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Summary
The main goal of this research was to characterise the available apple accessions in the Netherlands,

which will give a base for future breeding programs in the organic secbmsumersncreasing
awareness about the environmental consequences of intensive farming systems led the demand
towards more sustainable systems and healthier fruit production; resulting in the conversion of many
apple orchards to organic standards (Peck et al.§)2@rganic farmers, nowadays, depend on
cultivars which are well suited for conventional conditions (van Bueren et al., 2062)architecture

has a major role for organic apples growth and should be taken into consideration in apple breeding
programs l(espinasse & Delort, 1993Yhe common assumption among the organic sector is that
manyvaluable traitssuch as architectural traitsan be found in many old cultivars (cultivated before
1940) and should be integrated into future breeding progianasder to provide the apple breeders

with an accurate description material, an apple tree ideotype was first developed. Secondly, a
methodology to assess the different traits was developbd. accessions were then evaluated
according to the ideotype charatstics, and using the methodology developed previously.
Eventually, the heritability of the most important traits was reviewed to complete the study and make
it fully usable for further breeding purpose. According to tree ideosypdy, which highlightghe
importance of tree architectural traits resultss clear that conventionalultivars donot fit into the

organic growers needslowever,the evaluation of the population using an improved methodology
included a detailed scoring of fruit quality,ed&r architecture, diseases susceptibility and yield
production, showed promising potential for future breeding perspective.



1.Introduction

1.1 General
Apple Malus x domesticaBorkh.) is one of the most important fruit cr®pgn temperate zones

worldwide (Jenick et a] 1996). Consumers increasing awareness about the environmental
consequences of intensive farming systems led the demand towardssustainable systems and
healthier fruit production; resulting in the conversion of many apple orchards to organic standards
(Peck et al 2006). Organic farmers, nowadays depend on cultivars whichre well suited for
conventional conditionsvan Bueen et al, 2002). Many hemical treatments relatedo disease
prevention(pesticides) tree architecturaeesign(Induce branching chemicaland yield production
(chemical fertilizerslrebeing in use in conventional apptechards, and therefore modem v i et i es 6
performance rely on high levetd chemicalsHowever, i organic apple farming the treatments are
bannedand in many cases farmezsperiencdlifficulties to adjust the organimanagement methods

to the conventional cultivarherefore,it is essential for organic farmers to have cultivars which are
suitable for the organigrowingconditiors in order to supply a product that compiles tovtighes of

theconsumes.

The worldwide tendency in apple breeding is to use only a narrow réattge genéc pool (Noiton &

Alspach, 1996)Most breeding programmo st | y c hoos e tGhlden Bebcio®d Reddl t i var
Deliciousd Jgnathabor Mc-Intoshd , a s pcenssewith rew HyloridgDurel et al, 1998).The

main goals oftonventioml breeding programs are to increase fruit yield, upscale fruit quality and to
achieve resistamcto the main pests and diseafemsurens 1998). The main selection ntieod is a

simple mass selectiofburel et al, 1998). The consequences of geetrendswhile using only few

cultivars, thraten to decrease apple genetic backgralivmersity (Noiton & Alspach, 1996).

According to organic apple growers amgsearcherghe major requirements of a suitable cultivar for
organic and low input systems arg resgstance to the main apple pathogens, ii) fruit quality,
appearance and productivity and iii) tree architecture, which contributes largely to an enhanced yield
in organic farming systems (Jansonius, Lataod Vandewal| pers. comm.2011). Many studies

caried out in the organic apple sector have been focusing on disease resistance, but not much has been
done to investigate other aspects of organic apple growing (Warlop 20HD). Thereis, thus an

urgent need for better adapted cultivavhich can optimise organic apple productiothrough
displaying high resistance to major apple pests and diseases, combined with adequate fruit quality and

an improvedarchitecturaktructure.

The common assumption among the organic sector ightesé valuable tis can be found in many
old cultivars (cultivated before 19%@ndshould be integrated into future breeding programs. Those

cultivars reflect the focus of breeding for fruit quality as it was before 1940, when intensive agriculture



started to grow. Orgamgrowers also indicate that other valuable traitshas treearchitecturecan be

found in old cultivars.

Furthermore, the emotional value conveyed bywadeties towhich consumers and growers appear
to be sensitive, emphasize the need for a ddtalkscription of those cultivars in regards to the
mentioned traits. However, this description is not yet availabthe publicand would be precious to

discusdor future breeding perspectives.

1.2 Objective

The main goal of this research was to chardst theavailable apple accessiomsthe Netherlans]

which will give a base fofuture breeding programs in the organic sector. In order to provide the apple
breeders with an accurate description material, an apple tree ideotyfiestdesveloped, taking into

account the requirements of organic apple growers and researchers. Secondly, a methodology to assess
the different tree architectural traits was developed. Indeed, as mentioned before, tree architecture has
a major role for organiapples growth and should be taken into consideration in apple breeding
prograns (Lespinasse & Delort, 1993butthis approach is relatively new in breeding programs in the
Netherlands and no precise methodology has been found to assess architectuaaictredtely. The
accessions were then evaluated according to the ideotype characteristics, and using the methodology
developed previously. Eventually, the heritability of the most important traits was reviewed to
complete the study and make it fully usafdr further breeding purpose.



2. Tree ideotype description
The first step and aim of this study wadad define traits of interest for organic apple growers and ii)

to describe an apple tree ideotype suited to the needs of the organic sector in the Netherlands. In order
to assess those traits, Dutch organic apple researchers, growers and breedetgrviereesh The
research was completed by literatatedy.

2.1 Materialsand methods
In summer 2011 a study was conducted, based on field trips and interviews of organic breeders,

researchers and growers in the Netherlands and Belgium (Table 2.1). Additional information was
added after interviews and field excursions at the pomologicatiasen in fall 2011. The study was
completed by literature research.

Table 2.1 Interviewsconducted for description of organictree ideotype

Name Description Date

Anbergen Ron Phytopathologist 16.09.2011
Hautman Henk PVN apple collection curator 16.11.2011
Jans Jansonius Pieter  Organic fruit researcher and grower 18.07.2011
Lateur Marc Organic fruit breeder and researcher 17.08.2011
Meijer Bertus Fruit Researcher ,CGN apple collection curator 23.08.2011
Pelleboer Marten NPV apple collectiorcurator 16.11.2011
Vandewall Mart Organic apple breeder and grower 20.07.2011

CGN=Centre for Genetic Resourcele Netherlands, NPV=Noordelijke Pomologische Verenig
PVN=Pomologisch&ereniging NooreHolland

The apple tree ideotype presented lsnmamarizes thenain traits of interest to be taken intccaunt
according to thecontributionof experts and based on their knowledge and experience. Next to the
interviews, the results were completed by a literature study. This description constitutes the basis for
the methodology that was developed in a second stage to assasseb&ions witan emphas on

the valuable traits for the organic sector.

2.2 Results

The tree ideotype traits can be categorizethiredifferent groups, with the following hierarchy of
importance: ) tree architecturatraits, 2.) fruit traits (quality, productivity and gmearance)and

3.) disease resistance.



Architecture
Designing an apple orchard should be associated with the growth style and the shapetakitnges

the limited space and working howsfarm managemeninto accountStudies usuallgmphasise¢he
importance of tree height, planting distance, alley width and leaf area indexiLéwjer to achieve
good light distribution andtherefore increase the orchapdoductivity. Especially for the organic
sector minimal pruning is a desirabiit for many fruit growers,due to thelabour costs and
consumed timeTherefore, limiting the undesirable vegetative growth and direct the focus on fruit
production is a priority trait for tree architecture, and for which genetic variability shouldubd f
(Lauri, 2008).

Besides high productivity, the relationship between the number of architecture characters (e.g.
branching density, shoot growth etc.) and the development of diseases and pests may constitute an
additional value oftree architecture. @m tree shape which allows more air circulation and light
interception carsignificantly reducethe spreadf diseases. Aaasonable explanation for thi the
reduction of the wetness periods (Simon et2006). The genetic variability is considerecb®very

high in apple cultivars and greaariability in tree architecturashape was recorded. The common
classification of architectural tree type is divided into four groug®raléng to tree growth, branch

distributionand fruit positionLespinassel977).

Despite the strategy of most apple breeding programmogtly concentraten high productivityfruit
guality and disease resistande.is important to note that tree architectural characteristics are
significantand should be taken in considevatas well(Lespinasse & Deloft1993). Growth habits
and branching types affect both farm practices and yield production (Lauri & Lespinasse, 2010).

