the identified source representing 60
percent the national demand for seeds (anticipated selection gain for growth traits at

population level — 2-5%).
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Table 1. Seeds demand of the main forest tree species for the years (1991-2005) (KG)

Spruce
1991 13 080 2750 2990 17 760 871 200 66 210
1992 13510 2990 2663 19 190 1 153 700 105 220
1993 14 230 2620 3480 15190 1242 300 78 480
1994 11570 2330 2450 13 220 1107 100 71 780
1995 10 680 2050 2400 12 500 1 307 900 123 370
1996 11 460 1720 2500 10 500 1 245 400 72 040
1997 8090 1370 1450 16 120 1281 100 75170
1998 7560 1250 1310 9040 1 244 400 108 480
1999 7470 1140 1680 16 790 1 255 500 82 460
2000 8090 1045 1301 9269 1291 368 116 842
Mean (91 -00) 10574 1926 2222 13 958 1199 997 90 005
2001 7348 1249 1427 9776 1150311 79 373
2002 7593 830 996 6 537 869 490 83 963
2003 6944 840 1102 5974 909 805 77 861
2004 5996 795 908 6427 890 081 87 003
2005 6479 788 800 8 785 1 125 543 74 857
Mean (01-05) 6 872 900,4 1 046,6 7 500,2 989 046 80 611,4
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Table 2. Present state of forest seed base in Poland [ha]

Populations of

Seedling seed

Species Selected stand Plus trees Seed orchards
known origin orchards

Pine 154 500 6957 3670 425,78 279,30
Spruce 14 050 2277 950 75,60 10,89
Larch 1020 445 1016 252,11 171,89
Fir 5580 1370 484 80,15 15,35
Black Pine 100 72 232 25,00 110,64
Other coniferous 180 162 583 52,63 47,30
Birch 2 600 195 267 47,62 13,39
Beech 17 300 2076 553 50,47 11,22
Pedunculate Oak 13,325 1370 557 31,95 23,40
Sessile Oak 2075 1452 332 53,38 11,00
Black Alder 6 700 563 517 50,23 0
Small-leaved Lime 300 142 135 96,56 0
Other deciduous 740 121 499 21,92 4,55
Total 219 100 17203 9795 1263,40 698,93
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Table 3. Proportion (in %) of different category of FRM in seed base (2004)

: Populations of Seed orchards
Species known origin Selected seed stanc seedling seed
orchards

Pine 82,0 8,0 10,0 0,0
Spruce 58,0 30,0 2,0 10,0
Larch 35,0 10,0 47,0 8,0
Fir 58,0 37,0 3,0 2,0
Other coniferous 11,0 40,0 27,0 22,0
Mean 73,0 13,0 12,0 2,0
Birch 79,9 12,3 7,8 0,0
Beech 74,6 25,4 0,0 0,0
Pedunculate Oak 100,0 0,0 0,0 0,0
Sessile Oak 95,1 3,9 0,0 0,0
Black Alder 91,9 5,9 2,2 0,0
Small-leaved Lime 88,2 1,8 10,0 0,0
Other deciduous 100,0 0,0 0,0 0,0
Mean 90,1 7,0 29 0,0
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Table 4. Number and localization tle testing plots for mother trees

REGIONAL SPECIES
DIRECTORATE
=
Biatystok 24 12 8 2 4 50
Gdansk 8 4 2 4 1 21
Katowice 12 8 4 2 2 2 2 2 34
Krakow 2 8 8 2 4 1 2 2 37
Krosno 4 2 4 8 2 4 1 2 27
Lublin 2 4 2 2 1 2 4 25
Lodz 8 1 1 10
Olsztyn 16 1 1 2 2 22
Pita 8 2 1 1 1 2 1 16
Poznan 8 2 2 2 1 15
Radom 4 2 4 2 2 1 4 19
Szczecin 16 2 4 1 31
Szczecinek 8 1 16
Torun 16 1 1 1 25
Warszawa 4 2 6
Wroctaw 4 4 8 2 2 2 22
Zielona Gora 4 4
TOTAL 160 36 44 24 16 28 20 16 12 24 380
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Table 5. Number and localization the testing plots for seed orchards and seedling seed orchards

SPECIES

DIRECORATE
?;ESE?TTSE PINE SPRUCE LARCH FIR +| .DFIR | ‘B.PINE BEECH P.OAK S.OAK | BIRCH| LINDEN | ALDER
2 2 1 1 1

Bialvstok
Gdansk 2 2 1 1 1 1 8
Katowice 2 2 1 1 2 1 1 2 12
Krakow 2 2 1
Krosno
Lublin
1.6d7z
Olsztvn
Pita
Poznan
Radom 2 2 1

REGIONAL

N NN NN
I
—
I
I

\]
—_
—_
—_
—_

5

Szczecin 6
Szczecinek 1 1 1 1 1 5
7

3

Torun

2

Warszawa 1 1 1
Wroclaw 2
1

Zielona
TOTAL 24 8 1C 8 8 8 8 8 8 8 4 8 11C
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Seed Orchard Management Strategies for Q@oyment of Intensively Selected Loblolly

Pine Families in the Southern US

Steven E. McKearTd Davis M. Gerwig, W. Patrick Cumbik and J.B. Jett

Operational family block planting with loblolly pinePifus taeda L.) was begun by
Weyerhaeuser Company in the mid-1970’s (Gladstone 1981) and has been one of the most
significant forest management decisions made sotithern pines. After more than 30 years,
planting of individual open-pollinated familiesycamore recently full-sib families and clones,

has become standard practice in the soutbeited States. In the early 2000’s, 59% of the
loblolly pine plantations wereestablished as sirglopen-pollinated (OP) family blocks
(McKeand et al. 2003). About 80% of thegemeration on company lands was with OP
families, and 48% of seedlings used for market sales were as OP families. Fourteen
companies used family blocks for deploymenftloblolly pine. On average, a company
deployed 47 different families on its own larmjt there was tremendous variation in the

number of families deployed in a region, ramggirom as few as 4 to as many as 90.

Although these survey results have not beatatgd since 2002, the pertage of plantations

established with individual families as oppdsto seed orchard mixes has increased.
Companies sell very few mixed seedlots, ancestgencies have begun to sell individual OP
families. We believe that about 75% of thel@dly pine plantations are now established as

single open-pollinated (OP) family blocks.

In our opinion, nothing has had a greater immacbperational genetic gain than deployment
of individual families of loblolly pine to specifisites. With loblolly pine, deployment is
fairly straightforward; plant the best families the best sites to realize the most genetic gain
(Duzan and Williams 1988). The best familiesddo be the best on all sites within broad
adaptability zones, so more wood productiorreiglized from the combination of the best
families, sites, and silvicultural praatie (McKeand et al. 1997, 2006; Li and McKeand,
1989). Even with the availabilitpf many tonnes of loblolly pe seed available each year
(Figure 1), foresters don’t plant the best fanalyerywhere, since sdetys of best genotypes

are always in short supply and because of diversity concerns.

1 NC State University, Raleigh, NC USArborGen, Summerlie, SC USA
Emails:Steve McKeand@ncsu.edimgerwi@arborgen.coriiVPCumbie@ncsu.eddB_Jett@ncsu.edu
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Figure 1. Cumulative production d¢dblolly pine seed by mmbers of the NC State Tree
Improvement Cooperative. Enough seeds hbgen produced to gt over 30 billion

seedlings in the last 40 years.

Over the last 10 years, seed orchard manawgre had great succeassdeveloping methods

to mass produce full-sib families for operatibpkanting. The gaingrom improved quality

and yield are very impressive when both feenale and male parents are selected (e.g.
Bramlett 1997, Bridgwater et al. 1998, Janssod ki 2004). Figures 2 and 3 show gain
estimates in the MeadWestvaco / ArborGen ingarovement program due to different levels
of selection. The gains in productivity, fiegsim rust resistance (caused by the fungus
Cronartium quercuum f. sp. fusiforme), and stem straightness are most impressive when both
the male and female parents are controlled. foksst managers in the southern US move
almost exclusively to silvicultural regimeés promote sawtimber production (Figure 3), the
improvement in stem quality from lower levet$ rust and better et straightness have

exceptionally high economic value.
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Figure 2. Estimates of genetic gain over unonpd checklots for different levels of genetic
entries from the MeadWestvaco / ArborGen treprovement program in the Atlantic Coastal
Plain in South Carolina, USA. The yellow harfor the average of all 31 parents in the
unrogued orchard. The blue bar is for the agerof the 15 parents in the rogued orchard.
The orange is the mean of 7 OP families tlwate operationally deployed in the 1990’s by

MeadWestvaco. The green bar represemsritban of the 5 MCP families now planted.

Since production costs for masentrol pollination (MCP orCMP) are large, production
characteristics of the parent selections banoverwhelmingly important. When orchard
managers are pollinating 40,000 to 80,000 bags sjichg, production efficiency is critical.
While the genetic quality of the parent traesed for MCP is critical, the morphological,
physiological, phenological, and yield characterss of the trees are extremely important.
Virtually everything in a seed orchard is clgrffowering, susceptiliity to insects, drought,
diseases, animal predation, and even hurredaeage varies tremendously among parental
selections. For an orchard manager to mdkd¥ cost-effective, he or she must understand

these differences and manage thehard and MCP production efficiently.
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gains from controlling both parents are magpressive in MCP families through age 8 years.
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In 2007, the companies that have been nmssucing full-sib seedligs for operational
planting were surveyed to determine hownmalass Control Pollinated (MCP or CMP)
seedlings have been produced. Since 2000, over 94 million full-sib family seedlings have
been planted in the South (Figure 4). i&hhe current annual production of full-sib
seedlings is only about 3% of the tossedling production of the 800,000,000 to 1 billion
loblolly pine seedlings, we anticipate tHatl-sib seedling production will become a much

more significant component of the seedling market in coming years.
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Figure 4. Operational planting of full-sib fédims of loblolly pine has become a reality.
Since 2000, over 94 million full-sib family seedlingave been planted by landowners in the
southern United States.
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Paternal gene flow inCryptomeria japonica seed orchards
as revealed by analysis of microsatellite markers
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Seed orchards, which are stocked with superior tree clones, are important sources of
materials for afforestation. Ideally, such materials should have high genetic value and
diversity. In order to maintain high genetic value of their seeds, rates of contamination by
external pollen and self-fertilization within the orchards should be minimal, while the paternal
contribution of the constituent clones should be roughly equal to ensure the seeds have high
diversity.

Sugi Cryptomeria japonic®. Don) is an allogamous, wind-pollinated conifer species
that is frequently used for commercial afforestation in Japan. To ensure a supply of high-
quality reforestation materials, wind-pollinated clonal seed orchar@s jajponicahave been
established in various parts of Japan by propagating superior clones. In the present study, we
estimated the levels of pollen contamination, self-fertilization and paternal contribution, using
microsatellite markers, in three common and two miniature clonal seed orchafs of
japonica To obtain basic data that could be used to further improve seed orchards, we
attempted the comparison of gene flow data among seed orchards. We analyzed gene flow in
each of the seed orchards and investigated reasons for observed differences in pollen
contamination, self-fertilization and paternal contributions to elucidate the scale of these
potential problems and to help identify possible ways to counter them.

Two types of seed orchards have been established in Japan: common clonal orchards
and miniature clonal orchards (Longman and Dick 1981, Itoo and Katsuta 1986). The latter
type has been used since 1982. Miniature clonal seed orchards are more efficient, owing to
their smaller labor requirements and shorter establishment times. Five clonal seed orchards of
C. japonica(three common types and two miniature types) were investigated (Moriguchi et al.
2005b). The common seed orchards had average tree heights for each clone of about 5 m; the
spacing was 5 x 5 m. The miniature clonal seed orchards had average tree heights for each
clone of about 2 m; spacing was 1 x 1 m. In each seed orchard, crude DNAs were extracted
from needle tissues of all the constituent parental clones and from germinated seedlings
collected from 12 randomly selected ramets. DNA extraction was carried out using the CTAB
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method (Murray and Thompson 1980) and the modified CTAB method (Tsumura et al. 1995).
Thirty seeds per mother tree were analyzed using microsatellite markers in five seed orchards.
We selected microsatellite markers that show high stability and polymorphism (Moriguchi et
al. 2003, Tani et al. 2004). The multi-paternity exclusion probability (Weir 1996) for the
selected markers was high (more than 0.999) in all seed orchards. PCR amplifications were
carried out using the method of Moriguchi et al. (2005b). Paternity was determined by a
simple exclusion method (Moriguchi et al. 2004).

The average proportions of the seeds originating from contaminating pollen in the seed
orchards varied between 35.0 (£3.47)% and 65.8 (¥4.11)%. The high contamination rate
detected in this study was similar to rates reported for other conifer seed orchards of dominant
species (El-Kassaby et al. 1989, Yazdani and Lindgren 1991, Wang et al. 1991, Adams et al.
1997, Burczyk and Part 1997, Stoehr et al. 1998, Pakkanen et al. 2000). The @rea of
japonica forests in the vicinity of the seed orchard (ha) was correlated with the pollen
contamination rate (Table 1). The contamination rates seem to be affected by the rate of
pollens from outside the seed orchard in the cloud of pollen. Because even the seed orchard
located in an excellent environment had pollen contamination levels of about 30%, it may be
impossible to avoid pollen contamination levels below 30% in outdoor seed orchards.

Table 1 Average pollen contamination rates and the area (in ha, and as a percentage of the
total area) of artificiaC. japonicaforests within 3, 5, 8, 10 and 15 km of the five seed
orchards. (Moriguchi et al. 2005b)

radius of 3kn  radius of 5kn  radius of 8kn  radius of 10km radius of 15k@ontaminatio
(ha (%)) (ha (%)) (ha (%)) (ha (%)) (ha (%)) (%)

c-1 612.8 (21.7)  1796.4 (22.9) 3373.5(16.8) 4151.6 (13.2) 6430.7 (9.1) 47
c-2 782.8 (27.7)  1582.1(20.2) 5000.4 (24.9)  7970.0 (25.4)  19770.3 (28.0) 65
Cc-3 8.2 (0.3) 197.5 (2.5) 326.9 (1.6) 476.6 (1.5) 2702.4 (3.8) 35.(
M-1 0.0 (-) 0.0 () 851.7 (4.2) 1521.0 (4.8) 5815.4 (8.2) 40.8
M- 2 585.6 (20.7)  1755.8(22.4) 3918.8 (19.5) 5616.9 (17.9)  15169.2 (21.5) 50

Sp(esn:;lt;)p 0.472 (<0.001) 0.217 (0.096) 0.562 (<0.001) 0.562 (<0.001)  0.562 (<0.001)

The average self-fertilization rates in the seed orchards varied between 1.4 (+0.64)%
and 4.4 (£2.02)%. The number of ramets per clone was correlated with the self-fertilization
rates (Table 2, Fig. 1, Moriguchi et al. 2005b). The self-fertilization rates seem to be affected
by the rate of self pollen in the cloud of orchard pollen. The self-fertilization rate in conifer
seed orchards is thought to be generally less than 5 % (Ritland and El-Kassaby 1985; Rudin et
al. 1986; Goto et al. 2002). However, a much lower self-fertilization rate (0.426%) was
observed in the progeny test (Moriguchi et al. submitted). Therefore, self-fertilization does not
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appear to present a major threat in conifer seed orchards, despite its potentially adverse effects,
as reported by Goto et al. (2005).