Tree architecture traits

Angles of the branchésThe angles of the branches sproutimg the main tink must be vertical to

the trunk The angles affegtield production to a substantial degré&erefore it is a common practice

for apple growers to create these angles by bending thehasmand to end up with branahgles
parallel to the ground. This practice consumes a lot of time which is precious for organic growers. The
branches should be able to carry heavy loads of fruits and theefefaable to bend.U® to itseffect

on yield production and training practithe flexibility of the branches plays a major role (Lauri &
Lespinasse, 2000).
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Figure 2.1. Desirable angles and flexibility of the branches
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bottom part is desirable. The main pruning practice in the Netherlands aims at creating two centres of
branchesthe top andthe bottom. This practice creates enough space for the fruits and leaves to be
reached by the sunrays, which contributes tih fuality. In addition, it increases the yield production.
Organic apple growers are interested in having that trait as a natural growing habit because it is
already present irronventional applgractices, but it isnduced in earlydevelopment stages in
nurseries by chemical spraying, which is not desirable for organic growers and consuamktgidn,

an adequate branching distribution and a growth pattern that creates enough space between the
branches and thshoots mayreduce diseases pressure (lLa@008). Indeed, a reducdmanching

density createbigger distances between growing shoots and provides larger amount of light and air to
penetrate the canomnd, especially along the trunkhdsit generates a dryer environment which

helps to avoid p&ts and fungus.
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Figure2.2 Branchesd. distribution




Density of new buds and shoots on brandhéshigh density of new buds and shoots indicates a

high fertility and ability f o r the tree to regenerate, wher ea
enough fruits. However, growth of new shoots should be moderate in order to limit additional

work pruning the shoots and to ensure high quality of fruits by creating enough space égsthe r

of light to penetrate all parts.

Well growth of shoots Poor amount of buds and
and buds shoots

i

Figure 2.3. Appearance of shoots and buds on the branches.

Vigour controli The tree growth should be moderate and be balanced adequately between
vegetative and newmegetative growth. Therefore a vigorous twth a very strong growth is not
desirable, neither is a very slgrowingtree (Lespinassd992 & Laurens et al., 2000).

New s h o o tidténdiaatestheyabitity for a tree to regenerate and to produce more fruits.

The pruning method in the Netherlands aims at creating a top centre and bottom centre in order to
make enough space for air and sun to reach all parts of the tree. At the beginning oit vginter
possible to obtain a growth of nhew shoots form the past year, due the reason that pruning is done
in the winter of the year before and there is no foliage on the trees. The new shoots that appear
between the two centres are most likely to grow afpriod after pruning.

well growth of new shoots Poorly grown of new shoots

~N— —

The space between the
centres.
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Figure 2.4. Growth of new shoots.



The ratio between thdiametersof branchesindthe main trunk diametér It reveak the tree balance

and its ability to supply the branches, fruits and shoots with the needed amoutriesfts.The main
trunkdd ameter should be twice the branchesd di am

Fruit quality, productivity and appearance traits
1 Fruit storabiliy is important to increase the length of marketability.

i Taste is the most iportant trait for the consumer$he organoleptic quality is a complex

combination of sugar level, aroma, texture, acidity and firmness.

9 Yield in low input conditions (organic) High Nitrogen Use EfficiencyNUE) is a valuable
trait. NUE is expressed as a ratio of output (e.g. dry weigtdtal N) to input (e.g. amount of
N applied or amount of N captured) (Masclddaubresse et al., 20L0/arieties that have a
high NUE mighthavedark greereaf colour in the same conditions while other végghave
a dull greercolour.Theleafscolourcan give a indication abouthe Nitrogen Use Efficiency.

1 6 J un el Af thel bbginning of the summeramy flowers and fruits falfrom the tree. In
conventional agriculture those traits can be manipulated by artificial chemical treatments.

9 Stable fruitproductioni The tree should bable to produce the same amouhfruits every
year. It is known that some accessions suffer from biennial life cycle which cannot match the

organic growers wish.

1 Appearancé the colour, size and shapéthe fruitareimportant for the consumers. The size

and shape ar@soimportant for storability and transportation
Disease and pathogeresistance
The major diseases are scab, mildew and canker. The main pathogen is the pink aphid.

Apple scab VWenturia inaequalis powdery mildew Podosphaera leucootri¢h and canker
(Neonectriagalligeng are themajor pathogens recorded in the Dutch apple orchiviitse et al,

2010 &Jansoniuspers. comm2011)

Apple scab, a fungal pathogen, csignificantly reduce the yielgoroduction and damage the fruit
appearance. The present treatm@ntonventional systemssed to prevent and eradicate the negative
effects of the scab are difficult to apply due to the narrow time window of fungicide effectiveness.
Therefore the stratggfor conventional apple growing as well as for the organic sector, is to develop

resistant cultivars which reduce the dependency on chemical spreg/st(8l, 2002).
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In 2010,Van Treueren evaluated 695 apple accessions from eight Dutch collectitmsifoesistance

genes to apple scab. Many breeding programs use Marker Assisted Selection in order to ensure that
the progenies resistance. Scab has been targeted as a major pathogen in the Nethetterdfoeand

Dutch varieties showelatively high resistance to this fungus, compared to other vareetitgated
worldwide (Bus et al 2002).

Canker, caused by the fungus Neoneajaligenam can leado death in buds, branches, spurs and
shoots, and in severe situasomhere thernunk is infected, the whole tree has to be rerdo@anker
damages apple orchards in temperate and high average yearly rainfall zones, where humid micro
climate induceshe fungus reproduction (Beresford & Kim 2011).

There areno chemical prevention treatmts allowed against canker according to the Dutch law for
both organic and conventional growers. The practical strategy to handle this disease is by removing
susceptible parts of the tree and when the main trunk is girdled by carkarhaote tree has tbe

removedMeijer, pers. comm2011).

Powdery mildew is caused by the fungBedosphaera leucotrichaviost cultivars worldwide are
susceptible to this disease. Large amounts of fungicides are applied to conspteheing of this
pathogen (War& Fazib 2011). The common strategy in organic apple orchards to overcome this

pathogen consists in applying sulphur, lime sulphur and bicarbonate (Trapman & Jansonius, 2008).

Molecular markers are available to identified major resistance genes against powdevy anid are

currently used in many Markers Assisted Selection breeding programs (DunemanRO&7al

An apple cultivaiperformingresistant to those pathogens, which combines a suitable tree architecture,
as well as appropriate fruit quality (yieldaste, appearance etc.) and performs good in low input
conditions are the main characteristics organic apple growers are looking for. In the organic sector
many research projects have been focusing on disease resistance (Warl@9&0althustere isan

urgent need for better adapted cultivars to optimise organic apple production.

In summary, an organic cultivar mus# resistant or tolerant to variotdiseases mentioned previously,
because of the prohibited use of synthetic pesticides and fungiEioleboth powdery mildew and
scab, which can damage apple orchdrdmendously, an existing chemical treatment is allowed for
conventional farmers. For the orgaajgplegrowers, the available organic substances and the common
practice are expensive, tinnmnsuming and not sufficient. Therefore the development of a cultivar

displaying a durable resistance/tolerance to those diseases should be prioritized.

11



Canker is treated ithe same way in both conventional and organic farming systems. The common
practice is to remove infected parts and in some cases, when the infection is severe, the Wiasle tree
to beremoved. In that case, the interest in developing a cultivar resistzanriker is common for both
sectors.

3. Developing methodology to assess the apple accessions acamrding
plant tree ideotype description with emphasis on tree architecture.

Based on the tree ideotype study the need for a special traits assessments was emerged. Apple tree
breeding efforts in theéNetherlandshave been mainly directed towards fruit traits improvement
(production, appearance and quality) amkdseaesistance. bwever, the interviews performed with

experts in the field of apple growing as well as litezature studystressed out the need for more in

depth investigation of tree architectural traits. Such an evaluation has not yet been carrétdnout

the Nethédands and thus the development ohethodology t@assess those traits was necessary.

3.1 Materialsand methods
In August 2011 several interviews were conducted with experts (cf. table 3.1) and focused on

developing a methodology to assess the Dutclheappe accessioran their architectural traitgruit
traits (production, appearance and quality) and disease susceptibility.