Table 2 Average self-fertilization rate, the average rate of ramets derived from one clone in
all ramets and the average rate of self-fertilization in the fertilization with orchard clone.

Self-fertilization The average rate of self- The average rate of ramets derivi
rate (%) fertilization in the fertilization witt from one clone in all ramets

Cc-1 2.2 4.2 24
C-2 14 4.1 2.9
Cc-3 4.4 6.8 4.2
M-1 1.7 2.9 19
M -2 3.6 7.2 4.1
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In the result 05(2 test, paternal contributions to seed production by the constituent
clones differed significantly in all seed orchards (p < 0.001). In spite of the differences in the
types of seed orchard and their locations, the same tendency was revealed for all of the seed
orchards, i.e. about 20% of the clones accounted for about 60% of the total gene flow and
about 30% of total clone made no contribution (Moriguchi et al. 20@imilar results have
been found in seed orchards of other conifer species, siihuwscontortdougl.,Pinus
thunbergiiParl. andP seudotsuga menzeigitanco (Fig. 2, Moriguchi et al. 2005&aternal
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contribution is affected by the male flower production, floral synchrony, distance between
parents, wind direction and pollen competit(Shen et al. 1981, Schoen and Stewart 1986,

Erickson and Adams 1989, Burczyk and Prat 1997, Stoehr et al. 1999, Nikkanen et al. 2000,

Aronen et al. 2002, Goto et al. 2002). In C. japonicatotal male flower production strongly

affects male reproductive success and the inter-tree distance also has some effect (Moriguchi
et al. 2007).

100 —— - ™ T F ] Fig.2 Relationship between

| AN e ]
—_ . ;ign:'a: n® cumulative number of clones
=™ .,.ﬂ'_"l J .
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z | et 1 al. 2005a, in Japanese). The
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& .
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Introduction

Teak (ectona grandis L.1.) is a highly valued timber ggies raised in plantations throughout
the tropics. Clonal Seed Orchards (CSOjaldshed through graftef selected trees are

considered to be channels of genetically iowed seed and starting point for domestication.
India has over 1000 ha of CSOs but seed prooluétom them has been too low to make any
impact on the new plantations or advancingliteeding cycle. Genetic improvement of teak

has not moved beyond the first generabochards during the last 50 years.

Reproductive biology of teak and particular the causes fovloseed production in orchards

has been intensively studied during the past decade. Teak is a predominantly outcrossing
species and insects are the major vectorgallination. Absence of flowering, clonal
variation in flowering phenologgnd pollinator limitation are reported to be the major reasons

for low seed output (Nagarajanal. 1996; Palupi and Owens, 1998; Gunaga and Vasudeva,
2002). The objectives of the pesd study were to quantify floev and fruit production in two
orchards during consecutive years, to estimatiditie variation and its impact on the seed

crop and to determine the factors thdiLience fertility status of orchards.

Orchard Details and Study Methods

Flower and fruit production was estimated dgrifour consecutive years (2003-06) in two
orchards located at Topslip (CSO I: %’ N, 76 50’ E; rainfall: 2080 mm) and Walayar
(CSO II: 17 40’ N; 81 00’ E; rainfall: 1000 mm). CSO | has 15 clones and CSO Il 20 clones
and 13 clones are common between them. Bwthorchards were established in 1976 in a
completely randomized design at a spacing of.5 Two thinnings were undertaken in the
orchards which resulted in an average spaciripah between trees. During the study period
CSO | had 175 trees comprising 6 to 9 ranestsh of 15 clones and CSO Il had 454 trees
represented by 13 to 30 ramets each of 20 clones.
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All the flowering ramets were assessedffower and fruit production following the methods
of Bila et al. (1999). Diameter was measured fortedles every year whiliotal height and
clear bole height were measured only in thst jgear i.e. 2006. Thsignificance of clonal
variation for different traits was determineddngh analysis of variance. The orchards were
divided into four blocks and one random flewng tree in each block was chosen for the
analysis. Broad sense heritabilities on indialdtamet basis and simple correlations were
calculated for all traits studied. Sibling coefficiet),(group coancestryd), status number
(Ns), relative status numbeNf) and gene diversityGD) were calculatedising the methods
of Lindgren and Mullin (1998) and Kang and Lindgren (1999).

Results and Discussion

Fertility was generally low in both the orclarwith the proportion of flowering ramets
ranging from 16 to 53%. Each orchard had one abundant flowering year in which CSO | had
53% of ramets flowering while 39% flowered in CSO II. uiFproduction per hectare of
orchard ranged from 1 to 18 kg in CSO | and 9 to 17 kg in CSO Il. Clones and ramets of a
clone differed in fertility across years and orchards. Only 60%e clones flowered in all

four years in both the orchards. At individual tree level, only 11% flowered in all years in
CSO | and 19.8% in CSO Il while 35% and 52%trefes respectively did not flower any of

the four years.

Clones significantly differed ilower and fruit production perdge. A few clones contributed
more than others and this imbalance wasenpyonounced in CSO Il than CSO | and during
low flowering years than abundaygars. About 80% of floars were produced by 50% of
clones in CSO | in three of tHeur years whereas 40% of cksproduced 80% of flowers in
CSO Il even during abundant flowering yearg(Fl). Broad sense heritability was moderate
to high (0.31 to 0.76) for flower productiontbow (0.07 to 0.35) foffruit production. In
general heritability values were higher low flowering yearsin both the orchards.
Correlation between flower and fruit productionsagirong and positive in each year and also
for the same trait between successive years. Fertility traits showed low and positive
correlation with tree diameter buteakly negative relationshigith height and clear bole
height.
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Fig. 1. Cumulative contribution of gametes bgk clones in two orchds during four years
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Sibling coefficient ¢) and group coancestry®() were higher in low flowering years
compared to good years (Table 1). Betweentito orchards CSO Il showed up to 3 times
more fertility variation than CSO |. As a result status numbgy, (elative status number
(Nr) and gene diversity (GD) we generally higher in CSOthan CSO Il. However in
abundant flowering years the differences iriligy status between the two orchards were

greatly reduced and showed comparabli&rgjlzoefficient and group coancestry values.
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Table 1. Fertility variation ¥), group coancestryd), status numberNs), relative status
number {r) and genetic diversity (GD) fdour years in two teak CSOs.

Topslip (CSO 1) Walayar (CSOIll)
2003 2004 2005 2006 2003 2004 2005 2006
' 1.97 264 149 201 445 6.22 247 226
® 0.066 0.088 0.050 0.067 0.111 0.155 0.062 0.057
Ns 760 5.68 10.05 7.48 450 322 811 884
Nr 051 0.38 0.67 0.50 022 016 041 044
GD 093 091 095 0.93 089 084 0.94 094

The highest fruit production obsed in the present study, 18 kgr ha of orchard would be
sufficient to raise only 5 haf plantations assuming a 30%rgénation. It could be lower

than that if orchard seedgerminate poorly as reported kar (Indira and Basha, 1999;
Mathew and Vasudeva, 2003). The major reason for low fruit production in orchards is a
general lack of flowering. Seed productiameas of similar age idndia have better
proportion of fertile treg (58 to 97%) (Varghese al. 2007). Locating orchards in sites
suitable for flowering and fiting like Topslip (CSO 1) withhigh rain fall and deploying

clones known to have high fertility in similar sitare expected to ireasse orchard output.

Moderate to high heritability for flowers andifts per tree indicate thatproductive traits are
under fairly strong genetic contron teak as reported for dimsions of floral parts and
flowering phenology (Vasudever al. 2004). Tree size (diameter) has low but positive
correlation with fertility traits indicating thagelecting trees based on size will not result in
reduction of reproductive output. But total acldar bole heightlrowed weakly negative
correlation with flower and fruit production. It igported that in teak the first flowering is
terminal which results in forking of the main stem. The early flowering trees have shorter
clear bole length and are usually ignored while selecting plus treesind-ofkhe main stem
results in a wide crown with many positions for floral development and thus making the tree
more fertile than others. The most fertile clame&CSO 1l (SBL 1) had the shortest clear bole
height.

Since fertility variation and group coancestrg anore in low flowering years compared to
abundant years, seed collection may be restritd abundant years only especially if seeds

are collected for progeny testing and other thirege purposes. Intentiohadjusting of ramet
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number to balance contribution of clones anging of seeds from sucssive years may also
reduce relatedness among orchard progeny. Existtitards typically wth 15 to 30 clones
may not achieve the production levels assumtetthe time of establishing them (250 kg*ha
Hedegart, 1976). Seed production areas (SKH#Agh are rigorously thinned plantations can
be regarded as low input breeding optionstéak (Lindgren and We2007). Flowering,
seed production and germination are genenadjorted to be better in SPAs compared to
orchards (Indira and Basha, 1999; Varghesd. 2005). The large number of parent trees in
SPAs ensures that high level of diversity isimtened in the progeny even if the gains are
modest. They can also besaurce of seed for developimgext generation seedling seed

orchards.
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in Finland
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The first seed orchards were establishe&imand in the early 1950’s. However, the large-
scale establishment of seed orchards startéueifate 1960’s, and was completed by the mid
1970's (Fig. 1). The goal was to produce in seetiands all the seed needed in nurseries and
for direct seeding. In allkmut 3000 ha of Scots pin®ifus sylvestris L.), and 300 ha of
Norway spruceRicea abies (L.) Karst.) seed or@rds were established.

Figure 1. First generation seed orchards were established with phenotypically selected plus
tree clones. Scots pine seed orchard in Central Finland photographed in the early
1980'.

Nowadays part of the early seed orchandse already been abandoned and there are 141
(2202 ha) first generation seed orchards remgst for Scots pinena 25 (282 ha) for Norway
spruce in Finland. The total number of plus tree clones grafted in orchards is 5903 for pine
and 601 for spruce. The average number of eldard the average area)an orchard is 139

(15.5 ha) for pine and 75 (10.9 ha) for spruce.
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In Finland almost all of the seed orchardsnofthern Finnish origin were located in the
southern parts of the countryhis was done in ordgo enhance flowang and to achieve
better seed maturation. Whermmés originating from geograaily and climatically limited
areas, and from northern Finland were used in sedthrds established in southern Finland,
it was assumed to achieve phagital isolation beveen the seed orchard clones and
surrounding forests. However, no phenolobisalation has been found, and background
pollination has become a serious problem. praportion of background pollination both in
pine and spruce is often more than 50 %. Taduces the genetic gaiand adaptability of
seedlings when used in areas where the malbees originated. That is why the seed from
the orchards of the northern drigis not utilised as far north as the mother clones were

located (Fig. 2).
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Figure 2. Examples of Scots pine and Norway spruce seed orchards originating from
northern Finland.

All the first generation seed orchards ar#l gt the production phase. Scots pine seed
orchards produce enough seed for all the nunsseyin southern and central Finland, and part

of the seed needed for direct seeding. Because of background pollination the seed produced
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by the orchards of northern Finnishigin cannot be used in tla@eas of mother clones. That

is the reason, why in Scots pine the proportioarohard seed used urseries has been only
from 50 to 60 percent for the last 15 years (RBj although there is plenty of pine seed
orchards and the amount etedlings used for planting sideen reduced substantially.
Situation in Norway spruce is quite differer8pruce seed orchards started to produce seed in
older age than pine orchards, but after geediuction had started the proportion of spruce
orchard seed used in nurseries increased ffdrto almost 80 percent during the 1990’ (Fig.
3). Insufficient flowering together with cored seed damages have been the reason for the

decrease in seed productiduring the last years.

100

75 A

% 50

25 A

e Scots pine

e NOorw ay spruce

1991 1996 2001 2006

Figure 3. Proportion of orchard seed used in nurseries 1991 - 2006.

New generation of seed orchards, established tesited clones, startéal the late 1990'. For

the new seed orchards, the target to produdgbelseed needed in the whole country in seed
orchards was revised, especiatiyncerning seed production fibre northernmost part of the
country and for direct seeding. &lmain target of the so-calldds -generatiorseed orchards

is to produce seed with as good genetic qualitp@ssible. The plan is to achieve this by

using the best 20 % (based on oy tests) of the phenotypicalbelected plus tree clones.

The aim is to produce seed wiglenetic gain aboutO % higher than ithe first generation

seed orchards. Only 20 — 30 clones are used in one seed orchard. The seed orchards for
northern Finland are going to be establéshat more northern locations than the

corresponding first generation seed orchards.

Lindgren D (editor) 2008: Seed Orchard Conference, Umed, Sweden, 26-28 September 2007

197



Figure 4. Scots pine seed orchard 406 (Seppéld) established in 1998 with tested clones.

A new master plan for forest tree sga@duction, made in 2003-2004 by a working group
appointed by the Ministry of Agriculturend Forestry, was based @arlier programmes
carried out in 1989 and997. The task of the new, bobhased working group was to
evaluate the need for forest tree seed in Z0BD, and based on thisadwation to revise the
existing seed orchard programmfnnual need for Norway spruce seed orchard seed for
nursery use was estimated to be 1827 kg, aadfdin Scots pine 542 kg. In addition, 3416 kg
of Scots pine orchard seed is needed for dgeetling. The total seed orchard area needed for
Norway spruce was thus 290 ha from whici 460 ha has to be established, and the total
area for Scots pine was 610 ha from which 160 ha has to be established.

Because of the high establishment costs mg) waiting time for the first crops, seed
production in seed orchard is not a temptinginess investment. That is why the working
group recommended that the state should sul&5dy6 of the costs caused by establishment
of seed orchards (excludingnkh costs) and tendg of young orchards. Also decentralized

seed production strategy, iseveral independent seaaducers, was recommended.
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Finnish Birch Seed Production 1970-2007
Sirkku PAykkd
Forestry Engineer
Finnish Forest Resedr Institute (Metla)
Haapastensyrja Tree Breeding Station
Haapastensyrjantie 34, 12600 Laylidinen, Finland
E-mail: sirkku.poykko@metla.fi

History

Forest tree breeding startedimland by the plus tree seten in 1947 when the Foundation

for Forest Tree Breeding wasunded. Intensive birch breeding svaitiated in a large scale

in the early 1960’s with cssings and progeny tesy. Breeding work was supported by the
plywood industry.

At the beginning of the 1970's the seed prdaurc of birch was revolutionized when the
Foundation for Forest Tree Breeding devetbpgbe plastic greenhouse and the related
growing technique. The first birch seed orchasgse established already at the beginning of
the 1970’s. The Finnish plywood industry supported also this work. All seed orchard seed is

nowadays produced in plastic greenhouses.

Usage of birch

During the 1980’s the use of birsleedlings increased manifold antificial regeneration. At

the same time wood consumption of birch increased in paper industry. In the 1990’s the
afforestation of arable land was financiallypported by state and nearly 100 000 ha of
agricultural land were planted into forest. Tuse of birch was at its height, about 28 million
seedlings in 1992. Also direseeding was introduced as artificial regeneration method
which needs much more seedrtiplant production. (Figure 1.)

In the 2000’s the use of birch seedlings has diminished to about 5 million seedlings. The
support for afforestation of arablend has considerably decreased is finishing at the end

of this year. During the 2000’s the mogsepulation has been vetyigh. Moose is the

biggest obstacle in birghlanting at the moment.
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Figure 1. Artificial regeneration of birch.