Table 3.1 Interviews conducted for developing a methodology to evaluate apple accessions

Name Description Date

Anbergen Ron Phytopathologist 16.09.2011
Elk van Pieter Former apple grower and member of PPO 26.10.2011
Lateur Marc Organic fruit breeder and researcher 17.08.2011
Meijer Bertus Fruit Researcher ,CGN apple collection curator 23.08.2011

CGN=Centre for GenetiResources
PPO=Applied Plant Research: Fruit Sector

Fruit traits (pro duction, appearance and quality)i The evaluation methodology was chosen
according to internationadtandards as described by M. Lat€2010) and to current use in PPO
(Applied Plant Research: Fruit SectdRandwijk. The methodologg briefly explained in part 4.1.

Diseasesusceptibility T The method of evaluation for the three main apple diseases in the
Netherlands (scab, canker and powdery mildeas Wwased on theee ideotypeThe symptoms were

defined by Bertus Meijer (powdery mildew and canker) and by Ron Anbergen (scab).

The methodology for the scoring of disease susceptibility was basedtoar 2010) and briefly
described irpart 4.1Lateur,2010,Meijer andAnbergen, pers. Comn2011).

12



Tree architecture traits T The methodology for tree architecture evaluation was developed based
on a literature study and an interview with Marc Lateur, who shed light on international criteria for
tree architecture evadtion. The methodology development was completed with B&friger and

Peter van Elk (PPQand adjusted to the style of apples farms as it is grown in the Netherlands. The
scoring methodology was based on the Eufrin scores for traits like vigorous et tlgveloped for
branching, shoots and buds habits together with Bertus Meijer and Pieter van Elk (PPO).

3.2 Results

The methodology for tree architecture evaluation elaborated according to the iateinstandards
(Eufrin, 2011) based on Lespinagd®77) is presented in tableBand brieflydescribedn appendix

I. It was not possible to apply this method, because the trees of the CGN collection were planted in
2008 whereas this method assesses at leagtdr®ld trees. Moreover, another factbat influenced

the choice of a different methodology wiae practicalissue The implication of a methodology that

was described only by literature and not according to practical experiehca personal
communicationcreates difficulties in understandirige precise definition of criteria. Furthermore,
addi tional traits that were not included Lespin
showed to be crucial and should not be missed. Traits such as symmetry distribution of branches,
densiy of buds, growth of new shoots and the ratio between the main trunk and the branches were not
included in the Eufrin architecture descriptor. In summary, it is important to evaluate the trees
according to international standards to obtain clear resuatscdn be exploited by a broad range of
potential breeders or other individuals interested in these accessions. Considering that this study aims
at giving a deepesight on the Dutch accessiofey future organic apple breeding program in the
Netherlandsthe methodology for tree architecture evaluation was largely adapted to fit the need of
local organic apples researchers and growers and therefore airfledbtheir specific interest3.he

final methodology is briefly descriden section fourthe tree ideotype The main tree diseases of
apples in the Netherlands (Scab, Canker and Powdery mildew) evaluation methodology was chosen
beside on the interviews studhe symptoms were defined by Bertdsijer (Powdery mildew and
Carker) and By Ron AnbergerS¢ab) The Methodology othe scoringof disease susceptibilityas
basedon Lataur, 2010and biefly described inpart 4.1(Lateur, 200, Meijer 2011 andAnbergen,

pers. comm.2011)
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Table 3.2 Eufrin methodology to define tree architecture

Type Cultivar reference

I "Spur" (Starkrimson}1W:type 'Wijcik Mclintosh'
Il 'Reine des Reinettes', King of the pippins’
I 6Gol den Delicious'

Y 6Granny smith'

Eufrin, 2011 Based on Lespinasse, 191Briefly described in appendix I)

4. Apple accessiorvaluatiors and compression based on trggnetic

Background
In order to assess apple cultivars with valuable agronomic traits for the organic sectypléhe

CGN(centre of genetic resourcthe Netherlangscollection was chosen as the main resource. The
CGN apple collection is located in Randwijk, Gelderlamdi consiss of 202 accessions. The gene
collection is maintaiadas trees in an orchard by Applied Plant Research: Sector Fruit (PPO).

The history ofthis collection consists of a few cycles and kept on moving to different locations before
it was established at Randwijk in 1998e original purpose was to find genes involved in scab and
powdery mildew restance in the old varietieand to understandhe heritability of important

agronomic traits.

In order to achieve durable resistant cultivars a QTL analysis was carried out to identify loci
associated with scab and mildew resistance. However, for canker resistance, only partial observations
were recoaded and limited analyses were carried out. Later, because of the risk related to biodiversity
reduction due to the increasing usaggefeticallymodified trees, a decision to protect varieties with
valuable, extreme traits was taken in order to presetaege pool of genes (CGRO012 Meijer, pers.
comm.,2017).

Next to theCGN the other sources for apptellections in the Netherlands are the Pomological

associations which are ngovernmental organizations (NGO

The pomological associations aimcatlecting known varieties that have been grown in the region of

the association and some varieties that were cultivated in the neighbouring countries that have been
used in the region as well. Many cultivars have been developed in the Netherlandstrorisg}
centuries. The Netherlands have a rich history of apple cultivation with a large diversity developed in
the country. In 1758, Knoop described around 300 varieties that were grown in the Netherlands at that
time. The tradition of growing and deveplag apple cultivars is part of the Dutch agriculture heritage

After the Second World Wathe typeof agriculture changed froitihe small scale§ constituted by
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apples production mixed with other farm agricultural activities- to large scales definetty

intensiveapples orchards with high density of trees and production oriented.

In the process, only the cultivars that were adapted to the new practices were conserved and the old

traditional cultivars were abandoned (Van Treueren.g2@10).

The oldvarieties (cultivated before 1940), however, present many interesting traits for breeders and
have emotional value for many apple growers and consumers. In addition to the importance of
maintaining the gene pool the pomological associations started te cadkections which reflected

the regional breedingand growing appletradition. The difference between the pomological
associatiofs collections regrouped cultivars that were suited for different growth practices, as trunk
height, rootstock type and piing style, and the preferenoélocal farmers and consumers (Pelleboer
andHautman pers. comm.2011).The wish to reflect the regional tradition has led the collections to
differ from each other and therefore the variability in the varieties thabedound between the

different collectios is large(Van Treueren et al2010).

The last step andoal of the project foceson assessing the access according to traits that have
been defined andigng a deep insight on the Dutch apple varieties #ralvarieties that has been in

use during the last centuries. The major sources to assess Dutch accessiorSareHer Genetic
Resources, the Netherlands (CGNBpmologich Vereniging Noord Holland (PVN) and the
Noordelijke Pomologische VerenigindllPV). Additional evalufion and compasonwasmade using

data collected by the CGN in 1999 and 2007 (data supplied by Bertus Meijer, curator of the CGN
collection) and by Bloomers 1983.

4.1 Materialsand methods

4.1.1 Study material
In 2011, 202 different apple accessions, mainly Dutch cultivars, from the CGN apple collection were

phenotyped and scored for disease resistance, fruit quality, production, and tree architecture. In
addition, 24 accessions from Noordelijke PomologischeMgimg collection and 21 accessions from

Pomologische Vereniging Nooctdolland collection were observed and scored for architectural traits.
Centre for Genetic Resources, the Netherlg@sN), Randwijk, Gelderland

The CGN apple collection was chosen as the main material for evaluation because it displays a great
variety of Dutch orientectultivars whichcould be identified with some certainty. It is located in
Randwijk, Gelderland and consists in 28&essions. Theo | | ect i o n & $0 maatainnthe g o a |
Dutch applecultivars. However, in the past years curators decided to add to the collection cultivars
with valuable traits originating from otheountries.In order to examine and understand the main

traits releant to organic agriculture the accessions were compared base on their genetic background

15



factors. The two main factors with available information were year of cultivation and origin country of

the cultivation.

The distribution of accessions accordingtheir country oforigin and the year of cultivation are
presented in table 4alb, and the distribution of the Dutch collection according to their province of
origin is shown in figure 4.1All accessions were grafted on rootstock M.9, which confersvigaur,
maintairs a short juvenile period, and substantial productivity on low vigorous rootstock (Segura et
al., 2006).

The current trees were planted in 2008 (replanted every 10 years on a fresh soil). Three trees per
accession were planted. In soweses, trees had to be removed due to severe disease damage. The
orchard was considered to be conventionally managed under the i2gidations (Meijer pers.
comm.,201% CGN, 2012).