Birch seed production

In the 1970’s there were the first three orchards for testing and developing the production
method. In the 1980’s, when the artificial regaien of birch begun to increase, several
new orchards were established. And in 1#980’s during the golden days of birch planting,
there were 18 birch seed orchards in Finlanthe middle of the decade. Record amount is
from 1998; over 300 kg of birch seed was produced in Finland.

In the 2000’s production area has been decdeaseording to the decreasing regeneration
area. At the moment there are seven orchards and five of them will be cut down in a year or
two. The seed stock in storage is quite big asw seed can be produced in 5 years if the
need for birch seedlings gets higher again. (Figure 2.)

In total we have had 34 differeseed orchards in iand so far: 26ilver birches, 6 downy
birches and 2 curly birches. Total amountpodduced seed is 3100 kg! There are about 1
million seeds in one kilo and we can gébut half a million seedlings per kilo.
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Figure 2. Annual seed cropdproduction area of birch.

Birch seed usage in nurseries

Amounts of seed used in nurseries have deece@onsiderably. Even when the artificial
regeneration was in a high lewalthe beginning of the 1990'te seed use in nurseries has
decreased because the growing methods haveweg. At this moment nurseries use only
about 20 kg birch seed per year. (Figure 3.)

The proportion of qualified birch seed used imsauvies is very highin 2005 95% of Betula

pendula and all Betula pubesceseed was qualified. (Figure 4.)
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Figure 4. The proportion of qualifidgktula pendula seed used in nurseries.
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Breeding generations and gains

At the moment seed orchard clones of Betula pendula come mainly froni‘taad2 3’
breeding generations. The cloneBetula pubescens are from thHégeneration.

Tree breeders Risto Hagqvist aildhani Hahl studied the genetic gains of the three first seed
orchards of Betula pendula. The stem voluméheforchard material from Southern Finland
increased significantly by 29% compared to oanstock. Improvement in stem form also
took place: relative stem taper decreased saanifly in the seed-orchard material by 13%.
Relative branch thickness was significantly 10% smaller in the seed-orchard entries than in
the control stock. In new seed orchards quality be even better, because there is more
attention concentrated on di@in clone selections.

Export of the method

Finnish birch breeding and seed productiornveharoused interest also abroad. Seed
production method has been exported in sévemantries like Sweden, Baltic countries,
Iceland, Germany and China.
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British Columbia’s Seed Orchard Program:
Multi Species Management
With Integration To The End User

By

David J.S. Reid, R.P.F.
Manager, Seed Production,
Tree Improvement Branch,
British Columbia Ministry of Forests and Range
Victoria, British Columbia, Canada
David.Reid@gov.bc.ca
http://www.for.gov.bc.ca/hti/index.htm

British Columbia is Canada’s most westend @hird largest province with an area of 950,000
square kilometres, ranges in latitude fromtd®0 degrees, and 95% thike land is owned by
the province. It is ab Canada most ecologically diverseypnce. B.C. is divided into 14
unique ecosystem zones. It uses whatalted a Biogeoclimatic Ecosystem Classification
system to provide resource prs$eonals with detailed inforrtian about the climate, soils,
growing conditions and charaadtic vegetation in each zone so they can be sure
management decisions about forests, rangeladdnaldlife reflect the secial needs of each
area.

The province has 49 tree species (25 corafed 24 deciduous) of which 20 are considered
commercially useable. Seed is very important in British Columbia. In the last 14 years, over
200 million seedlings were planted annuallyn the last three years over 250 million
seedlings were planted while 2007 saw 275 arillseedlings of 23 different species planted
on over 150,000 hectares. The 2007 sowing e@mprised of 3,300 sowing requests from
1,341 seedlots that used 2,493 kilograms of seed.

British Columbia’s tree improvement prograstarted in 1951 with Dr Alan Orr-Ewing
conducting studies with “ifpreeding”. Plus tree selectiondam in the latedl950’s in coastal
Douglas-fir. The first seed dnard was built in 1963 while othepecies were started in the
early 1970's. There are two Biares of the Ministryof Forests and Range (MFR) that are
involved with tree improvement in B.C. Rssch Branch has ningcientists and many
technicians responsible for breegl testing, and satéon, while Tree Improvement Branch
is responsible for seed prodwction six production site extraction & storagat a centralized
Tree Seed Centre, and policydaplanning. Today there are ¥pecies of conifers and 1
deciduous species that are in BC’s traprovement program (see Table 1)
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Table 1: Tree Species of the Biiti€olumbia Tree Improvement Program

Species CommonName #ramets # orchards

1. Pinus contorta var. latifolia Lodgepole Pine 63,260 27

2.Piceaglauca White Spruce 26,280 26

3. Pseudotsuga menziesir menziesii Coastal Douglas-fir 12,775 14

4. Pseudotsuga menziesir glauca  Rocky Mountain Douglas-fil 0,760 9

5. Larix occidentalis Westerharch 4,080 4

6. Pinus monticola Western White Pine 5,440 6

7. Pinus ponderosa Ponderosa pine 1,775 2

8. Tsuga heterophylla Western Hemlock 3,145 9

9. Thujaplicata WesterrRedcedar 1,405 6

10. Piceasitchensis Sitkapruce 1,440 4

11. Chamaecyparis nootkatensisYellow cedarthedges) 22,090 4

12. Betulapapyrifera Papsdrirch 150 2
152,600 113

Every parent in every seed orchard haseeding value calculated from progeny tests and

BC’s seed orchards have an average of 57ngmaia them. Additional progeny test results

will reduce this number in the future; however seedlots must have an effective population size

of 10 before they can be used in reforggtBC’s public land base, so most orchards will

probably maintain an average of 25 to 30 parents.

The contribution of the parental breeding valtes seedlot results in the calculation of a

genetic worth for that seedlot. Genetic worth (GW) can be calculated for volume gain, wood

quality, or pest resistance. GW’s faolume gain range from 5 to 34.

While most of the seed orchards listed ifblEal have been developed for volume gain, some

orchards have also been selected for pessteace against pests such as the White Pine

Blister rust, Sitka Spruce leader weevil, andios rust diseases.Research is finding

resistance against other pestshsas the Mountain Pine Bée deer browsing, and root rot

all of which will one day be incorporated into new seed orchards.

BC has 14 major seed orchard sit&lg, are on the coast and eight are in the interior. Seed

production is also a shared responsibilityoagn the private sector and the MFR. The MFR

has six sites and the private sedbas eight. These sites aredted in three main areas of

B.C.; on the south-east coast of Vancouvemislahe north Okanagaarea of the southern

interior, and near Prince George in the centn&rior of the province.

The coast and

southern interior sites get over 2000 hoursuwfshine per year; the astal orchards receive

around 85 cm of precipitation per year, while thterior orchards receive around 45 cm per

year. The most northerly orchard is locateB4tegrees latitude aePrince George.
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The Forest Genetics’ Council is an advisorgythat provides advice to the Province’s Chief
Forester and has set two major goals:

1. That 75% of all seed used for reforestation in the province is to come from seed
orchards by the year 2105. Currently the province plants over 270 million seedlings
per year and over 50% comes from orchards, so that means around 135 million
seedlings per year are currently produced from orchards and this figure will rise to
around 200 million to meet the goal.

2. The average genetic worth (in volume gaaf)the seed is to be 20% by 2020.
Currently, the average meof the seed orchard production is 14%.

All of the productive capacityaeded to reach these goals has now been established in seed

orchards and just need time totora to the seed production age.

The key to making this program work is a vetguctured businessid strategic plan.

The province is divided into multiple seed planning zones for each species. These zones,
when classified elevationally are called s@éhning units (SPU).Seed planning units are
geographically distinct areasathform the basis for genesmirce management, including:

tree improvement (breeding, orchard crop prodng, seed transfer (areas of use),
monitoring and gene conservation. SPUs aredhasespecies (see figure 1), ecological zone,
elevation, and, in some cases, latitude baBdC. has 90 SPU’s of which 50 have been
selected for inclusion into the business plamere are seed orchards for 37 SPU’s while the
balance of the zones are included in the plangdaecological or conservation purposes. For
some species in some SPU’s there are multipteavds on different sites due to historical

development or ownership patterns.

The sites are generally multi- species sites Jdhgest Ministry site is about 35 hectares and
20,000 ramets (see figure 2) whilee largest private site is 8tectares and 40,000 ramets. In

total, the fourteen seed orchard siteser just over 400 hectares of land.
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%@gyﬁ; Figure 1: Interior Spruce Seed Planning Zones

Figure 2: A 35 hectare site thiaas ten seed orchards ofdéarspecies. Each seed orchard
produces seed for a different Seed Planning URiftis site and threethers were developed
on grasslands while most other sites were derived by clearing forested areas. Tree spacing

varies by species: Lw: 5m x 2m, Sx: 5m x 3#ti; 5m x 4m and 7m x 3.5m, Fdi: 6m x 3m,

Pw: 6m x 4m.
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Managing multiple species means that pollinaseason lasts for 5 months as the individual
species have different physiological developtabtimes. Red cedar pollen season starts in
February and White Pine in mid June withe other species in between (Figure 3).
Supplemental mass pollination (SMP) is usedquently in young or oldrchards where there

is an insufficient internal pollen cloud to enswcones maximize their filled seed potential.
SMP is also used to help boost the genetighwof seedlots by applying high breeding value
pollen. Controlled pollination idone operationally in B.C. se@tchards but not on a large

scale due to the high labourst®f this technique.

Figure 3: Multi-Species Pollen Management runs from February to June

British Columbia MFR employs three cone and seed entomologists to help control insect
problems at the seed orchardsl @onduct research into new pe#tat constantly appear and
develop integrated pest manageterograms to help control poidilons as thability to use

and availability of registered pesticides shrinlEntire seed crops can be lost if staff are not

vigilant.

Cone harvest can start in July for Interspruce and go into December for Lodgepole pine.
Since the first seed orchard cone cnod 976, and not including the 2007 crop, over 15,240
kilograms of seed have beproduced from BC seed orchards. This is enough seed for over

two billion seedlings.
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Most cones are sent to the Provincial T8eed Centre (TSC) (celebrating itd"&thniversary

in 2008) for seed extraction, testing and steradthough there are tlegrivate extractories

in B.C. Itis a provincial requirement that sied to be used in public land reforestation must
be tested and stored at th6C. Approximately 70,000 kilograms of orchard and wild seed
are stored at the facility. Betion of seed by the forestepmpanies for their sowing requests
is done through an online comptzed catalogue ordering systeailed the “ Seed Planning
and Registry” system (SPAR) maintained by MiER. It is provincialpolicy that all public
land must use seed orchard see®W 5 or better first if it imvailable on SPAR before wild
stand seed can be used. The cost of seedrdrseed varies by spesie The provincial or

domestic price list appears in Table 2 below:

Table 2: British Columbia MFR Domestic Seed Price List

Species Cost / Kg($CAN)

1 Dougladir $3,850

2 RedCedar $6,500

3 Lodgepolgoine $6,300

4 Spruce $4,400

5 WesterrHemlock $5,500

6 Westerr_arch $3,850

7 Western White Pine |  $2,500

While the above prices may seem high to some, the incremental cost of using orchard seed
over wild seed translates to approximat®i) per hectare when planting 1,600 seedlings per
hectare. There are also many other benefitsitng seed orchard seed. In the early years of
plantation survival, orchard seed grows fasted thus may eliminate the need for costly
brushing and weeding treatmentatthan cost over $1,000 per teget per year. Seed orchard
plantations will also reach “free growing” soonehich is a regulatorglesignation that will

permit adjacent timber to be harvested. Theere is the benefit of producing more timber
volume faster and reducing rotation ages. Tdss benefit is where the use of seed orchard
seed is a major benefit to the end users . Bvhich are the forest company licensees that

operate on the public Timber Harvest Land Base (THLB).
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Timber supply in BC is calculated on 71 marnageat units called timber supply areas. The
Chief Forester sets the Allowable Annual CMAC) and is reviewed every 5 years. As the
source of the seed pladteut is tracked in a databaseisita matter of tracking the genetic

gain of the seed used and inputting thiadato a managed stand growth model.

Data is then run through forest estate modeld other considerations to arrive at an AAC
determination. The volume gain from using seethard seed is repmsted in Figure 4. A
base case is calculated without using improseeld and then run using improved seed. The
resulting difference can be seen in the higher lifikis is volume that is available for use to

the licensees.

Figure 4: Impact of orchard seed use on timber supply forecasts

Arrow TSA — Nelson Region

Base analysis —— Base plus orchard seed

Volume (' million m3)

Decade

Data: E. Wang and |. Lister, 2000

The use of seed orchard seed in this TSA hampact on the timber flow as early as decade
three.

Calculating AAC’s in B.C. has been chaligng since the Mountain Pine Beetle (MPB)
insect infestation has been attacking the Lpdig pine forest of BC since the mid 1990’s.
The normal cold climatic conditions that norngationtrol such outbreaks have not occurred.
Thus, as of 2007, the outbreak has killed ovét & the Pli on 10 million hectares (Figure 5)
and when the outbreak is expected to finish around 2013, it will have killed over 80% of the
Pli over 13 million hectares or an estimated bifleon cubic meters of wood. The insect has
not behaved according to its normal pattern which is to normally attack mature and over

mature timber. Due to its outbreak size ittiaeking trees as young as 15 years old. This has
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serious long term implications for timber suppt BC. BC’s seed orehrds were never sized
to meet this extra need, so reforestation oflbdalied areas is being done with wild stand

seed. Thus volume gains will no¢ expected in these areas.

Figure 5: An example of the widespread Mountain Pine Beetle infestation killing Lodgepole

Pine in British Columbia’s forests.

Climate change is a global concern. Studmsducted at the University of British Columbia
Centre for Gene Conservation have outlined kemperatures in B.C. will shift over the next

70 years and the impact this may have oneitesystem zones (see Figure 6). Species will
shift also and where some species may inerédasir potential range, other species range will
decrease (see Figures 7 & 8). This presdidsnmas to forest managers who must decide
what seed source to plant now that will survive the anticipated upcoming climate change.
SPU boundaries will change and seed orchavds have to change as well. B.C. is
implementing a new range of multi-species test plantations over 18 locations around the
province that will help guide decision makensd indicate a course of direction. However,

we may not be able to wait for the data todmalyzed as the trees we plant today must
survive for the next 60 to 100 years dependipgn location. One course of action that is
being considered is what is called “facilitatedyration”. This is where, for example, instead

of using 100% of the seed for a defined SPU, aagar will start to include seed from either
lower elevations or more southerly latitudesnfr other SPU’s. As the first ten years of a
plantations survival is the most fragile, thisucge of action is not without its risks. To do
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nothing also appears to be risky, so thg kgestion will be “when to implement new

strategies and actions?”

Figure 6: Prediction on how climate changeynrapact the ecological zones of B.C. from

the current zones to a prediction for the year 2085.
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Figure 7: The top diagram indicates the curmamige of Ponderosa Pine in 2007 while the
bottom diagram shows the potential range in 2085.
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Figure 8: The lower figures are the currant predicted ranges for White Spruce.
(from Hamann and Wang 2006, Ecology).
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Pest insects and pest management in Swedish spruce seed orchards

Rosenberg, O. & Weslien, J.