Noordelijke Pomologische Vereniging, Fredriksoord(NPV), Drenthe

The trees of mmological association colleoh in Fredriksoord werglanted in 1995 and consisi§

300 apple trees. The style of collecting the accessions is random and is generally made by members
who plant theirown favourite variety. Therefore, the certaingpout the identificatiorof some

accessions may be doubtful. Some accessions have been replicated twice or even multiple times due to
the collecting strategy previously mentioned. However, in 20041200rees were identified through

DNA checks. Therefar only 24 accessions were chosen in this study, based on the certainty of their
identification and theiDutch aigin. The orchards managed organically and according to the Dutch
regulations. The pruning technique and management practices were diffemantthe other

coll ections. The trees were grafted on MM106 r
growing style. This practiceeflectsthe traditional methods of apple tree managenvelmth is suited

for gardens andnsall extensive farm manageméReelleboerpers. comm., 201NPV, 2012)
Pomologische Vereniging Noctdolland (PVN), Middenbeemster, Noektblland.

The association was founded in 2002 and the first step was to establish a collection which was
representatie of the regional tradition in apple teeeultivation. According to the collection curator

there was high certainty in the accessionsd ideil
accessions and the identification of some accessions wasqeéstionable Accessions from
Pomologische Vereniging Nootdolland collection were chosen for evaluation based on the same
reasons as for the accessions in the Noordelijke Pomologische Vereniging collection. The orchard was
organicallymanagedand alsoexhibited a unique pruning technique and managemttices that

reflectthe regional pomological growth traditinrhe cultivars were grafted on thl11 rootstock

which allowsa moderate but still higher than the conventional growth, as it is in practice nowadays on

commercial applerchards grganic and conventionglifautman pers. comm., 2011; PVN, 2012
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Table 4.1a Accesiondistri bution according to their country of origin (CGN collection).

Country of origin Numberof accessions
Likely Netherland’ 100

Netherlands 58

Kazakhstan
Belgium
France

Great Britain
Germany

USA

Canada
Czech republic
Japan

Latvia

New Zealand 1

! Most likely to be Dutch origin although it is neertain

[N
©

P P P P NN O OO

Table 4.1.b Distribution of the accession according to their origin regarded to the year of cultivation at the CGN
collection

Origin of accession Likely NetherlandS  Netherlands Worldwide Total(Year of cultivation)
# Accessions bred before 1940 7 27 12 46

# Accessions bred most likely before 184 91 24 26 141

# Accessions bred after 1940 2 7 6 15

Total (origin of cultivation) 100 58 44 202

! Most likely to be Dutch origin although it is not certain.
2Most likely bred before 1940 although it is not certain.
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Number of accesions

Figure 4.1.Distribution of the Dutch accessions by provinces in the CGN collection. (CGN website, 2012).

4.1.2. Accessiorevaluation
Fruit data (quality & yield production

In September 2011, 202 accessions were evaluated for fruit quality and yield production at the CGN
collection .The accessiongere harvestednd the fruits were evaluated in the laboratory of PPO in
Randwijk. Five fruits per accession were harvested in differentspairthetree and on different trees,

if it was possible(in cases of no or low fruit production it was not possible to hanestfifuits).

Ornamental cultivars were excluded (21 ornamental cultiv@itsd. choice of descriptors for fruit
evaluation was based drateu r wak (2 0 1 0) and on PPO6s internal sc

taking international standards into account.

BaseColour. The base colour of the fruit was classified irtteeé different groupsofange, yellow
and geen). Baseon t he Eufrinbés descriptors |list (table
list were easy to recognize and therefore the basersoleerecategorized in thregroups only.

Table 4.2Base colour categories

Category  Ground Colour

Red

Orange

CreamWhite

Yellow('Golden Delicious')

Green Yellow ('Cox Orange Pippin’)
Green (‘Granny Smith')

D Ok~ WN P
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Over colour comprisa five different categorig (red, reepurple, purple, lbwn and orange). The
method to assess the colour was unlike the methodology suggested by Eufrin due to different colours

obtained in practice.

Over colour % The cover percentage of the over colourlanftuit (over colour area/fruit area*100).

Base colour

Over colour

Figure 4.2 Demonstration of base colour and over colour.

Shape:the assessment was based on the PPO methodology to assess apple fruit shape (appendix Il
Eufrin, 2011).

Fruit size (mm)Fruit were measured for their diareeticcording to the PPO Meth@gufrin, 2011).

Table 4.3Fruit size descriptor
Fruit size Level Fruit size Diameter(Mm)
<45
4550
50-55
55-60
60-65
65-70
70-75
75-80
80-85
85-90
90-95
95-100
100-105

© 0O ~N O O b W DN P
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Figure 4.3.The frames used for fruit size assessment.

Brix: Sugar level was determined by brikhe measurementsere done by Refractometer, Atago
ATC-1 Brix 0-32%.

Yield (G5): The evaluation was made by estimatthg fruit load on the tree and on the ground. The
estimation was made by observationthg total cover of the appl@sa percentage of the green leaf
area. In order to assess the yield production in kilogram, one tree from each category was chosen as a

reference to assess the average yieldategory Kg fruit/ Tree).

Table 4.4 yield scale in Kg/tree
Yield Scale Kgltree
0 0
1-5
5-10
1015

1520
20-25

abr wnN -
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Fruit drop %: was calculated as the estimated percentafmiobn the ground out the total number of
fruit (ground +tree) (cf.Table 4.5. This measurement can indicate the period of the optimal time for
harvest. Hence, early cultivawill have a high percentage of fruit drop (based on Elstar as a reference
which is harvested on the mid of September)

Table 4.5Fruit drop scales in %
Fruit drop categories  Fruit drop %
5%
10%
20%
30%
40%
50%
60%
70%
80%
90-100%

© 00 NO O b~ WDN P

=
o

Acidity: Sugar ratiowas evaluated by taste .There dominantthe flavour the higher the number
used to describe.i{Table 4.6

Table 4.6 Acidity :Sugar ratio descriptor
Acidity: Sugar ratio  Description

I The sourness and sweetness arthersame level
12 Thesweetness slightly stronger than the sournes
13 Thesweetnesg stronger than the sourness

4 Thesweetnesss much stronger than the sourness
21 The sourness is slightly stronger than sweetens
3\1 The sourness is stronger tisaveetness

A1 The sourness is much stronger thereetness

Sample: the number of fruits per accession was 5 .In some cases there was no fruit at all on the tree or
very small amounand thereforehe sample was scored lower than 5.The fruits were harvested from

all parts of the tree and from all ther8es.

Firmness (19): evaluated by tasting the apples. Firmness is usually measuiegdnetrometeand
describes withkg/cnf units However dueo time constraint firmness was evaluated by tasting the

fruits.
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Table 4.7Firmness scale descriptor

Scale Description

Very soft

Soft

Slightly soft

Preferably for eating (soft)
X

Slightly Hard
Hard
Very Hard

1

2

3

4

5

6 Preferably for eating (Hard)
7

8

9

X =

Intermediate score

Taste(1-5): wasevaluated based on Eufrin taste descriptor (Eufrin, 2011) and presented on table 2.9

Table 4.8 Taste scale descriptor

Scale Taste

1 Extremely poor
2 Poor

3 Intermediate

4 Good

5 Excellent

Ripeness level (9): wasevaluated by taste, colour of slseand knocking sounds. (Table}4.9

Table 4.9 Ripeness scale descriptor
Ripeness Fruit ripenesslescription

1 Extremely hard with strong astringency taste
Hard for eating with astringendgste
Slightly hard for eating
Good ripeness level for eating, slightly hard.
Good ripeness level for eating

Slightly soft for eating
Some parts of the fruit are soft

Large part of the fruit is rotten

© 00 NO O b W DN

the entire fruit is Rotten
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Skin (29): width of the skin evaluated by tasting the fruit and the appearance.

Table 4.10 Skin scale descriptor
Scale Skin description

1 Very thin skin

2 X

3 Thin skin

4 X

5 Medium size of skin
6 X

7 Thin skin

8 X

9 Very thick skin

X =

Intermediate score

In addition to the evaluation, pictures were taken for almost all the accessions (ornamental varieties
excluded) in order to document the fruit appearance (shape size and colour) and the inner part of the

fruits. The seed colour and the general appearainte inner partvererecorded as well.

All pictures were takeatthe same background and indicate the size and colour of the fruits

Figure 4.4.Fruit photo Groninger Kroon (Accessiomumber 8 from the CGN collection

Remaks 1 Additional information was written in the protocol in order tondicate exceptional
phenomenor{biennial behaviour, leaf greennesgdication for nitrogen use efficiency and unique

appearance which can indicate diseases).
Disease resistance

In September 2011, 202 accessiohthe CGN collection were evaluated for disease resistance. Scab
powdery mildew and canker were scored for eastessionThe orchard in Randwijk is managed in a
conventional way which means that apple scab and powdery mildew are treated by chemioagj. spray
Canker is treated by removal of infected parts and in some case the whole tree was removed. Scab,
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powdery mildew and canker were chosen for observation because of their predominance in Dutch

apples orchards as descrilizfore

The evaluation was madi®sed on the methodology developed by Lateur and the guidance of Applied
Plant Research (PPO) staff (Lateur, @0WeijerandAnbergenpers. comm.2011)

Powdery mildew(0-9) the scorearebased on visi ble symptoms on | eav
at al | batteb d e ves presenting the symptomo. The s
Popular (1996) andreshown in table 4.11

Table 4.11Global assessment scale for evaluation of powdery mildew@dosphaera leucotricha
on apple leaves, top shoots and flower clusters(Lateur ,1999)

Scale Field observations

0 No visible macroscopic symptoms

1 Very Few leaves with secondary infecti@5%)

2 Secondary infections on leaves immediately apparent, infected leaves thinly sc

over the tree (5%)no primary infection

3 Same as 2 but very few primary infections are visible

4 X

5 Widespread secondary infection over the tremajority of leaves with secondal
infections, few twigs or flower clusters with primary infection

6 X

7 Heavy infection, about half of the shoots have primary infections

8 X

9 Extremely heavy infection, nearly all twigs have primary infection

X = Intermediate rating

Primary infection indicated more severe infection which highly influences the tree productivii
growth.

Secondary infection shown as moderate symptoms.

Scab (0-9) score ranking was based on the leaves and fruits symptomsdQistary f or fino sy mp
all 6 and 9 io6nbkde acvaetsi npgr efisaed nit itnrgeet he symptomd. The

& Popular, 1996, evaluation method and presented on table 4.12

Figure 4.5. Scab symptoms on the leaves.
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Table 4.12 Global assessment scale for scab infectioNénturia inaequalis)on leaves and fruits
(Lateur&Populer,1996)

Scale

Field observations

~NOoO Ol WNEFLO

No visible symptom

A few small scab spots are detectible on close scrutiny of the tree

X

Scab immediatelppparent, with lesions very thinly scattered over the tree
X

infection widespread over the tree ,majority of leaves with at least one le:
X

heavy infection; multiple lesions or more large surfaces covered by sc
most leaves

X

Maximum infection; leaves black with scab

x|© oo

=Intermediate rating

Canker: The scores were given accordingtbe number of symptoms per tree (0 symptenis, 1

symptom= 1, 2 symptoms= 2 etc.). The final score for canker susceptibility and evolutfmer

accession was made by the average symptoms per tree.

Canker symptoms - The
accessions were assessed
for their canker
susceptibility according to
the symptoms on average
per tree.

Figure 4.6.Canker Symptom
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Tree architecture

In fall 2011, 202accessions from the CGN collection, 24 accessions from Noordelijke Pomologische
Vereniging collection and 21 accessions from Pomologische Vereniging dodehd collection

were scored for architecturafaits. The traitswere chosen according to the im#ews and the
importance for organic apple growers (brieflgscribed or3.1 results) The ranking system was
developed in collaboratiowith the PPO guidelineand was based on interviews and literature study
completed for the tree ideotype conception. For organic agriculture the best ranking is not necessarily

9 as justified in théree ideotype description

The methodology used to describe tree architectuscomnty partly inspired b¥ufrin (Eufrin, 2011).

The common classification of tree architectural type is divided into four groups according to tree
growth,the distributionof the brancheandthe fruit position (espinasse, 19F.7However, according

to this classification assessment should take place when the trees are 10 years old according to Upov
(International Union for the Protection of New Varieties of Plarfsirthermore, this methodology

was not reflecting the interest of organic growers, breeaietlsresearchsiin the Netherlands who

were curious about a more detailed description of the different architectissl

New shoots Average growth (cm)The average size of the new shoots was estimated by observations

of the new shoots grown duritige st yeafAccording tofigure 2.4 presented in table 4.13.

Table 4.13New shoots Average growth
Scale Average growth (cm)

<10

10

1520

20-25

2530

30-35

3540

>40

0O NO OB WDN P
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New shoots regrowth {9): The number of new shootfter pruning last year waunted. According
to the pruning strategy in Randwijk, new shoots grow in the space left between branches in the top
centre and in the bottom centre.

Table 4.14.New shoot regrowth scale descriptor

Scale New shoots indication

No Shoots

X

Low amount

X

Moderate amount

High amount
X
Extremely high

intermediate scale

1

2

3

4

5

6 X
7

8

9

X =

9 The preferably scales for organic growers are betwen

Bol d Br a-9):.cThe rudber(ofl the buds and the shogtsw on the side branches were
estimated and scored. A score = 1 referred to fAb

and shoot densities.

Table 4.15! Bol d Branchesd® Scale des

Scale Branch description
1 The branches are completdélyld
X
3 Small amount of buds and spurs on the branches
4 X
5 Moderate density of spurs and buds on the branches
6 X
7 High density of spurs and buds on the branches
8 X
9 Extremely high density of spurs and buds on the branche
X = Intermediatescale

1 The preferably scales for orgargrowers are between 570
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Stem Diameter (mmY.he trunk diameter was measured 5 cm above the grafting connection, indicating

another perspective of vigorous behaviour.

Table.4.16Stem Diameter scales
Scale Stem diameter (mm)
20-25
25-30
30-35
3540
4045
4550
50-55

N o o WDN Bk

Speed of growth (@): The tree vigour was reflected in this parameter. The growth of the main trunk,
the size of branches, regrowth of new shoots and their sizesllags the density of foliage were the

mainfactors taken into account for tiparameter.

Table 4.17 Speed of growth scales descriptoEurfrin, 2011)
Scale Tree growth description

1 . extremely weak

2 X

3 : weak

4 X

5 : intermediate (‘'Smoothee")
6 X

7 : vigorous

8 X

9 . extremely vigorous

X =intermediate scale

9 The preferably scales for organic growers are betwe®n 5

28



Branches(@9:Ahgl eaxcessionbébs branches were observed

description (M&M 2.1 Figure2.1).The flexibility of the branches was also taken into account.

Table 4.18 B r a anglésewalés descriptor
Scale Angle between thbranches and the main trunk Flexibility of the branches

1 30° Low
2 30° High
3 30°-60° Low
4 30°60° High
5 X X

6 60°-90° Low
7 60°-90 High
8 90°>-120 Low
9 90°>-120 High

X = intermediate scale
1 The preferably scales for organic growerstsveen

General Architecturalscore (19): The score was given based ol the parameters shown above.
Additional parameters such as ratio between the width of the branches and the main2risn&n(bptimal

ratio), branchdistribution (symmetric or asymmetric) were also taken in ceanation.

Table 4.19 General Architecture score descriptor
Score Description

1 All architecture scoresut of the preferably range (difference of at least 2 ranking points) accc
to the organiscalé. Poor scordor the additional remarks

2 All the achitecture scoresut of the preferably range (difference of at least 1 ranking p
according to the organic scakoor scordor the additional remarks

3 Most achitecture scoresut for the preferably range (difference of at least danking point)
according tdhe organic scale. Poor score for the additional remarks.

4 X

5 Fewarchitecture scores on tipeeferably range for the orgarscale(difference of at least 1 rankin
point). Medium performances for the additional remarks.

6 X

7 Someof the architecture scorem the preferably range for the organic scalg&ood scordor the

additional remarks.

8 Almost all achitecture scoresn the preferably range for the organic scaBood scordor the
additional remarks

9 All architecturescores a the scale. Great scdi@ the additional remarks

X =intermediate scale

! = The scales that indicated as preferable for organic agriculture on the previous tables

2= Additional remarks refers to symmetric distribution of the branches , the ratio between the main tt

and branches diameters.
f The preferably scales for organic growers are between 7
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Tree architecture was documented on pictures as whlth can indicate general branching and
growth habit.

Figure 4.7.General appearance of tree architecture. (Groninger Peppeling, accession 5 at the CGN

collection).

202 accessions in total were observed from the CGN collection in Randwijk. Adttessions were

scored for performance for all architecture and disease susceptibility traits. Fruit quality traits were not

scored for some accessions because of low yield production and over ripeness level. The ornamental

accessions (21) were excludedrir fruit quality measurements. An overall view of the observations is

presented on the table20below.