The Forestry Research Institute of Sweden (Skogforsk)
Uppsala Science Park

SE-751 83 UPPSALA

Extended abstract

In Sweden, seed orchards are established to produce high quality seeds for
reforestation. These seeds not only have a high market value (currently ¢ 1100 Euro/
kg), but trees derived from these seeds ensure higher increment and better wood
guality than do trees that originate from seeds collected in the forest. Seed production in
Norway spruce seed orchards is far below the demand. One reason for the low and
unpredictable seed production is damage caused by insects. Among the most serious
pests are three lepidopteran species, Cydia strobilella L., (Tortricidae), Dioryctria
abietella Den. et. Schiff.(Pyralidae), Eupithecia abietaria, Goetze (Geometridae) and
one dipteran species, Strobilomyia anthracina Czerny (Anthomyiidae). Since 1996 we
have been working with pest management in seed orchards. In trials 1996, 2000, 2002
and 2003 we used Bacillus thuringiensis var. aizawai x kurstaki, active against
lepidopteran species. We found that this biological insecticide reduced damages of D.
abietella and E. abietaria from about 60 % to 20 %, but did not affect C. strobilella. In
order to reduce damage of all insects we started trials with injections of systemic
insecticides (mainly imidacloprid and abamectin). Due to low densities we could not
evaluate the efficacy of the insecticides against C. strobilella and S. anthracina, but
according to preliminary results, D. abietella and E. abietaria were reduced from about
25 % to 10 %. In 2007 we have injected higher volumes in order to achieve greater
damage reductions. During 2007, we have also monitored D. abietella using a new
pheromone formulation. In the traps we found almost exclusively this species which
indicates that it could be possible for the seed orchard keeper to use this pheromone in

order to decide if and when pest management should be used.
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New Swedish Seed Orchard Program
Ola Rosvalt and Per Stafl

'Research DirectdiSenior Researcher,
Skogforsk, The Forestry Research Institute of Sweden, UameBUppsafa Sweden
Swedish forestry is now gradually switng their seed source of Scots piRen(s sylvestris L.)
and Norway spruceP{cea abies L Karst.) from the first to the second round of seed orchards,
and at the same time in cooperation establish#srd set of orchards. Tree breeding enhances
genetic gain in wood production by about 10% e&fyyears, which fits well with the planting
of new seed orchards at the same inten&lgedish orchards reach full seed production after 15

years and have a life span of approximately 40 years.

Generally, at present, 25% increase in long-termod production per unéarea can be reached
with new seed orchards. By 202020 a gain of 35% can kechieved. Norway spruce will
proceed more rapidly than Scots pine sinaanal testing is applied in the spruce breeding
program. About 40% pollen contamination iroguction seed orchards and up to 20% natural
regeneration in planted stands causedized gain to vary between 16 and 28%.

There are 14 seed zones for each of Scots pidéNarway spruce. An ordinary seed orchard is
made up from 25 clones, which are deployed ghér frequency the greatthe breeding value.

The genetic diversity corresponding to at least status number = 15. Scots pine orchards are
planted at 3 m spacing within rovas$ a distance of 7 meters. &kree rows are regularly pruned

into hedges where the first cutdarried out when they haveached 3 m height. Spruce orchards

are preferably planted at 2.5 bynrspacing in order to enhancelgaeed crops. They are later
thinned to 5 m within-row spacing. The tree t@ve cut off after mast years, whereupon new

leading shoots will regenerate.

The third round of orchards is estimatedctst $12.5 millions including establishment and
management until the first seep. This corresponds to $0.0685005 per seedling or $0.08

per additional cubic meter of wood produced. Thernakrate of returis estimated to 7%.
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There is a tradition in Sweden to run seed ardh in cooperation. In the 3:d round of orchards
the forest owners’ associations in Sweden ave peatners among the large forest companies, the
national forest enterprise, amtdependent forest nurseries. Eacdtiaborator owns his share of
an orchard, which is managed by an entreprengenerally a forest msery. To facilitate
efficient administration cooperatios carried out in tiee regional groups. Skogforsk initiated the
national program, produced the basis for denisnaking, and is coordinating the program under

supervision of a board of representati from the three cooperative groups.
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Comparison of seed orchard and standeed of Scots pine in direct seeding

Seppo Ruotsalainen
Finnish Forest Research Inste, Punkaharju Research Unit
Finlandiantie 18, FI-58450 Punkaharju, Finland
Background

Direct seeding of Scots pine is an important forest regéoa method in Finland. Annually
some 30 000 ha of forest isgenerated by sowing. This comprises more than half of Scots pine
cultivation and about 1/4 of allt#icial regeneration. Inotal Scots pine hdseen sown on an area
of 2.1 million hectares.

Direct seeding is mechanised to a high degtn 2005 sowing by machine in connection to
soil scarification was done on 69 % of all sowsrga. The easiness in mechanisation and lower
costs (< 50 %) compared to plamgtihave helped to maintain tlnount of direct seeding at a
rather constant level.

Sowing consumes great amounts of seed. In 2005t 8500 kg Scots pine seed was used for
direct seeding, when at the satimee the nurseries used only 475 kgAbout 1/3 of the Scots pine
seed used in direct seeding is produced in seelhrds. There has been discussion whether this
proportion should be increased. In order to find oatukability of the seed orchard seed in direct

seeding a research projectsaaitiated at Finnish ForeResearch Institute in 2002.

Study methods

The study was accomplished by establishing fiedgdeements where seed lots from several
seed orchards were comparedstand seed lots in three yed2902 — 2004) at four localities in
southern and central Finland (in timst year only at two localities).

The experimental material contsid of 4 stand and 7 seed aaoth seed lots. However, only 2
(stand) and 5 (seed orchard) of them were esgmtative to their respective groups and were
therefore used for the comparison between thestypke other seed lots were used to study the
relationship between seed chaeaistics and seedling establisant and growth. Sowing was done
on scarified mineral soil on shallow holes mdnjea special tool. 16 seeds were sown on each
sowing spot and covered with arthayer of mineral soil. Thexperimental design was randomised
blocks with one sowing spot of eaehtry in each of the 30 blocks.

The seedling establishment was monitored #rel height of the tallest seedling in each
sowing spot was measured at the end of eachiggoseason. As the germination rate was high (55

% on the average in the firsttamn) it was difficult to count # exact number of the closely
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spaced seedlings, when they grew bigger. &floee the success of seedling establishment was
expressed as the proportion of sogvspots with at least 4 seedlingkere the results of inventories

after three growing seass are reported.

Three year results

There was great variability between seed Mtthin each seed type as regards seedling
establishment rate, so no general conclusiondbeatirawn from single seddts. Due to mortality
the proportion of sowing spots with at least foeedlings decreased between the years, especially
from first to second autumn.

Seedling establishment did not differ statisticallynificantly betweeneed orchard and stand
seed lots, although the proportion of sowing spots waftleast four seedlings was slightly higher
with seed orchard than stand seeds (75 and 7i2$8pectively). However, when comparison was
done on the basis of germinable seeds or equahiveif seeds, the starsed was better than
orchard seed (neither these differences were titatlg significant). In two experiments there was
a pronounced tendency for seed archseed lots to improve theaelative seedling establishment
from year to year. It is possible, that thizve®pment was caused by frdstaving, as the climatic
and/or soil conditions in these exeents were favourable for it.

The seed orchard seed lots had on the ageBfig% greater height €lght of the tallest
seedling in the sowing spot) than the stand setd(ibe difference was atistically significant)
(Fig. 1). This relative difference remained ratha@bbt from year to year. In one experiment there
was a deviating development, which led in third autaonimferior height oeed orchard seed lots.
This experiment suffered from heavy easlymmer frost in the second growing season.

There was a clear tendency for those seed Watls smallest seedlings to have greatest

decrease in number of seedlings betwe8mad ' autumn.

Conclusions

No general superiority of seeuchard seed lots in seedliegtablishment could be observed
in these experiments, but the ségaks were approximately equalidtpossible, that the conditions
for germination and early development were rafagourable in these experiments, and therefore
differences in seedling establishment were nas@nt, as in many earlier studies in Sweden.
However, the observed dependence between seaitti@g@nd decrease inesking number can be
an indication of selection favomg bigger seedlings, which can ldadetter plant establishment of
seed orchard seed lots at a higher age.
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In height growth the seed orchard seed lots vgeperior to the stansked lots as has been

shown also in earlier studies. This height sigpity was greater thamommonly obtained with

planted material.
The results show that seed orchard seed can be used in direct seeding and its genetic and

physiological superiority imeight growth is visible in thedid. Measurements in the coming years

are needed to confirm the long teconstancy of the obtained results.
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Figure 1. The average heigtftthe tallest seedling ithe sowing spot of

seed orchard and stand seed iothe first three growing seasons
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Temporal and Spatial Change othe Mating System Parameters

in a Seed Orchard ofPinus tabulaeformis Carr. *

X. H. Shen', D. M. Zhang?, Y. Li" H. X. Zhang®
1 Beijing Forestry University, Beijing 100083. shenxh@bjfu.edu.cn

2 Institute of Shanghai Landscape Gardening Science , Shanghai 200232
3 Chinese Academy of Forestry, Beijing 100091
Abstract: It is more than 20 years, since we started to study flower characteristics and the mating system in
the seed orchards of Pinus tabulaeformis Carr. A number of papers have been published in Chinese journals.

Some results concerning variation of mating system parameters, pollen contamination and pollen dispersal
with enzyme and SSR analysis are summarized in this paper.

Pinus tabulaeformis Carr. is an important tree species for Northern China due to its
extensive distribution, tolerance in harsh sites, rather fast growth and high wood quality. Seed
crops in seed orchards are stable, if insects are controlled. The high genetic quality and ample
yield of seeds in the seed orchard is closely related with the mating pattern of seed orchards.
In order to make a clear picture of the temporal and spatial change in the mating system
parameters, namely outcrossing, inbreeding, selfing and contamination rates in the seed
orchard, as well as pollen dispersal distance, field observation of flower characteristics with
laboratory analysis was continuously carried out more than 20 years (Shen X. H. et al., 1985;

Wang X. R. etal., 1991). Some results with enzyme and SSR analysis are shown in this paper.
Location of seed orchard and progeny plantation
The seed orchard of Pinus tabulaeformis Carr. for field observation and seed sample

collection, is located in Xingcheng County, Liaoning province, China at NL 40°43’, EL
120°34°. It was built in 1974 on a mountain slope of 5°-15°, covering an area of 20 ha. The
seed orchard comprises 49 clones, with systematical design, spacing Smx5m. In 1993 roguing
was conducted and about 1/3 trees were removed. A stand about 50 ha of the same species
locates at 3km away from the seed orchard. The progeny testing plantation derived from the
seed orchard locates more than 3 km away from the orchard.

Seed samples collection

Open-pollination seeds were collected from the seed orchard for 7 years, namely in 1984,

* Financial support partially came from National Natural Science Foundation of China No 30371178
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1987, 1993, 1996, 2000 and 2005, 2006. For study of three different populations seed
samples were taken from the seed orchard, above-mentioned stand and progeny testing
plantation. 5-8 cones were taken from each sample trees, while 8-10 seeds from them were
used for enzyme analyses and 69 to 92 seeds for each of two clones for SSR analysis at 12
primer pairs.

Allozyme and Enzyme System

Horizontal starch-gel electrophoresis, including 10 enzyme loci was applied for both

embryos and endosperm analysis with 10 loci as genetic markers. There were 8 kinds of

enzyme.
. ACP ( Acid phosphatase, E.C.3.1.3.2 ),
. LAP ( Leucine-amino-peptidase , E.C.3.4.11.1 )
. GOT ( Aspartate aminotransferase, E.C.2.6.1.1 )
. PGM ( Phosphoglucomutase, E.C.5.4.2.2 )
. MDH ( Malate dehydrogenase , E.C.1.1.1.37 )
. ADH ( Alcoholdehydrogenase, E.C.1.1.1.1 )
. SKD ( Shikimate dehydrogenase , E.C.1.1.1.25 )
. MNR ( Menadione reductse , E.C.1.6.99.2

Each of the first six enzyme possesses one locus, while the remaining two - two loci for

every one (Zhan C. X. & Li Y., 1999).

Primers and SSR-PCR reaction system

Selected SSR primer pair sequences

Locus Primer-sequences Repeat motif Bands
RPTestl1 F)AGGATGCCTATGATATGCGC (CAT)7 5
R)AACCATAACAAAAGCGGTCG
PITX2123 F)YGAAGAACCCACAAACACAAG (AGC)8 7
R)GGGCAAGAATTCAATGATAA
PITX4001 F)CTATTTGAGTTAAGAAGGGAGTC (GM15 8
R)CTGTGGGTAGCATCATC
PITX3116 F)GCTTCTCCATTAACTAATTCTA (GTT)10 10
R)TCAAAATTGTTCGTAAAACCTC
PITX4011 F)GGTAACATTGGGAAAACACTCA (GT)20 7
R)TTAACCATCTATGCCAATCACTT
F)ACTAAGAACTCTCCCTCTCACC (ACAG)3AGGC 8
RPS160
R)TCATTGTTCCCCAAATCAT (ACAG)3
Cigssr124 F)AAAATGGGTCATGTCATGT (GT)36 8
R)CATTCTCCATCTCACTACCTAT
PR203 F)TGGGACCCCATATTCTGATG (GA)14 10
R) CATTCCACTAGTTCTCTCGCAC
PR4.6 F)GAAAAAAAGGCAAAAAAAAGGAG (CA)21(TA)6 7
’ R) ACCCAAGGCTACATAACTCG
PROI1 F)TGAGGAATCCATTGACATGC (CT)21(CA)8 8
R)TGATCCGTGTGATCATCTTATG
RPTest] F)GATCGTTATTCCTCCTGCCA (ATA)7 6
R)TTCGATATCCTCCCTGCTTG
PITX2146 F)CCTGGGGATTTGGATTGGGTATTTG (GCT)21 7

R)ATATTTTCCTTGCCCCTTCCAGACA

12 primer pairs with abundant polymorphism bands were selected and the SSR-PCR
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reaction system was established. In 15uL PCR reaction: 30 ng DNA, 0.25 mmol / L Mg2+,
0.2 mmol/L dNTP, 250nmol/L Primer (F), 250 nmol/L Primer (R), 0.375U Taq polymerase
are the best. Detected by 6% polyacrylamide gel, the length of amplification products was 100

- 250 bp, the number of alleles per locus was varied from 5 to 10 (Zhang D. M. et al., 2007).
Data analysis and programs applied

Inbreeding, selfing rate of both single loci and multilocus are estimated with Ritland mix
mating systematic model MLT (Ritland, 1990). Pollen contamination rates in the seed orchard
were predicted with GENFLOW, written by Adams et al. (Adams, W. T. and J. Burczyk. 1993.).
For paternity analysis CERVUS, written by Marshall was applied (Marshall, 1998;

http://helios.bto.ed.ac.uk/evolgen).