Table 4.20 Observed accession per fruit quality traits in the CGN collection. (2011).

Trait Number of observed accession Missing Values
Yield 202 0
Fruit drop% 202 0
Shape 136 66
Fruit diameter size 136 66
Over colour 136 66
Over colour% 136 66
Base Colour 136 66
Brix 129 73
Firmness 129 73
Ripeness level 129 73
Acidity: Sugar ratio 127 75
Taste 127 75
Skin 127 75

*Missing values due to nygield, over ripeness and 21 ornamental accessions that were excluded.
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4.1.3 Statistical analysis
The statistical analyses were undertakgth Genest& 14th edition.

Multivariate analysis
A Principal Component Analysis (PCA) was performed to analyse the information contained into the

multivariate data. In order to reduce the variance between the different variables, all the data were
standardized to fit the same scale. A correlation matrs constructed to indicate traits that have
similarities and might bénegatively correlated (Eriksson, 2001). The results were visualized in a biplot
graph. The accessions were labelled according to their origin andfyealtivationin order to obtai

clusters based on those parametieraddition major traits were subjected to descripsitatistics. Traits

which seemed relatively correlated according to their axethe PCAanalysis werdurther examined

with a linear regression.

Origin and yearof cultivation comparison
A comparison based on the country of origin was performed to assess the existence of suitable traits for

organic management among the Dutch cultivars. In addition, the accessions were divitled gntups
according to the yeasf release to investigate potential differences between modern cultivars originating
from breeding programs focusing on yield production and old cultivars originating from breeding
programs emphasizg fruit quality (before 1940)Fruit quality, architectal traits, yield and disease
susceptibility were tested. The data were analygéd two sample Ttest, one variate with group factor
dueto the unequal number of observations between the groups.

Architecture comparison within the same accessions eealuatdifferent collections was conducted by
Anova, unbalanced design due to the unequal eurob observationsvhich creates unequal variance
between thgroups, considering interaction between collection and accession name. All architeaitgral

wereexamined.

Additional data sets analysis
To give wider and more idepth comparisons, additional disease susceptibility analyses were carried out,

by combining data collected at the CGN in 1999 and 2007 (supplied by Bertus Meijer, Curator of the CGN
cadlection) and by Bloomersl983. Al data setswere standardized to fit the same scaleréduce large
differences ofvariance resultinfrom different measurement methods. An Anova (unbalanced design) was

performed to check for differences between years, cultivars and interactions.
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4.2 Results

4.2.1 General distribution of the measured traits and variation within the CGN collection

The variation within the CGN collection

Comparison between old cultivars (bred before 1940) and new cultivars (bred after 1940)

The CGN collection contains accessions that were cultivated during the last 4 centuries, showing a great diversi
between the agronomic traits which are highly important for the organic growers. The years of cultivation
reflecting the trend of thdreeding and the cultivation at the timecultivation and being in us&heobjective of

apple breeding hashanged after th&econd World War form small scales farmto a more productive farm
system. The next graptshow the great diversity in the fruiquality and production, architecture andehse
susceptibility traits referring to the year of cultivation or the year tatvaiety was bred. Accessions without
availableinformation about theultivation year aremarkedasoMo s t | i k el youthokthecassemptio® 4 0 ¢
that cultivars that was bred after 1940 was documented and registered as a new variety. However, it is possible t
some of the accessions weredaround 1940 and thereforeshe accessi ons are regard
1 9 4t6 avoid any misassumptions.

Comparison between cultivars from different origin
An important cultural aspect for apple growers is to find local varieties which can be grown in organic condition or

can be used as potential parents for future orgargeding program Therefore another comparisobetween
cultivars from worldwide origin and cultivar from the Netherlands was carried. dAtcessions without any

information about their origin regarded as 6Most L

Although thereds uncertainty of 100 accessionsoat theirorigin, it seems thathese accessions haagintegral
part of the Dutch appld@radition due to the reason that those accessions maidtain the pomological

a s s o c icalléciomandadthe CGN collection

Comparison summaiiyyear of cultivation
In order to examine significant differences within the different origin and year gwagtipgwo sample Ttestwas

carried out. Theables 4.2.1 and 4.2.4¢ontain the most important traits that influence onheeategory and
excluded nonlinear traits (appearance traits for instance). All traits aiiignificant difference are included. In
order to ompae cultivars thatvere bred or fist discovered after world wawith the focus on high vyield, to
cultivars that has been in use before for their importgrareomic traits of architecturéruit quality and disease
resistancgthe accessi@were divided into two groups according to the data available on thevwbkite,2012.

The year of cultivatioror first being in use after breeding@&f accessions out of 202 is known. 46 cultivars were
bred before 1940 and 16 after 1940 and 141 accesar@mot known (most likely before 1940). However it is
more than likely that those accessions were bredddf®40.Because of the uncertainty, those accessions were
excludal from the statistical analysi$he @mpaed traits in table 4.2.1 were not significantly different between
the two categories (p valze0.05) except fotheyield production (p value §.001). Neither disease susceptibility

or tree architecture traitiffer significantly between those groupehe general mean score for yield production for
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cultivar bred before 1940 wds98 andafter 1940 was 3.55, with least significant difference sofre.92 that
indicates remarkable differercdetween the two groupsdowever it is highly important to regard to the
differences of ripeness time of the fruits between the cultivars. It is possible that some reallyareetiés v
(ripeness time in Juneff instancewere excluded due to the time of thieservationsrGid-September). However,
the possibility that these earlyarieties did not show any tracks of fruit on the ground is low. Therefore the
conclusions that can be made out of the yield compamserimited and give a slight indication about the
differencesetween cultivarthat bred before and after 1940.

Comparisonsummaryi Country of origin
Out of 202 accessions, 102 accessiamgean available information about thairigin (CGN, 2011). 58 bred in

the Netherlands, 44 worldwide and 100 accessions areownkiiMost likely to be Dutch)Because of the

uncertaintytheseaccessions were excluded from the statistical analysis

The categories that shown significant difference between Dutch accessions and worldwide orggioracce
(results shown irtable 4.2.2) were fruit quality and production. Architecture traitd diseases susceptibility

were not significantly different between the two origin categories (P value> Tl@bYraitson fruit quality that

show clear differences were brix level and yield production. Brix level was significant higher for Dutch
accessins (Mean =14.72) than worldwidiccessionsnjean=13.75) wittp value = 0.04and least significant

score (L.S.D) of 0.93. Dutch accessions shows higher yield production (mean =2.47) than worldwide accessior
(mean=1.73) with p value=0.03 and least signiftcscore of 0.68However this comparison is limited dtathe

reason that mentioned on the years of cultivation comparison above.

Fruit data (Quality, Production and Appearance)

The next figures are presenting the diversity of apple fruit quality Wes measured. Subjective
measurements of traits that based on taste and ripenesgdsteh idity sugar ratio, firmnesspeness and
skin) were excludeftfom thisreport. The effects of narrowing down the biodiversity can clearly be shown
on figure 4.2.1 (base colour), 4.2.2o¢er colour) and 4.2.%&, b (shape)These traits are indicating the
appearance of the fruits.

33



The base colour distribution according to the year show slightly higher percentage for the yellow colour

while on thedistribution according to the origin only the Dutch accession shows the same trend.