Results

1 Mating system parameters

The variations of mating system parameters in the seed orchard over time, space and for
different clones in the seed orchard were studied. Seed samples were taken in 1984, initial
bearing age; 1993, fruitful bearing stage before rouging; 1996, after rouging; 2000, bearing
age. Result indicates that the multilocus rates of outcrossing (t,,) has no much difference in
1984 and 1993, which is 0.975 and 0.962 respectively. There is a little difference in selfing
coefficient, 0.025 and 0.038 respectively. In 1996 and 2000, outcrossing rates contain some
difference, 0.795 and 0.801 correspondingly; the selfing rates are 0.205 and 0.119
respectively. Seed orchard was rouged in 1993, mating parameters differs markedly before
and after the operation, the rates of the outcrossing decreases from 0.975 in 1993 to 0.795 in
1996, while the selfing coefficient increases from 0.038 in 1993 to 0.205 in 1996 (Zhang D. M.

et al.,2001b; 2004).
Table 1 Mating system parameter inthe seed orchard for different years

1984 1993 1996 2000 mean
Multilocus rates of out 0.975(0.039) 0.962(0.019) 0.795(0.056) 0.801(0.046) 0.883
crossing tm
Difference of outcrossing 0.076(0.028) 0.141(0.035) 0.341(0.052) 0.239(0.040) 0.199
rate ty-t
Multilocus selfing rate 1-t,, 0.025(0.000) 0.038(0.019) 0.205(0.056) 0.199(0.046) 0.117

Note: Numbers in brackets are estimated standard errors, the same below.
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Distribution of clones with different rates of outcrossing

The distribution of clones with different rates of outcrossing at different stages of the
seed orchard is shown in Figure 1. There were 17 flowering clones in 1984, for 11.8% clones
the outcrossing rate ranged 0.4 - 0.6, while the rates higher than 0.8 account for 82.4%. In
1993, there was no clone with the rates lower than 0.6 for total 34 clones in the seed orchard
before rouging, while the rates higher than 0.8 accounted for 88.2%. Clones with the rates of
0.2 - 0.4 and 0.4 -0.6 respectively accounted for 8.3%, 6.7% and 20.8%, 13.3% in 1996 and
2000. Clones with the rates over 0.8 accounted for 54.2% and 40% in 1996 and 2000 as well.
It shows that the thinning management apparently affects the mating parameters in the seed

orchard (Zhang D. M. et al., 2000).

100 [

80 [

60 |

40

20 [

1984 1993 1996 2000

Figure 1 Distribution of clones with different outcrossing rates for four years

Outcrossing rates for three layers of crowns

Seed samples collected in 1987 were analyzed for this purpose. In general the outcrossing
rates for seeds from upper crown are slightly higher than those from middle and lower
positions (see Tables 2 and 3), although they are slightly various for different ramets-clones

(Zhang D. M. et al., 2004).

Table 2 Outcrossing & selfing rates for diferent layers of crown on an average

Top Middle Low Mean

Rates of multilocus outcrossing 0.910( .098 ) 0.909 (.098) 0.900 (.049) 0.906

Difference of the rates of 0.160( .057 ) 0.044 (.057) 0.040 (.053) 0.081
outcrossing

Multilocus Selfing rate 0.090( .098 ) 0.091 (.098) 0.100 (.049) 0.094
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Table 3 The outcrossing rates fothree layers of five ramets

Clone Upper Middle Lower
A 1.16¥ (0.11) n=46 2.00* (0.00) n=47 1.03* (0.19) n=71
5# 0.83 (0.06) n=55 096 (0.09) n=51 1.02* (0.08) n=48

19% 070 (0.09) n=49 0.63 (0.18) n=52
31# 096 (0.09) n=53 1.27* (0.13) n=50 0.55 (0.12) n=52
434 1.12* (0.06) n=50 0.99 (0.07) n=51 0.87 (0.09) n=51

Note: According to the program stipulation, figures lager one are treated as one; n shows number of
seeds analyzed.

2 Pollen contaminations

Based on comparing enzyme allozyme of clones with the seeds produced the seed
orchard, foreign bands were discovered on locus got2 allele a, lapl a, lap2 a in 1984, 1983,
1996 and 2000; while pgml e - in 1993 and 1996 (See Table 4). It is obvious that the seed

orchard was contaminated by the surrounding plantation (Zhang D. M. et al., 2000).

Table 4 Foreign bands discovered iSeeds produced in the seed orchard

Locus  Allele Clones Gene frequency Locus Allele Clones Gene frequency
1984 1993 1996 2000 1984 1993 1996 2000
Gotl a 0.031 0.025 0.042 0.112  0.050 Acpl a 0.255 0.055 0.381 0.191 0.128
b 0.949 0907 0942 0826  0.899 b 0.459 0.286 0314 0.506 0.725
c 0.020 0.068 0.017 0.062 0.050 c 0.286 0.658 0.217 0.237 0.147
Got2 a 0.000 0.014 0.017 0.158  0.050 d 0.000 0.000 0.053 0.000 0.000
b 0.969 0970 0958  0.736  0.945 e 0.000 0.000 0.000 0.000 0.000
c 0.031 0.016  0.025 0.106 0.005 f 0.000 0.000 0.036 0.000 0.000
Lapl a 0.000 0.010 0.006 0.115 0.014 Sdl a 0.020 0.161 0.107 0.248 0.115
b 0.980 0977 0936  0.722  0.968 b 0.724 0.698 0.862 0.540 0.725
c 0.020 0.013  0.036 0.152 0.018 c 0.255 0.141 0.030 0.211 0.161
d 0.000 0.000 0.000 0.000 0.000 Pgml a 0.082 0.051 0.097 0.025 0.119
e 0.000 0.000  0.000  0.000 0.000 b 0.357 0.327 0.300 0.220 0.468
f 0.000 0.000 0.019  0.000  0.000 c 0.439 0.474 0.481 0.522 0.353
Lap2 a 0.000 0.018  0.045 0.152  0.037 Adhl d 0.122 0.148 0.119 0.202 0.060
b 0.980 0980 0877 0.761  0.927 e 0.000 0.000 0.003 0.031 0.000
c 0.020 0.002  0.045 0.087 0.037 a 0.041 0.125 0.106 0.031 0.156
d 0.020 0.002  0.045 0.087  0.037 b 0.673 0.770 0.883 0.866 0.784
e 0.000 0.000  0.000 0.000 0.000 c 0.286 0.105 0.011 0.102 0.060
f 0.000 0.000 0.034  0.000 0.000

Based on the analysis of 8 enzyme loci for 49 clones and seeds collected from the ramets in the seed

orchard in 1984, 1993, 1996 and 2000, the observed contamination rates are 0.326, 0.450, 0.532 and 0.385,

while the estimated rates - 0.354, 0.492, 0.583 and 0.418 respectively. An average contamination rate is

0.462 (See Table 5). The contamination rate in 1996 is higher than that of 1993. It may be caused by

rouging carried in 1993 (Zhang D. M. et al., 2004).
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Table 5 Estimates of pollen cor@mination in the seed orchard

Correct .
Year Seed analyzed Observed rate . Estimated rate
coefficient

1984 182 0.326 0.922 0.354

1993 149 0.450 0.914 0.492

1996 154 0.532 0.914 0.583

2000 109 0.385 0.922 0.418
Mean 0.462

To examine the contamination rates in different positions of crown, seed samples was taken from one
ramet. The result is shown in Table 6. The rate in low layer is much higher than those in top and mid, but
all the rates are much lower in comparison with the average rates in Table 5.

Table 6 Pollen contamination rate in differet positions of crown in the seed orchard

Layer of Seed analyzed Observed rate Correct Estimated
Crown coefficient rate
Top 186 0.108 0.891 0.121
Mid 255 0.123 0.891 0.138
Low 211 0.243 0.891 0.273
Mean 0.158 0.089 0.177

3 Pollen dispersal and pollination
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Figure 2 The paternity analysis of 20 seeds in the seed orchard with enzyme

The effective dispersal distance of pollen was investigated using enzyme analysis. 89 seed samples
from the seed orchard were examined for pollen-father source in detailed (Zhang D. M. et al., 2001a).
Figure 2 might give some ideas of the pollen dispersal and pollination incident in the seed orchard.
17.8% pollen-father comes within a radius of 7 m from the neighboring seed tree; 24.4%
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approaches within 10 - 20 m; 55% pollen arrives within a radius of 20 - 30 m. The effective
dispersal distance of pollen is less than 30 m. In addition, it demonstrates that pollen-father
sources of 8 seeds for each ramet are quite diverse. For example, pollen sources for clone No
6 (ramet No 14 ) completely derived from clone No 1 at reliability > 0.95; 50% pollen for
clone No 26 (25) came from clone No 31; 62.5% pollen for clone No 20 (1) — clone No 47,

while for most of ramets, namely clones No 2 (13), No 9 (6). Nol13 (33). No 16 (44), No 17

(4). No 37 (46) and No 41 (45) pollen-father derived diversely. In some cases pollen-father of
8 analyzed seeds originated from 6 clones.

The results with SSR analysis of open-pollinated seeds for two clones No 11 and 24 is
shown in Figure 3. 11.1% -12.8% of pollen-father comes within a radius of 10 m from the
seed tree; 37.0% - 40.4% within 10 - 20 m; while 17.2%- 22.2% comes within a radius of 20
-30 m from the seed tree. The outcome is all most the same as enzyme analysis.

r". < = HH\
“f Vg \ f .f/ff’““x !
| | 1 AP x

\\iiiy N

Figure 3 The paternity analysis for two clones (left — No 11; right — 24) with SSR
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4 The mating system parameters for three different populations

Natural stand, seed orchard and Progeny testing plantation were examined. The estimated
outcrossing rates of single-loci (ts) and multi-locus (tm), inbreeding and selfing rates are
0.638, 0.821, 0.742; 0.864, 0.962, 0.953; 0.226, 0.141, 0.211 and 0.136, 0.038, 0.047
correspondingly. There are considerable differences in ts and tm among the populations. It
indicates that selfing rate is much high in the natural stand, while the inbreeding rate in the
stand and progeny plantation populations is higher in comparison with the seed orchard (Zhang

D. M. et al., 2000).

Table 7 The mating system parameters for three populations

Natural stands Seed orchard Progeny plantation Mean

ts 0.638(0.049)  0.821(0.044) 0.742 (0.023) 0.734(0.039)

tm 0.864(0.048)  0.962(0.019) 0.953 (0.021) 0.926(0.029)
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Tm-ts  0.226(0.042)  0.141(0.035) 0.211(0.019) 0.193(0.032)

1-tm  0.136(0.048)  0.038(0.019) 0.047(0.021) 0.740(0.029)
F 0.259(0.062)  0.211(0.083) 0.477 (0.029) 0.316(0.058)
Conclusion

Modern technology provides an opportunity to gain an insight into understanding
essential, but invisible fact happened in seed orchards (El-Kassaby,Y. A. & K. Ritland,
1986; .El-Kassaby Y. A. et al., 1989; Harju A, Muona O. 1989; El-Kassaby Y. A. & S. Reynolds, 1990) and
our investigation affords some idea about temporal and spatial variation on outcrossing,
selfing, inbreeding and contamination rates as well as on pollen dispersal distance in a seed
orchard of Pinus tabulaeformis carr.. All these data are theoretical importance for sustainable,
healthy development of seed orchards, although they are not sufficient and not accurate
enough as expected. To fully solve the facing problem we have long way to go. Inaccurate
biology analysis and statistical methods used today should be improved and the study of
mating system in combination with field observation is vital.
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Abstract

This paper 1) briefly reviewedhe history, development argtatus of seed orchard for
different forest species, 2) discussed thificdities or problems and the causes, and 3)
proposed the solutions féurther seed orchard developmentsiouth China. In the last four
decades, many seed orchards were establishedndsit of them were the first generation
with low realized genetic gaiand many were not well maintained. Long-term seed orchard
development should focus on major speciestmiogically public-bendfforests and minor
tree species. The idea of low-input seed omthar particularly ecommended. It is also
proposed that newly growing pate companies should greatly adliite to tree breeding and

seed orchard through their involvement, input or cooperation.

Background

In South China, the first forest seed orcizawere established in around 1964 after few years
of preparation works such as plus tree selectita,selection, materiabllection, grafting etc.

In the first decade, few species were comgd, including Chinese fir (Cheng etc 1996; Qiu

2006) and slash pine (Zhu etc 1993). Chineses fone of the maimvood production species

in South China, while slash pine was introdd into Guangdong, China as early as in 1930s,
and found well adaptive to the local emviment (Zhu etc 1993). From 1975 to 1995, seed
orchard programs were expanded or extendedoi@ species but to the advanced generation
only for few species (Cheng etc 1996;e@hetc 1999; DSOFF 2000; Yang 2001; Sun etc
2003; Qiu 2006). In the last decade, not reallych progress was achieved even though forest
plantation business has rapidigen booming up in the region.

Up to date, most of the existing sem@hards are still in their firgeneration using plus
trees as parent materials, and some m ddvanced generationimg genetic materials
selected from progeny tesidis (Shen 1992; Cheng etc 19@8SOFF 2000; Sun etc 2003; Li
etc 2005; Qiu 2006). Most of the seed orchawése/are located at, owned and managed by
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state-own forest farms and treeeeding bases that are under Idogest bureaus or state-own
forest companies. Technically, they are paof the national & prawmcial tree breeding
programs, and usually planned, designed addisad by forest geneticists from local
universities or researcimstitutes. On the other hand, thestate-own forest farms or tree
breeding bases are often managefiracially independent units.

More than 30 species were once put in sesshards, including pines, Chinese fir,
casuarinas, teak, eucalypts, acaci@astanopsis hystrix, Sassafras tzumu, Taxodium
distichum, Taiwania flousian etc (Shen 1992, 1994; DSOFF 2000; Bai 2004; Li etc 2005;
Liang etc 2006). Some species might be inetudh more than one seed orchard, depending
on the planting or replanting plan early mdmenational or local governments. These seed
orchards naturally differed in areaanagement intensity and output.

Seed orchards were usuallyell designed and plantedccording to the standard
textbooks (e.g. Faulkner 1975; Jiao etc 2004)wds planned that the parental materials
covered relatively wide ranges of the natutittribution although actual plus-tree selection
might not be so. Large amount of the selected genes were colledtegdumsively conserved
in the early established seed orchards. &hesllections were supposed to constitute the
fundament not only for then seed orchastiiblishment but also long term breeding.

Some seed orchards floveer quite early and had goodesleproduction as expected,
providing huge amount of improsteseeds for afforestation orfoeestation. In a slash pine
seed orchard located in south Guangdong, for instahe grafts was pleed out with a total

Fig 1. Seed production over ages for a slash pine seed orchard

planted from 1965 to 1969 angpanded from 1974 to 1978 in
South Guangdong
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area of 60 ha from 1965 to 69, among whichnd 20 ha were planted in 1965 and 1966,
respectively; and an expansion&ff ha with the same geneti@aterials was carried out from
1974 to 1978. The grafts sted to flower at 4-yeanld and produce seed at 5-year old (Zhu
etc 1993). The total seed produoctisteadily increased from 1970 to 1989 (Fig 1). By the end
of 1989, the accumulated seed production was 91,800 kg, which accounted for most of seed
sources for slash pine plantibgfore 1990 in south China. Was also observed that slash
pine grafts had fast growth in cone prodoetduring the period from 8 to 14 years old and
reached peak stage from 15 years. A caribaaangichard planted in 1974 started to flower
at 3-year old and produced 300 kg cone or 15 kg seed per hectareaatdd (Zhu etc 1986).

Many seed orchards or even breeding basae abandoned or converted to other uses
due to poor management, deficient capitaisleeed demand, low profit, high maintaining
cost, land use change or economic developmetitariast decade. Seed orchards might not
have enough budgets from national or provincial funds or indoone seeds for maintaining
their seed orchards (Wang €X606). Most of the early seed orchards aimed at improvement
of growth. It was expected that some genetia gauld be obtained with use of seed orchard
seed (Shen 1992, 1994). It seemed however réwized gain was gerally lower than
expected, if we look into ¢hgrowth rate of plantatiorganted 10 or 20 years ago.

The definition of seed orchard @verse. It is restricted ithis paper to the sense of
conventional or traditional mass-multiplication ggnetically improved seed crops (Faulkner
1975). Almost all of early or extisg seed orchards in south i6& were or a& conventional.
This paper discussed the issuand prospects of seedclmard development from seven
perspectives, and particularly recommended ilopwt schemes for estisghing and managing

new seed orchards.

Ownership
Most of the existing seed orchards werefammed and managed by state-own forest farms or
breeding bases that do not have regtilaancial support from governmental budget or
enough income from selling seeds (Li etc 2005; Wang etc 2006). This has been a key issue for
maintaining or improving seed orchards sie@®nomic reform in the country. Few private
companies may have their own seedhards in the last several years, but they are technically
still supported by the existing dding programs. It could bepected that there will be a
change in seed orchard ownership in the soon future.

Private companies become more and momgortant in managing commercial timber

plantation forests. Desire ofsing improved materials includirggeds in their planting is a
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strong drive for them to get involvement in seedhard development. They may directly buy

seed from the existing seed orchards for tekort time purpose, or operate their own seed
orchards for long run. A fasind efficient way is probably to change ownership through
cooperation in maintenance and improvementhef existing seed orchards, as well as in
establishment of new seed orchards. Privattos should play a major role in breeding

programs and seed orchards, particularly fenmercial plantation species. In the other hand,
non-commercial planting with improved seedshis country’s long-term strategy to increase
forest resources and protect environmenEAN2006). The continuous investment of the

public agencies is thus essential. In &ddi there may appear professional breeding
companies that operate seed ordsgyurely for commercial purpose.

Private sector or professional companiegl@docus on main commercial species such
as eucalypts, pines, Chinese fir, and oflast-growing and high-vakispecies, while state-
own forest farms or breeding bases shouldmpaye attention to species of both commercial
and ecological values. As a most sustai@astakeholder, governmil support is also
indispensable for commercial species. No matteat kind of ownership, a seed orchard may
involve many different partiescluding shareholders, land aer, gene owners, technical
contributors, seed users, local forest burebnesl communities etc (stakeholders). Harmony
cooperation among stakeholderois/iously a key for success of a breeding program as well

as seed orchard management.

I nvestment and infrastructure
It has been a rule of thumb that good infnastires with heavy investment are necessary for
operating a seed orchard (@igeetc 1996; Qiu 2006). These mdtructures include good land,
transportation, irrigation, eleatity etc. High-input is a psymlogical threshold to pass in
planning and establishing new seed orchardbdtn public and privateestors. This has also
been a main cause for instability of the early or existing seed orchards, particularly since
market economic was adopted (Wang etc 20@® the population is large and wide-
distributed, and economic hasepedeveloping so fast isouth China, many early seed
orchards were converted for expansion a@friship, and construction of high-way, residence
and factory. In addition, it eened that the state or proviakpolicy support for funding tree
breeding and research has gradually beenckedt from tradition breeding including seed
orchard to molecular genetics and gengineering in the last decade.

Is low-input seed orchard feasible? | giveeay positive answer, dtast in China and

some developing countries. Ordinary forestlamsljally hilly or mountainous lands in south

Lindgren D (editor) 2008: Seed Orchard Conference, Umed, Sweden, 26-28 September 2007

232



China, should be acceptable, even morigable for producing improved seeds. Irrigation
system is not necessary as rainfalls arellyshah (>1200 mm) and relatively even in South
China (e.g. Cheng etc 1996; CMA 1998). Simfuleest road or access is perhaps enough.
Other infrastructure investments may betnecessary or can just be low.

Technical operations and management casitbple and less costly (Lindgren and Wei
2006). Imagine a seed stand with mother tadmsgnated and deployed as in a seed orchard.
It may be a little bit more expensive to collectitswor cones, but much cheaper in general. It
may be less productive, but the productionyniee well enough for localizing or less
overspreading the genetic materials. Such aitput seed orchard hagher advantages: 1)
less likely to be changed for other purposes, 2) less human disturbance, 3) easy to maintain,
and 4) flexible management. | will furthersduss the potential low-input seed orchard

management below.

Planting species

Main planting species variettuch over time, although largeade planting has never been
stopping in the last few decades (NFA 2006). Scltdinge was more or less political, rather
than scientific, technical or industrial-denaing. Before 1980s, the main planting species
were Chinese fir and pines. In 1980s and teefoid 1990s, the planting was switched to the
southern pines including slash pine, loblopfine and caribaean pine. Since late 1990s,
eucalypts have been predominating over thele/ region. A direct consequence was change
in demand on specific species seed. This ategteat difficulties for maintaining high-input
seed orchards.

Forest industry, particularlglantation business was openedtaprivate sector only in
the last decade. Along with more involvementpoivate sector in forest resources, market
demand will certainly regulate planting species axe sensible and stable structure. This is
very favorable for seed orchard management and development. It can also be predicted that
more species would be considered for comra#lycplanting as market economic develops.

In China, planting is not only adoptefdr commercial plantéons but also for
regenerating or rehabilitatingher types of forests, which is a great drive for seed orchard
development (Li etc 2005). It waliblways be a desire to useproved materials in planting.
Sustainable harvesting withplanting is a development direction, which leads to a more
stable demand on seed orchard seeds. Sexopagution is still the main avenue for many
species, which underlies the basisdeveloping seed orchards.

Lindgren D (editor) 2008: Seed Orchard Conference, Umed, Sweden, 26-28 September 2007

233



Gene resources

Plus tree selection work might not well cowbe natural distribution of a species. Useful
genes in nature might be missed in generatawy planting material$sene stock deployed in

a seed orchard might not well adapt to trenphg region because proper breeding zones or
seed use guidelines were usually not availablés bb early selections were lost, not tested,
or not deployed in seed orchards. Deploymennitilly selected gersewithout testing could
result in high genetic divatyg that was probably unnecesgasince the number of deployed
clones was usually large (AieeR006; He 2006; Hong 2003). IRm contamination was not
much recorded but observable (Lai and Che®i7)}.9undesired for gain but a way to maintain
high diversity. All of these issues should thaexplain low realized gain in plantations.

Early used genes were exclusively kepsé@ed orchards, and many of them might be
lost along with the disappearanck some seed orchards. In the other hand, the natural or
secondary forests of many indigenous spebexome less and less, meaning a rapid loss of
gene resources. It is an urgent task to coesére plus trees early selected, and to collect
valuable genes from the wilds. To conservaegdiversity for futuramprovement and seed
orchard development, we need to consideefficient cooperation thais different from a
tradition one. Private sector should play a mapte in strengthening gene conservation, seed
orchard management and financial supp®hrough cooperation, an effective mechanism
should be established so that the existing gefiections are best used, and the breeding and
seed orchard programs best benefit femhange of the gene resources.

Technically, it is of great potential to expbogenetic gain through intensive and optimal
use of genes in seed orchards. For exotic species, more gene resources are always positive for
generating high gain, such as eucalyptpriovement in China (DSOFF 2000). Early
cooperation with foreign institutes in speca® genes introduction was exclusively carried
out by the state-own institutes such as forashé$a breeding bases, universities and research
institutes. It becomes possible now for prevaector to get involved in such cooperation,

particularly as more and more foreign forest companies invest in China.

Breeding program

Well breeding strategy and/or plarere considered in the beginning for some species such as
Chinese fir and loblolly pineThe corresponding seed orchawdsre established with sound
design, technical input and mayganent. However, such breediand seed orchard operation

usually could not continue as planned, becaifidess seed demand, deficient input and other
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undesired difficulties (Wang etc 2006). For mangaes, breeding work started with a simple
breeding plan, or plus tree selection and seed orchard estabiisirachnical input into seed
orchards was usually not enough to ensure the expected genetic gain. In addition, almost all
breeding programs were initiated and planned by universities or research institutes, but
operated or managed by the financially and adstriatively independeninits such as state-

own forest farms and breeding bases, which was not favorable for effectively sustaining the
breeding programs and improving gains.

A seed orchard is usually part of a bregdprogram. As market economic and private
forest resources further grow, seed orchdegielopment would mainly rely on the genetic
quality of seeds produced. A successful birggdorogram with sound strategy and plan
underlies the technical basis for a seed othath good output. However, most of breeding
programs progressed slowly, or were not systenaateffective to support seed orchards with
high gain, which was obviously inconsisterithwthe potential output. Riate sector is young
in this country, and it is difficult to say now hder they would like tayo with their own tree
breeding programs. A most quick, realistic affiicient way to betterexisting or work out
new breeding and seed orchard programs iftectively integrate the interests of all
potential stakeholders. With improved strategyd plan, most exiag breeding and seed
orchard programs may greatly benefit in teohsustainable operation and gain improvement.

Genetic testing of the breedimopulation materials is aindispensable pa of tree
breeding and seed orchard, whigasically include 4 levels dfials: provenance, half-sib,
full-sib and clonal. While seed-lots with pronance and half-sib structure were sometimes
considered, most full-sibs witspecific crossing d#gn often came witthe second and later
generation breeding. Cloned materials may used alone or combined with a high
hierarchical structure in trials. Half-sib famitsials that should be used to test the general
performance of seed orchard seeds were ofted i selection of parents for the next cycle
of breeding.

Most breeding or seed orchard programs imedlprovenance or halfkstrials, even at
late stage when crossing work could daesily achieved (DSOFF 2000). Some of them had
good materials and experiment agsiFull-sib family or hybrid trials were set up for several
important species, such as eygas, pines, Chinese fir etelowever, only several advanced
generation seed orchards wearstablished. Clone testing dmmes poplar in the last two
decades, but mostly used for screeningesior clones for plantations (DSOFF 2000).
Common issues for genetic trigisobably included too few getie entries (20~30) or test

sites (1~4) for improving the genetic qualitiythe existing or planned seed orchards.
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Sound genetic testing should be emphasinenbtain high gain through improving the
accuracy of genetic parametetiemtes, seed orchard thinning or seed collection, selection of
parents for the advanced generation breedingeed orchard, and deployment of genetic
materials in plantations. Large nbar of genetic entries in trials would definitely increase the
sampling accuracy of genes, and intensitys@lection. Properly ineasing test sites would
reduce the sampling skewness in es@nting normal planting lands.

Mating issue has long been neglected in tesfrefficiency, necessity, operability, cost
etc. Good crossing work was carried out for viEw species such as some eucalypt species
and Chinese fir (DSOFF 2000). Csoy is one of the most dbsand difficult operations in
practice. Systematic mating dgsiwith strong theoretid support is necessafor efficiently
advancing breeding as well as seed orchard. iBhparticularly important when setting up
completely controlled or two or few clonesedeorchards. Open-pollination is still most
realistic for most of species in terms of casd operation. A wide getic base with more
parents or families is more effective for scliegnsuperior seed orahd materials (Lindgren
etc 1997). A mating scheme should be plahhg taking existing genetic knowledge, cost,
operability, genetic testing andleetion, sustainability etc intaccount. This is not easy but a
direction for main commeral plantation species.

Selection of materials for seed orchards gosimed at growth #its such as height
and DBH, but seldom at wood quality and ottraits. It has beerh®wn however that other
traits such as wood density and fiber prop&rould be as important as growth (e.g. DSOFF
2000). Genetic bases for selection were usually fmarticularly thosevith a provenance or
family structure because of low number of gdr Selection methods used such as family
selection and betweeand within-family truncation (H2006; Hong 2003), were usually less
efficient (Wei etc 1998). This was one of timain causes for the low realized genetic gain.
Breeders should properly consider different traits of importance in selection for their final
wood products. Overall gain could markedlyibgroved through properly widening genetic
base or breeding population for intensive selectin addition, selection or use of selections
could be optimized to improve gainydrsity, and/or botin seed orchards.

When there was a demand, seeds from a sebawl were often usad wide planting
range, out of its targeting region. This has baenssue relating to brdimg or seed zone. It
was not considered when planning a seed odgmaither when distributing the seeds (e.g. Xu
and Liu 2002). For example, slash pine se&dsn the earliest seed orchard in south
Guangdong had once been used in more thaprd@dnces (Zhu etc BB). A direct lesson

was that stands or tre€id not perform well with slow growtnd less resistar to insects or
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disease soon after plamgi. This work needs to seriously bensidered in the future. Sound
genetic trials that include rich materials amell cover the planting rage are fundamental for

delineating breeding or seed zones.

Vegetative propagation

Great progress has been achieea mass vegetative propagatitechnology for many forest
species. In China, cutting has been adoptegrapagation of eucalypts, casuarinas, teak,
Chinese fir, pines, poplars, Paulina, etc, asdue culture for most eucalypts, teak, Paulina
etc. Both cutting and tisswilture technology becomes more and more mature, and less and
less costly over years for songicalypts. It is particularlyorthy to note that cutting
materials have exclusively beersed in planting of poplarand main eucalypt species for
some years. Two years ago, some plantersegtdo directly plant eucalypt tissue cultured
materials in their plantations, and raised a high demand this year. It is predicted that tissue
cultured material would replace cuttings in sgrears at least for some main eucalypt species,
such ast. urophylla, E. grandis and their hybrids. This is pbably one of the technological
advantages that China has over other eucalgptting countries. However, difficulties exist

in using cutting or tissue culte technology to mass propagateme species for large scale
planting, such ag. dunnii.

Somatic embryogenesis is atratting direction in tree ggies vegetats propagation.
Progress has been made for maisgpagation of conifer species in some countries. Most of
efforts were restricted to lab research inMfah(Wang etc 2007). Howeneeople see a bright
future in advancing this technology for sompme and other commercial species that are
difficult to root. It is also believed that getation propagation would become predominant in
propagation of planting matials for many tree species.

A seed orchard is needed or survives amhen seed is needed for planting programs.
Asexual material has many advantages over seeltard seeds. Most commercial planters
prefer cloning material. Will vegetative propéiga become a competitar terminator of
traditional seed orchard? Success in vegetaiepagation would no doubt marginalize seed
orchard development in China. A good examplshert-rotation eucgpt species such ds
urophylla, E. grandis, E. tereticornis and/or their hybrids, cimging quickly from seedling
(seed orchard), rooting to tissue-cultured cuttings in the last decade. As vegetative technology
matures for many tree species, seed orchardeexis may highly rely on non-technical legal
regulations that are necess#ny ecological, environmental @ocial concerns. Ecologically

public-benefit forests are quite likely to become finst target of suckegal regulation, using
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seeds or seedlings for replanting or rehabibtatilt would be difficult and unlikely to have

similar regulations for commercial plantation species.

Management

In this part, | would mainly focus on managerskills and technologies that are different
from traditional ones, particularly the idealofv-input seed orchardr breeding (Lindgren

and Wei 2006). First, breeders shibprobably consider sites thate stable and less likely to

be converted to other uses likeuse or factory building. Ordinaplantation lands (hills or

low maintains) should be acceptable. Forestland for ecologically public-benefit may be a good
choice as this type of land islatively stable and less disbed by human according to the
national or provincial regulation&ood infrastructure (transpahd irrigation systems) is not
necessary as discussed above.