For both comparisons it is clear that orange base colour was discriminate while yellow and green
distribution isalmostequal. The main phenomenon that can be seen is ijie ercentage of yellow
colour compared to green colowithin the Dutch accessions and the accessions e bred after

1940.

a) Distribution referring to the culiation yer (%) c) Distribution referring to the origin (%)
MW Most likely before 194 B MLN
0 O Before 1940 70
ONLD
B After 1940
60 60 @WW
50 1\? 50
40 \% 40
%30 %30
20 20
10 \\ 10
Green Yellow Orange Green Yellow Orange
b) Distribution referring to the cultivatin year d) Distribution referring to the origin
(observations) (observations).
Base Most likely before| Before After
Colour 1940 1940 1940 Base Colour | MLN NLD WwW
Green 40 15 4 Green 30 19 10
Orange 5 1 2 Orange 5 1 2
Yellow 43 18 6
Yellow 28 29 10
Total 88 34 12 Total 63 49 22
MLN=most likely Netherlands,
NLD=The NetherlandyW=worldwide

Figure 4.21 Base colour distributions referring to year of cultivation and the origin. For each category the results
shown as percentage out of the total observation within the category and the tables below indicated the actual
observations.
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The ower colour distribution (figure 4.2.2) is cleaitythe favour of red colour while all the other colours
were @andoned for all the categori¢sowever, the varieties that webeed before 1940w ahigher
percentage of red colour inmparison vith varieties that weréred after1940. 80% of the accessions
that weremost likely bred before 1940 and 71.87% that bredrbet®40 found with red colour,hile

the distribution for accessions thvag¢rebred after 1940 is more equally speared but whiggreference
for red colour. For the worldwide accessions 85%etwmred colour while the Dutch accession and the
most likely Dutchaccessions shomore moderate distribution.

a) Distribution referring to the cultivation yeg%) c) Distribution referring to the origin (%)

H Most likely before 194(

90 1 O Before 1940 % mMLN
80 - O After 1940
80 -
70 -
60 -
X "
50 -
40 -
30 A
20 A
Orange Brown Red Red Purple Purple Orange Brown Red Red PurplePurple
b) Distribution referring to the cultivatiogear d) Distribution referring to the origin (observations).
(Observations)
Most likely before Before After Overcolour | MLN NLD WW
Over colour | 1940 1940 1940
Brown 3 3 1
Brown 3 2 2
Orange 0 3 1
Orange 2 2 1
Purple 8 4 1
Purple 10 2 0
Red 42 31 17
Red 60 23 7
Red Purple | 0 5 0
Red Purple | 0 3 2
Total 53 46 20
Total 75 32 12

MLN=most likely Netherlands,

NLD=The Netherlands, WW=worldwide

Figure 4.22 colour distribution referring to year of cultivation and the origin. For each category the results shown
as a pecentage out of the total observation within the category and the tables below indicated the actual
observations.
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The hgh percentges for fruit shape 3.arecommon for the accessions that were bred after 1940 and
bred before 1940The accessions that wdyeedmost likely before 194€he distribution of shapesahd
3.2 is almost equalvhile 4.1 found with dit lower percentages.

a) Distribution referringto Cultivation year (%)

50 4 W Most likely before 1940
45 1 O Before 1940

40 1 B After 1940
35 -

30 -
25
20 -
15 -
10 -

|

%

B

11 1.2 22 23 31 32 41 42 51

Shapecode

b)Distribution referring to Cultivation yeafobservations).

Shape code Most likely before 1940 Before 1940 After 1940
1.1 0 0 1
1.2 3 2 0
13 0 3 0
21 3 2 0
2.2 9 4 0
2.3 1 0 0
3.1 23 10 6
3.2 26 7 2
4.1 18 4 3
4.2 6 1 1
5.1 0 1 0
Total 89 34 13

Figure .4.23a. Fruit Shapelistribution referring to year of cultivation. The results shown as a percentage out of the
total observation within the category and the tables belalicated the actual observatiafSruit shape descriptor
in appendix I)
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For the accessions fromorldwide and most likely Netherlands, shape 3.2 shows the highest numbers

while for the Dutch accession 3.1 and 3.2 fruit shapes were observed with the same numbers.

a) Distribution referring to the origin (percentage %)

35 1 EMLN

ONLD

30 a
25
%20

15 A

10 -

11 12 13 2.1 2.2 2.3 3.1 3.2 4.1 4.2 5.1

Shapecode

b) Distribution referring to the origin (observations).

Shape code MLN NLD WwW
1.1 0 0 1
1.2 3 1 1
1.3 1 2 0
2.1 3 1 1
2.2 6 5 2
2.3 0 1 0
3.1 19 14 6
3.2 14 14 7
4.1 14 8 3
4.2 4 3 1
5.1 0 0 1
Total 64 49 23

MLN=most likely Netherlands, NLD=The Netherlands, WW=worldwide

Figure.4.23b. Fruit Shape distribution referring to origin of cultivation. The results shownmes@entage out of
the total observation within the category and the tables belovcdtetl the actual observatiolisruit shape
descriptor in appendix ).
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The trend offruit sizesshows regarding to all accessigrespreference for fruiliameter of 7880 mm.
However big fruit sizes (categories 11,12 and 13 ) are mostly among cultivars who were bred before
1940.While for the accessions that wdyeed after 1940 it is possible to find small fruit sizestegory
land?2)

a) Distribution referring to Cultivation year (%)

W Most likely before 1940
30 - O Before 1940

After 1940

%

. ﬂ |
3 4 5 6 7

12 13
Fruit size level
b) Distribution referring to the Cultivatiogear (observations) c) Fruit size level in mm
Fruit size| Most likely before 1940 | Before 1940 | After 1940 Fruit size Level E'i‘;irtneter(Mm) size
1 3 1 3 1 <5
2 1 0 L 2 4550
3 2 0 0 3 50-55
4 2 0 0 4 55-60
5 2 0 0 5 60-65
6 3 2 0 6 6570
! 6 5 L 7 70-75
8 17 9 3 8 7580
9 20 4 2 9 80.85
10 13 3 2 10 85.90
11 14 6 1 1 90.95
12 4 L 0 12 95100
13 2 3 0 13 100105
Total 89 34 13

Figure 4.24a. Fruit diameter sizes distribution referring to the year of cultivation. The results shown as a
percentage out of the total observation within the category and the tables below indicated the actual observations.
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Fruit sizes of 780mm diameterwere foundin higherpercentages fadbutch accessiong-or the most

likely Netherlandsthe observation of accessions with fruit sizes level of 8 and 9 is echild,far the
worldwide accessions bigger level sizes are prefe(@nl®)and thedistribution is moranoderate than

in the other two groups. A large group of accessions with size level of 1was found within the worldwide

accessions.

a) Distribution referring to the origin (%)

EMLN

ONLD

BWW

%

12 13

Fruit size level

b) Distribution referring to the dgin (Observations) c¢) Fruit size level in mm
Fruit size MLN NLD wWw
1 3 1 3 Fruit size Level | Fruit size Diameter(Mm)
2 1 0 1 1 <45
3 1 0 1 2 4550
4 2 0 0 3 5055
5 2 0 0 4 55-60
6 3 1 1 5 60-65
7 6 5 1 6 6570
8 13 14 2 7 7075
9 13 9 4 8 75-80
10 8 6 4 9 80-85
11 6 12 3 10 85-90
12 4 0 1 11 9095
13 1 2 12 95-100
Total 64 49 23 13 100-105

MLN=most likely Netherlands, NLD=The Netherlands, WW=worldwide

Figure 4.24b. Fruit diameter sizes distribution referring to the origin of cultivation. The results shown as a
percentage out of the total observation within the category and the tables below indicated the actual observations.
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Most of theBrix accessiongsugar levePb) values vary betweeri4-15. However, it seems that there is

a higher percentage of high sugar content (16 and 19 Brix levels) within the accession that were bred
after 1940.The brix level was not significantly different between cultivars bred befateatiar 1940

(Table 4.2.1).

a) Distribution referring to the cultivation year (%)

35 -
W Most likely before 1940
30 - OBefore 1940
[ After 1940
25 -
% 20 - ]
15 -
2
10 - )
2
5 u
0
10 11 12 13 14 15 16 17 18 19 20
Brix level

b) Distribution referring to the cultivation year (observations)

Brix (sugar level %) Most likely before 1940 Before 1940 After 1940
10 1 1 0
11 4 1 1
12 4 1 0
13 14 6 0
14 23 8 3
15 18 9 3
16 14 3 2
17 3 2 0
18 2 1 0
19 2 1 1
20 1 0 0
Total 86 33 10

Figure 4.25a Fruit Brix (sugar level %) distribution referring to year of cultivation. The results shown as a
percentage out of the total observation within the category and the tables below indicated the actual observations.
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Most of the accession frorworldwide showmoderate levels of sugar content (categorieslBiwhile
the Dutch and most likely Netherland origiaccessionshew more moderatalistribution and higher
Brix levels. The brix level was significantly highep (value=0.04)for the Dutch accessions coarp to
the worldwide accessioif$able 4.2.2).

a) Distribution referring to the origin (%)

45 7 mMLN
40 1 3] ONLD
35 - % BWW
30 - Q -
=
25 3
20
%
15

10

10 11 12 13 14 15 16 17 18 19 20
Brix level

b) Distribution referring to the origin (Observations)

Brix (sugar level %) | MLN | NLD | WW
10 1 0
11 2
12 2 1
13 10 6 3
14 16 10 8
15 9 15 6
16 13 5 0
17 3 1 0
18 2 2 0
19 1 0
20 3 0
Total 61 48 20