Genetic quality of seeds from a low-input seechard should be the same or similar to
those from traditional ones,s@ting from breeding operatioBeed production is not a sole
goal; timber production or ecologicand environmental functiorshould also be considered.
The multi-objectives may properly be adjusetording to the changing demand on seeds,
through control of mother tree detys This is a cost-effective way to set up and secure a seed
orchard. Seed orchard seed crop could beideresd superior over asexual materials in
conservation.

To guarantee genetic improvement, the sg®eetic materials as for traditional seed
orchards should be used, such as selectiaftsgrcuttings, or seedlings. Conventional design
and layout can still be valid (Faulkner 1975aletc 2004), but site topography needs to be
considered. To keep the cost het low, half-sib family seedling®o crossing) or cuttings of
selections are probably good madésj at least for most of mor species. Optimal reselection
or deployment of materials can be employed chsteed orchard to olmehigh quality seeds.

Initial planting density could be relatiyehigh, something between for a traditional
seed orchard and a normal stand or seed stédnhing is considered for both seed crop and
wood growth, and certain number of treesemained to ensure the final wood production.
However, it is flexible for late-stage adjosgnt of the objectives, gending on the need on
seeds. Trees are more like timber production w&ier than fruit trees.ogs of large size are
obtained at a rotation age deliagely considered. Density coak through thinning as well as
tending should also take ecological aveonmental considerations into account.

Seed orchard site should be maintainedsadus of more or less “nature”, with enough

vegetation and less soil disturbarioecontrol soil and nutrition esion. However, it is also
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necessary to minimize the growth competition space and nutrition of vegetation with
mother trees. It is probably feasible to yokleep low layer vegetation between tree rows.
Weeding is only given within certain distarm®und trees, when trees are young or short, and
when seed crop is harvestedriffieing is given togethewith weeding to ensure enough
nutrition supply for tree growth or sepdoduction. Hormone chemicals such assfay be
used to stimulate flowering and seed yield.

Seed crop harvest is difficult not only for lamput seed orchards as proposed, but also
for traditional ones, as manual collectionstdl popular. Mother trees in low-input seed
orchards should be taller. It may be argued dip&trations such as grafting, seed crop harvest,
field layout etc are expensivim the labor-intensive countsdike China, however, the costs
for these operations can still be low. Seeddyjgdr unit area may be low, but this issue can

probably be solved by increasitige area or few more sites.

Conclusions
Seed orchard development has a more than 40kystary in south China. Most of the seed
orchards were in the first, and some in tlaelvanced generation. Many were discarded due to
conversion of land use, less input, no seechad®l, etc. The last decade was probably a
relatively difficult period for seed orchard \adopment. The ownership, concept of seed
orchard including needs of highput and good infrastructure, varying species, and vegetative
propagation technology wereethmain factors that createdffaiulties in developing seed
orchards. The problems existing with gemsources, breeding pmagn and management
were the main causes for the slow progress in seed orchard and low realized gain in
plantations.

Private sector would play @le in improving the existingr future breeding program
and seed production. Asexual materials may be just super and become predominant for
commercial plantations. There exist rooms for seethard even in the future with better
vegetative propagation technology. Seed¢hard should be a good choice for major
ecologically public-benefit forest species antny minor tree species. Low-input seed
orchard and breeding is probalayrealistic alternate with well theoretical support, at least
for developing countries or regions.

A low-input seed orchard does not need good land, good infrastructure, heavy
construction and intensive neing (weeding, fertilizing,thinning, topping, pruning etc).
Besides seed production, it also serveso#®er functions suchas timber production,

ecological or environmental cagrvation, or culturabppreciations. Its pant materials and
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layout should be the same as or similathose for a traditional seed orchard. The initial

planting density may be high, and flexilite adjustment later if needed.
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ABSTRACT

Effective population size as a parameter closely correlating with the genetic and genotypic
diversity of the seed orchard output is an important indicator of seed orchard functioning. It is
determined by the variation of male and female gametic contributions of parental genotypes
(including those outside the seed orchard), influenced by the variation in male and female
gamete production, reproductive phenology, pollen dispersal within seed orchard and other
factors. The assessment of fertility and phenological variation requires labor and finances.
We tested empirically what is the relative importance of these factors for effective population
size (status number) estimation by gradual adding one-by-one in the order of labor
requirements (female contribution, male contribution, reproductive phenology, pollen
dispersal) in three Scots pine (Pinus sylvestris L.) seed orchards in central Slovakia. The
study has shown that in old, fully fructificating seed orchards, effective number of clones is a
satisfactory estimator of the effective population size, but the inclusion of female and male
fertility variation improves the estimate of status number. On the other hand, phenological
variation and spatially-dependent pollen dispersal do not considerably affect Ns estimates and
need not be assessed for practical purposes. In contrast, a young seed orchard proved to be
unbalanced and phenologically not synchronized; consequently, effective number of clones
was a poor estimator of the effective size and status number was affected by all factors (male

+ female fertility, phenology, spatial design)

Keywords: Pinus sylvestris, seed orchard, effective population size, status number,

phenology, pollen dispersal
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INTRODUCTION

In contrast to seed stands, clonal seed orchards generally contain a limited number of
genotypes. However, the seeds they produce are used for reforestation of large areas. In
Slovakia, forest reproductive material of European larch and partially Scots pine is almost
completely limited to seed orchard seeds. Great attention must therefore be paid to the
genetic composition of seed orchard crops.

Panmixis is frequently taken as a reference of functioning of seed orchards. An ideal seed
orchard should function as a randomly mating Mendelian population, i.e. probability of
mating for any pair of the population members should be independent of their genotypes (no
mating preferences, equal fertility) and equal viability of all produced offspring zygotes.
These conditions are known to be frequently violated in seed orchards, mainly in clonal seed
orchards. Clones can be represented by different numbers of ramets with different fecundity,
what produces variation in the numbers of produced male and female gametes. Differences in
floral phenology may cause unequal probabilities of mating between particular parental pairs.
Genetic incompatibilities (including self-incompatibility) result in different viability of
embryos, e.g., in Scots pine, viability of selfed embryos was observed to be only approx. 30%
as compared to non-inbred ones (Yazdani & Lindgren 1991).

Genetic marker studies performed during the past 30 years have considerably contributed
to our understanding of mating processes in seed orchards. They generally showed only small
deviations of genotypic frequencies from the Hardy-Weinberg expectations and low levels of
self-fertilization in conifer seed orchards (citations). On the other hand, significant shifts in
allele frequencies between seed orchard and its offspring, proving deviations from panmixis,
have also been reported (Gomory & Paule 1993). Nevertheless, marker studies are too
laborious and too expensive to be operationally performed in every seed orchard to provide
information on the genetic diversity in seed orchard outputs for management decisions.
Various types of effective population sizes (based, however, on a priori assumptions about
the mating process) are most frequently used for this purpose.

The concept of effective population size is characterized by two principal features: a
concept of an ideal population, which generally is a panmictic population, and a characteristic
variable, such as inbreeding coefficient, coancestry, or variance of gene frequencies
(Gregorius 1991). Kjer & Wellendorf (1997) provided a good overview of effective
population numbers and their specific meanings in case of clonal seed orchard crops.

Lindgren et al. (1996) developed status (effective) number, which refers to the concept of

Lindgren D (editor) 2008: Seed Orchard Conference, Umed, Sweden, 26-28 September 2007

243



group coancestry (@), i.e. the likelihood that two genes taken at random from the gene pool
are identical by descent. Status number is defined as half the inverse of group coancestry (N
= (0.5/@). It measures the number of equally fertile clones in an ideal seed orchard that —
following random mating in the seed orchard progeny — gives raise to the same amount of
inbreeding as will be experienced following random mating in the present seed orchard
progeny.

The simplest estimator of the effective population size of a clonal seed orchard is the
effective number of clones, reflecting the variation in the numbers of ramets representing
individual clones in the seed orchard. It is based on the (unspoken) assumption that all ramets
contribute equally to the offspring, or, more exactly, that the contribution is not clone-
dependent. As this assumption is not realistic, the potential parental contributions of
individual clones have frequently estimated in seed orchard studies. The most easy-to-assess
parameter is the female fertility, mostly estimated based on cone crop (number or weight of
cones), eventually seed crop. Male fertility based on male strobili scores (what is, however,
more labor-demanding) has also been frequently assessed (El-Kassaby & Cook 1994, Muona
& Harju 1989, Kjer 1996, Kjer & Wellendorf 1997, Reynolds & El-Kassaby 1990). Less
often, the role of reproductive phenology was recognized (Askew 1988, O’Reilly et al. 1982,
Xie et al. 1994). Phenology scoring requires several visits of seed orchard suring the
flowering period. The effects of the localization of individual clones on the genetic
composition of seed orchard crop have been generally neglected. Their assessment requires
previous studies on the shape and parameters of the pollen dispersal function. The effects of
other factors, such as anisotropies in the pollen dispersal due to prevailing wind direction
during the pollination season or genetic incompatibilities are difficult to assess and their
incorporation in the modeling of the mating process is hardly possible.

The assessment of fertility and phenological variation requires labor and finances. From
the point of view of practical management decision-making in seed orchards, it is necessary
to know which factors affect considerably effective population size, in order to decide which
are thus worth of being assessed. We tested empirically what is the relative importance of
these factors for status number estimation by gradual adding one-by-one in the order of labor
requirements (female contribution, male contribution, reproductive phenology, distance-
dependent pollen dispersal) in three Scots pine (Pinus sylvestris L.) seed orchards in central

Slovakia.

Lindgren D (editor) 2008: Seed Orchard Conference, Umed, Sweden, 26-28 September 2007

244



Table 1 Description of the investigated Scots pine seed orchards

Characteristic Seed orchard

Kolkaren Hjj Sykorova
Geographical coordinates 48E46'N 19E16'E 48E15'N 48E29'N 18E42'E
Altitude 450 m 19E19'E 475 m
Year of establishment 1982/1987 350 m 1979
Census number of clones 43 1979 35
Coefficient of variation of 30
clone representation" 40.8% 59.4%
Number of ramets 589 43.0% 372
Number of wrongly planted 574
ramets 117 56
Number of alien genotypes 160 199 45
Number of alien ramets 160 63 45
Spacing S5mx7m 81 7mx 8m
Average cone yield per ramet 8mx8m
1995-1999 (fresh weights) 0.47 kg 2.80 kg

2.38 kg
D XX7i4lhmnnt aline ~asmntermnn
MATERIALS AND METHODS

A detailed description of the studied seed orchards is given in Table 1. Clone identity was
verified using 7 polymorphic allozyme loci (for details on allozyme analysis, see GOmory et
al. 2003). In all seed orchards, a considerable proportion of alien material (overgrown
rootstocks, non-registered ramets) was found and several ramets were placed on wrong
positions. In all three seed orchards, cone crops of individual ramets were scored in five
consecutive years (1995 to 1999). Numbers and sizes of male strobili were assessed in 1997
and 1998. Assessment of floral phenology essentially followed Jonsson et al. (1976).
Phenological phases were scored on three to five days in each seed orchard in 1997 and 1998
(Table 2). A complete dataset (male strobili, cones, phenology) was available only for the

year 1997, which was a year of full fructification.
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Table 2 Description of the scored phenological phases and dates of phenological

observations

Male strobili Female strobili

score description of modal relative score description of modal  relative

state pollen state receptivity
shedding
0 not visible 0 0 bud closed, completely 0
covered by scales
1 developing, closed in 0 1 ovuliferous scales 0
integuments visible at the apex
2 yellow, fully shedding 100 2 strobili developed, 25
starting to open
3 brownish, weakly 40 3 open, fully receptive 100
shedding
4 dry, brown, not 0 4 open, scales sickle- 30
shedding shaped
5 closed, starting to form 0
cones
Seed orchard Year Observation dates
Kolkaren 1996 May 13, 16, 18, 20, 22
1997 May 14, 16, 19, 22, 26
1998 May 12, 15, 18, 21, 25
Haj 1997 May 11, 15, 20
1998 May 9, 12, 18
Sykorova 1997 May 15, 20, 23

1998 May 12, 15, 18, 21

To describe the dependence of mating success from the distance between mates, we used

the model according to Adams & Birkes (1991):

-pd; Noan —pd,
Py =¢ ﬂj/Zk e

where ¢;; is the mating success between female i and male j, dj; is the simple aerial distance

between female i and male j, N4, is the number of ramets, and S is the distance parameter.
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On the basis of the data published by Miiller(-Starck) (1977), the value of f was set to 0.04.
For the self-pollination within the crown of one ramet (i = j), we estimated d;; as the average
distance of two randomly chosen points on a globular surface, which is approximately equal
to 1.3-multiple of the crown radius. The distance between ramets was estimated as the
distance between crown centers.

For the assessment of the gametic contributions of individual clones, a modified method
following Askew (1988) and Xie et al. (1994) was used. Under the consideration of all
factors, relative gamete contribution of the pair of ith male ramet and jth female ramet was
estimated as:

GG = X @iPpiOiop/ZZiZk @iPipinOjoj
where P; is the pollen gamete contribution of the ith ramet, O; is the ovule contribution of the
Jjth ramet, pj is the relative pollen shedding rate of the ith ramet at date k, o is the relative
receptivity of female flowers of the jth ramet at date k& (px and oj depend from the
phenological phase of male and female strobili, respectively), ¢;; is the distance-dependent
mating success of the ith male ramet with the jth female one. Gametic contributions were
subsequently summed according to clones. When a particular factor was not considered
(female fertility, male fertility, flowering phenology, distance), the respective parameter was
setto 1.

It is only male (pollen) gametes, which compete in the fertilization. Unless pollen density
is low (e.g., at the beginning or end of the pollination season), all available ovules have
almost equal chance to be fertilized. Although this assumption is not absolutely realistic, the
assessment of clonal gamete contribution was based on it, as it would be difficult to quantify
the differences between clones in the proportions of fertilized ovules. Therefore, the total
proportion of female gametes contributed by jth clone was estimated based on the produced
ovules: f; = O/Zx Oy, whereas the total proportion of male gametes contributed by the ith
clone was estimated as as m; = X; GCj; (whereby X; m; = %, f; = 1).

Effective number of clones was calculated as:

N‘-’ zl/zl'piz

where p; is the relative number of ramets of the ith clone. Group coancestry and status

number of seed crop were estimated according to Gomory et al. (2000).
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RESULTS AND DISCUSSION

A complete dataset (cone weights, male flower numbers, phenology) was available only for
the year 1997 (i.e. cone collection in the spring 1999), which was a year of relatively rich
flowering in all seed orchards under study.

In all three seed orchards, there is a considerable proportion of alien genotypes.
Therefore, we considered three situations: (a) alien ramets were removed (census number of
clones is equal to the planned number), (b) alien ramets were not removed, but no cones were
collected from them (census number is equal to the total number of genotypes, i.e. planned
clones plus alien genotypes, since alien ramets contribute to pollination), (c) cones were
collected from all ramets (census number is equal to the total number of genotypes).

Male as well as female contributions of alien ramets exceeded 10% in all three seed
orchards. Harvesting cones from alien ramets (c), and even leaving alien ramets in the seed
orchard (b) lead thus to a substantial contamination of the gene pool of the seed crop by
genes of parents of unknown phenotype. It is questionable, if this disadvantage is balanced by
increased genetic diversity in the crops, since effective numbers increase negligibly as
compared with the situation (a).

In both older and fully fructificating seed orchards (H4j and Sykorova), effective number
of clones seems to be a relatively satisfactory descriptor of the genetic diversity of seed
orchard crops, especially when seed orchards do not contain alien ramets. Effective number
of clones is generally substantially lower than the population census (table 3a, b). Status
number considering the variation in female fertility substantially is not substantially lower.
This, naturally, does not mean that there is no among-clone variation in female gamete
production, but the differences among clones are not huge and actually compensate the
differences in the ramet numbers per clone.

On the other hand, variation in male fertility (which is bigger in both seed orchards)
decreased status number. Flowering phenology and distance-dependent pollen dispersal did
not affect parental imbalance. In Sykorova, the inclusion of the phenological variation into
the estimation even increased slightly status number. Apparently, there is a kind of
compensation effect, when some of the abundantly flowering clones are not sufficiently
synchronized with the major part of seed orchard clones either in pollen shedding or in
female strobile receptivity.

The situation is different in the younger seed orchard Kolkaren. The estimated effective
population sizes decrease steadily with the inclusion of each considered factor, whereby

status number under each model is substantially lower than the effective number of clones.
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Table 3 Effective number of clones and status number under consideration of different

sources of parental imbalance in three Scots pine seed orchards

Aliens removed Aliens not harvested ~ All harvested
C N C N C N
Hjj
Census 30 93 93
N, 25.5 34.1 34.1
Ns: F 0.0198 25.2 0.0171 29.2 0.0150 333
FM 0.0236 21.1 0.0207 24.1 0.0186 26.9
FMP  0.0241 20.8 0.0207 24.1 0.0186 26.9

0.0248 20.1 0.0213 23.5 0.0190 26.3

FMPD
Sykorova
Census 35 80 80
N, 26.1 33.5 33.5
Ns: F 0.0205 24.4 0.0181 27.6 0.0159 31.5
FM 0.0237 21.1 0.0199 25.1 0.0177 28.3
FMP  0.0234 21.4 0.0198 253 0.0176 28.4
0.0236 21.4 0.0201 24.9 0.0178 28.0
FMPD
Kolkéren
Census 43 203 203
N, 36.9 68.0 68.0
Ns: F 0.0159 314 0.0122 40.9 0.0095 52.4

FM 0.0214 23.4 0.0162 30.9 0.0123 40.7
FMP  0.0241 20.7 0.0177 28.2 0.0148 33.8
0.0263 19.0 0.0197 254 0.0165 30.4

FMPD

This means that the effective number of clones does not properly reflect parental imbalance

in a yound seed orchard.
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There is no unanimity about the significance of phenology for reproductive success of
clones in a seed orchard: Askew (1988), El-Kassaby et al. (1984), Matziris (1994), Nikkanen
(2001) or Codesido et al. (2005) underlined the effects of reproductive phenology on the
genetic composition on seed orchard crops, but O’Reilly et al. (1982) consider these effects
unimportant. Our results support rather the latter opinion, at least in old seed orchards. The
effect of pollen dispersal seems to be more or less compensated by clone dislocation in the
case of random seed orchard design. Only in Kolkdren with more than one third of
mislabelled or wrongly placed ramets, this effect was more pronounced. However, spatial
pollen dispersal can be more important under clonal-row design, as indicated by the study of
El-Kassaby et al. (2007).

The presented effective population number estimates (44%—-85% of the seed orchard
census) are to what has been reported from clonal seed orchards of conifers. In a large-scale
study of 255 conifer seed orchards in Korea, Sweden and Finland, effective number of clones
ranged between 20% and 100% of the census number with an average of 74% (Kang et al.
2001). This study considers only the variation in the ramet numbers per clone. Effective
population size estimated considering fertility variation ranged in similar, even broader
intervals: 60% to 93% in Scots pine (Muona & Harju 1989), 22% to 91% in East Asian pine
species (Kang & Lindgren 1998, Choi et al. 2004), 54% to 73% in Norway spruce (Kjaer
1996, Nikkanen & Ruotsalainen 2000) from Finland. In these studies, the effective number
was estimated based on male and female gamete contributions of clones derived from the
counts and/or weights of male strobiles and cones, without consideration of phenological
variation and spatial pollen dispersal.

A different behaviour of the youngest seed orchard Kolkaren is associated with age.
Flowering is most irregular, therefore, relative status number much lower than in Haj and
Sykorova. Kjer & Wellendorf (1998) also observed a gradual change of the relative status
number from 29% to 81% in a Danish Scots pine seed orchard within a period of 20-years.

The current model of mating process does not count with pollen contamination. Actually,
no specific study of background pollination rates has been performed in either of the
investigated seed orchards. However, all of them are situated in broadleaved areas, far from
large complexes of Scots pine stands, which are situated approximately 150 km westwards in
the Zahorie lowland and 80 km eastwards in the Spis region and are separated from southern
Slovakia by mountain ridges. Scots pine is by far less represented in Slovak forests than in,
e.g., Scandinavia, so that much lower pollen contamination rates are to be expected. Under

this situation, genetic diversity of the seed orchard crop depends primarily on the pollination
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within the orchard. The study of Gomory et al. (2000) has shown that in mature seed
orchards, the among-clone variation in male gamete production is three to four times higher
than for female gametes, and relatively stable over years (non-significant clone-by-year
interaction). Our results indicate that male fertility is the key parameter determining effective

population size in mature Scots pine seed orchards in Central Europe.
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Pollen contamination and afer-effects in Scots pine

Jan-Erik Nilsson, Department of Forest Gergetind Plant Physiology, Swedish University of
Agricultural Sciences, SE-901 83 Umea, Sweden E-dail:Erik.Nilsson@genfys.slu.se

Approximately half of the seeds produced intuna forest tree seed orchards in Scandinavia
are from fertilization withthe natural background pollen cloud. In young seed orchards with
no male flowering pollen contamination is @o® 100 %. Due to pollen contamination only
between 50% and 75 % of the genes in yoang mature seed orchards respectively,
originate from the selected seed orchard clomed the genetic gain of the seed orchard
progeny is reduced comparedaibinternal pollination.

In northern latitudes pollen is usually found in the air one or more weeks before local pollen
dispersal. The early pollen is often assumed to originate frora sauthern areas with higher
temperatures in early summer and accordingly earlier pollen dispersal. For northern seed
orchards southern pollen reduces the hardiok#se seed crop, mainly from delayed autumn
cold acclimation. However fluctuahs in wind directions, tempetaes and rain fall in early
summer can carry pollen from other directiomsth other genetic composition, and with
other effects on the seed orchard crops.

From artificial freeze testing comparing wipdllinated progenies with reference progenies
from controlled pollination with pollen ofknown latitude origin, the hardiness and
geographical origin of the natural polleroaetl can be estimated. However, evaluation of
progeny tests at low age means that physiologitiar-effects from maternal environment
etc. might affect the results and hide the gerdifferences that are of main interest in such
pollen cloud studies.

By producing both wind pollinateprogenies and controlled es®es on the same trees , the
maternal effects are largely eliminated framithin tree comparisons, and the observed
progeny differences will reflect genetic diffaes between pollen clouds (different days
and/or different localiti®) and reference pollen.

As a basis for studies of genetic variationthe natural pollen cloud across central and
northern Sweden, based o the described medhgogeny testing, a series of small clone
archives (with the same ten clones) has lestablished on 19 localities in Sweden between
latitude 61 and &'N.

To make it possible to the studye pollen cloud on any localig also a clone archive of
mobile grafts was recently established. From #énchive trees will béfted from the soil and
transported for pollination at selected logest just before female receptivity and the
pollinated trees are returned to the clone imeclmmediately after pollination to allow all
seeds to develop in the same locality andirenment. Thus after-effects from maternal
environment can probably be further reduaesnpared to the permanent clone archives,
enhancing the precision in estimatégenetics pollen clouds differences.

Initial studies of lifting mother trees for polétion on different localities followed by seed
development on the original locality showsignificant treatment effects on progeny cold
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acclimation in freeze tests of one year seedlifigis indicates thathe method of utilizing
clone archives as collectors thie natural pollen cloud followedy progeny freeze testing of
young seedlings can be useful to understandre about the genetic variation and
geographical origin of the natural pollen dioof Scots pine over time and space. More
knowledge about variations ingatural pollen cloud shouldsal guide in establishing new
seed orchards.
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Mass ControlledPollination at
ArborGen in South Carolina,
USA. Over 94million control
pollinated fullsib seedlings
have been planted
operationally in the
southeastern US since 2000.
Photo: Dave Gerwig.

This group of symbolic ther well spaced trees
(designed by Guhévdahl) is situated outside
the main buildingf Faculty of Foest Sciences
at Umea, where the conégrce took place. With
good will it could be inteoreted as a symbol of
“Perfect seed orchatcees”. Photo: Darius
Danusevicius.

Pinus nigra male flowers. The picture is taken early
morning, so the light isdéish and interesting bright
water drops are visible. In Poland there are 23
seedling seed orclas of EuropeaBlack Pine (110
ha). The purpose is toquide seeds for the forests
located in polluted urban areas. Photo: Jan
Kowalczyk.
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	Background
	In South China, the first forest seed orchards were established in around 1964 after few years of preparation works such as plus tree selection, site selection, material collection, grafting etc. In the first decade, few species were considered, including Chinese fir (Cheng etc 1996; Qiu 2006) and slash pine (Zhu etc 1993). Chinese fir is one of the main wood production species in South China, while slash pine was introduced into Guangdong, China as early as in 1930s, and found well adaptive to the local environment (Zhu etc 1993). From 1975 to 1995, seed orchard programs were expanded or extended to more species but to the advanced generation only for few species (Cheng etc 1996; Chen etc 1999; DSOFF 2000; Yang 2001; Sun etc 2003; Qiu 2006). In the last decade, not really much progress was achieved even though forest plantation business has rapidly been booming up in the region.
	Up to date, most of the existing seed orchards are still in their first generation using plus trees as parent materials, and some in the advanced generation using genetic materials selected from progeny test trials (Shen 1992; Cheng etc 1996; DSOFF 2000; Sun etc 2003; Li etc 2005; Qiu 2006). Most of the seed orchards were/are located at, owned and managed by state-own forest farms and tree breeding bases that are under local forest bureaus or state-own forest companies. Technically, they are parts of the national & provincial tree breeding programs, and usually planned, designed and advised by forest geneticists from local universities or research institutes. On the other hand, these state-own forest farms or tree breeding bases are often managed as financially independent units. 
	Seed orchards were usually well designed and planted according to the standard textbooks (e.g. Faulkner 1975; Jiao etc 2004). It was planned that the parental materials covered relatively wide ranges of the natural distribution although actual plus-tree selection might not be so. Large amount of the selected genes were collected and exclusively conserved in the early established seed orchards. These collections were supposed to constitute the fundament not only for then seed orchard establishment but also long term breeding.
	Some seed orchards flowered quite early and had good seed production as expected, providing huge amount of improved seeds for afforestation or reforestation. In a slash pine seed orchard located in south Guangdong, for instance, the grafts was planted out with a total area of 60 ha from 1965 to 69, among which 6 and 20 ha were planted in 1965 and 1966, respectively; and an expansion of 50 ha with the same genetic materials was carried out from 1974 to 1978. The grafts started to flower at 4-year old and produce seed at 5-year old (Zhu etc 1993). The total seed production steadily increased from 1970 to 1989 (Fig 1). By the end of 1989, the accumulated seed production was 91,800 kg, which accounted for most of seed sources for slash pine planting before 1990 in south China. It was also observed that slash pine grafts had fast growth in cone production during the period from 8 to 14 years old and reached peak stage from 15 years. A caribaean pine orchard planted in 1974 started to flower at 3-year old and produced 300 kg cone or 15 kg seed per hectare at 8-year old (Zhu etc 1986). 
	Many seed orchards or even breeding bases were abandoned or converted to other uses due to poor management, deficient capital, less seed demand, low profit, high maintaining cost, land use change or economic development in the last decade. Seed orchards might not have enough budgets from national or provincial funds or income from seeds for maintaining their seed orchards (Wang etc 2006). Most of the early seed orchards aimed at improvement of growth. It was expected that some genetic gain could be obtained with use of seed orchard seed (Shen 1992, 1994). It seemed however that realized gain was generally lower than expected, if we look into the growth rate of plantations planted 10 or 20 years ago. 
	The definition of seed orchard is diverse. It is restricted in this paper to the sense of conventional or traditional mass-multiplication of genetically improved seed crops (Faulkner 1975). Almost all of early or existing seed orchards in south China were or are conventional. This paper discussed the issues and prospects of seed orchard development from seven perspectives, and particularly recommended low-input schemes for establishing and managing new seed orchards. 

	Ownership
	Investment and infrastructure
	Planting species 
	Main planting species varied much over time, although large scale planting has never been stopping in the last few decades (NFA 2006). Such change was more or less political, rather than scientific, technical or industrial-demanding. Before 1980s, the main planting species were Chinese fir and pines. In 1980s and before mid 1990s, the planting was switched to the southern pines including slash pine, loblolly pine and caribaean pine. Since late 1990s, eucalypts have been predominating over the whole region. A direct consequence was change in demand on specific species seed. This created great difficulties for maintaining high-input seed orchards.  

	Gene resources
	Breeding program
	Vegetative propagation
	Great progress has been achieved on mass vegetative propagation technology for many forest species. In China, cutting has been adopted in propagation of eucalypts, casuarinas, teak, Chinese fir, pines, poplars, Paulina, etc, and tissue culture for most eucalypts, teak, Paulina etc. Both cutting and tissue culture technology becomes more and more mature, and less and less costly over years for some eucalypts. It is particularly worthy to note that cutting materials have exclusively been used in planting of poplars and main eucalypt species for some years. Two years ago, some planters started to directly plant eucalypt tissue cultured materials in their plantations, and raised a high demand this year. It is predicted that tissue cultured material would replace cuttings in some years at least for some main eucalypt species, such as E. urophylla, E. grandis and their hybrids. This is probably one of the technological advantages that China has over other eucalypt planting countries. However, difficulties exist in using cutting or tissue culture technology to mass propagate some species for large scale planting, such as E. dunnii.

	Management
	Genetic quality of seeds from a low-input seed orchard should be the same or similar to those from traditional ones, resulting from breeding operation. Seed production is not a sole goal; timber production or ecological and environmental functions should also be considered. The multi-objectives may properly be adjusted according to the changing demand on seeds, through control of mother tree density. This is a cost-effective way to set up and secure a seed orchard. Seed orchard seed crop could be considered superior over asexual materials in conservation.
	To guarantee genetic improvement, the same genetic materials as for traditional seed orchards should be used, such as selection grafts, cuttings, or seedlings. Conventional design and layout can still be valid (Faulkner 1975; Jiao etc 2004), but site topography needs to be considered. To keep the cost further low, half-sib family seedlings (no crossing) or cuttings of selections are probably good materials, at least for most of minor species. Optimal reselection or deployment of materials can be employed in such seed orchard to obtain high quality seeds.
	Initial planting density could be relatively high, something between for a traditional seed orchard and a normal stand or seed stand. Thinning is considered for both seed crop and wood growth, and certain number of trees is remained to ensure the final wood production. However, it is flexible for late-stage adjustment of the objectives, depending on the need on seeds. Trees are more like timber production trees rather than fruit trees. Logs of large size are obtained at a rotation age deliberately considered. Density control through thinning as well as tending should also take ecological or environmental considerations into account.

	Conclusions 
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