MLN=most likely Netherlands, NLD=The Netherlands, WW=worldwide

Figure 4.25b Fruit Brix (sugar level %) distribution referring to origin of cultivation. The results shown as a
percentage out dhe total observation within the category and the tables below indicated the actual observations.
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Yield production for cultivars that were bred after 1940, were obvidosigd ina high percentage within

the 5 and highest category of yield level while tither groups present more moderate distribution between
the different levels of yield production. For the accession that was cultivated in the Netherlands and most
likely in the Netherlands the distribution is moderate. However for the worldwide aagession, there is a

large group that showed no production at dleld productionwas found significantly highefp value <

0.01) for to accessions bred after 1940 compare to accessiedsbefore 194@table 4.2.1) The Dutch
accessions had higher ieproduction than the worldwide accessigpnyalue=0.03).

a) Distribution referring to the cultivation year (%) c) Distribution referring to the origin (%)
60 - B Most likely before 1940 60 - EMLN
50 - O Before 1940 ] 50 | ONLD
@ After 1940 ] aww
40 - \\Q 40 - Q‘Q
\ \
%30 - o % 30| B
<
20 20 -
0 — b — ] 0
0 1 2 3 4 5
Yieldrank Yieldrank
b) Distribution referring to the cultivation year d) Distribution referring to theorigin
(observationy (Observations)
Score | Most likely before 1940 | Before 1940 After 1940 Score MLN NLD WW
0 |36 8 2 0 19 7 20
1 15 10 1 1 12 9 5
2 18 12 L 2 13 14 4
8 25 9 2 3 20 11 5
4 30 > 1 4 22 12 2
5 17 2 8
5 14 5 8
Total | 141 46 15
Total 100 58 44
a Indicates the range of the preferabl .
A g P y MLN=most likely Netherlands,
scales for organic growers )
NLD=The Netherlands, WW=worldwide

Figure 4.26 Yield Production distribution referrintp year of cultivation and the origin. For each category the results
shown as percentage out of the total observation within the category and the tables below indicated the actual
observations.
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Fruit drop % for the accessions thagérnebred before or madikely before 1940 wre distributed at an
equal ratio of percentagexcept of a large group thatas observedh high numbers icategories 10(100%
fruit drop ) and 2 (10%)Cultivars that werdored after 194Qveredistributed equally withthe preference
for category 2(10%) and 4 (30%).

a) Distribution referring to the cultivation year (%)

40 1 B Most likely before 1940
351 o O Before 1940
301 @ After 1940
25 - 208
% 20 - )
15 N\ \
R )
10 -
| | § ﬂ
0 . . . : . .
1 2 3 4 5 6 7 8 9 10
Fruit Drop levels
b) Distribution referring to the cultivation year (observations) c) Fruit drop scaleg%o)
Score Most likely before 1940 Before 1940 After 1940
1 4 4 5 Fruit drop categories | Fruit drop %
1 %
2 39 7 4 5%
0,
3 13 3 0 2 10%
20%
4 6 4 5 3 0%
4 30%
5 3 1 1
40%
6 5 5 0 5 0%
6 50%
7 10 4 0 (]
0,
8 9 5 1 ! 60%
70%
9 3 4 0 8 0%
0,
10 49 9 2 9 80%
1 100%
Total 141 46 15 0 90-100%

4.2.7a. Fruit Drop% distribution referring to the year of cultivation. The results shown as a percentage out of the
total observation within the category and the tables below indicated the actual observations.

43



Accessiondrom theNetherlands and most likely Netttends hadequal distribution with a preference for
groups 2 (10%) and 10(100%) while accessiomfsorldwide were found with high numbers with fruit
drops of 100%

a) Distribution referring to the origin (%)

60 -
mMLN
0 ONLD %
BWW
40 -
30 -
% \“\Q
20 \
10
o ﬁl g[%lﬁ -
1 2 3 4 5 6 7 8 9 10
Fruit Drop levels
b) Distribution referring to the origin (Observatig) ¢) Fruit drop scales in percentage
Score MLN NLD | WW Fruit drop categories | Fruit drop %
1 3 2 5 1 5%
2 32 16 2 2 10%
3 10 3 3 3 20%
4 5 6 4 4 30%
5 4 1 0 5 40%
6 3 4 3 6 50%
7 7 6 1 7 60%
8 5 8 2 8 70%
9 4 2 1 9 80%
10 27 10 23 10 90-100%
Total 100 58 44

4.2.7b. Fruit Drop% distribution referring to origin of cultivation. The results shown as a percentage out of the total
observation within the category atite tables below indicated the actual observations
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Disease susceptibilities

The symptoms of diseases that were obtained in the CGN collection were slightly shown due to the
effect of the pesticides and fungicides that are regularly sprayed. The next pgesentthe general
distribution for disease susceptibilitidsr the thre most damagingpple diseases in the Netherlands.
However,few symptoms of thee diseases can indicate a susceptible cultivar to those diseases. Canker,
on the other hand, is not treated by any chemaradistherefore the symptoms were cleéoaybtain.
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Powdery Mildew Podosphaera leucootrighsymptoms were not obtain for 60% of theul t i var s 6
accessions bred after 19465.21% & the accessions that wareuse before 1940 and 64.53% thadst

likely bred béore 1940(figure 4.2.8).The accessions of the cultivateat were bred after 1940ere

found with the most symptomsuysceptibility scale groups 1 angd Rlost of the accessiongeferring to

their origin were found without symptoms (60% and more) #r@most unsusceptible group was the

most likely Netherlands. Onlywo accessions were found withhigh susceptibility with the score of 4

(1 MLN, 1 NLD) (1 Before 1940 and 1 most likely before 194)e comparisois made in table 4.2.1

and 4.2.2 showthatthere were naignificant differences between the groups of origin tued/ear of

cultivation referring tadhedisease susceptibility.

a) Distribution referring to the cultivation year (%) c) Distribution referring to the origin (%)

70 < >
W Most likely before 1940 70 EMLN
60 60
B OBefoere 1940 = ONLD
50 5 50 3
% @ After 1940 \% ww
%40 “\\\ 40 i
o %
30 30
20 20
10 10
0 | 0 &
0 1 2 3 4 0 1 2 3 4
PowderyMildew suspectabilty scale PowderyMildew suspectabilty scale

b) Distribution referring to the cultivation year d) Distribution referring to he origin

scales for organic growers

(Observations) (Observations)
Score | Most likely before| Before After Score MLN NLD WW
1940 1940 1940
0 91 30 9 0 68 35 27
1 6 1 1 1 5 2 1
> 38 12 5 2 25 17 15
3 3 0
3 5 0 0
4 1 1
4 1 1 0
Total 100 58 44
Total 141 46 15
a A Indicates the range of the preferably MLN=most likely Netherlands,

NLD=The Netherlands, WW=worldwide

Figure 4.28 Powdery Mildew Susceptibility scales distribution referring to year of cultivation and the origin. For
each category the results shown as percentage out of the total observation within the category and the tables below
indicated the actual observations.

93.33%o0f the accessions that were bred after 1@&@efound without any symptoms of Scadgnturia

inaequalid (figure 4.2.9). Acessions that werered beforel940 or most likely beforalso showd low
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susceptibility with 70% and 80% matchingndgot the score of ho symptoms)Accessions tharebred

beforeor most likely before 194@erefound inhigherpercentages withigroups 1, 2 and 3 on the scab

scale which obtain higher susceptibilityThe only accession that wasbtained with relative high
symptomsbred most likgl before 1940The worldwide accessionshowedthe lowest susceptibility with

the highest percentage in scale 0 and lower percentages in the other groups. The only accession that was
obtained with relative high symptoms was bneaist likely in the Netherlands.

a) Distribution referring to the cultiation year (%) c) Distribution referring to the origin (%)
100 - €—> 90 €——>
B Most likely before 1940 EMLN
90 80 ﬁ
80 0O Befoere 1940
70 ONLD
70 [ After 1940 60
50
% 50 % %
40 )
40 %
30 30
20 20
0 0 - | Ee] - .
0 1 2 3 0 1 2 3
Scabsuspectabilty scale Scabsuspectabilty scale
b) Distribution referring to the cultivatin year d) Distribution referring to the origin
(Observations) (Observations)
Score | Most likely before| Before After Score MLN NLD WW
1940 1940 1940
0 114 33 14
0 77 47 37
1 2 1 0
2 22 12 1 1 3 9 0
2 17 11
3 3 0 0
3 3 0
Total | 141 46 15
Total 100 58 44
a A Indicates the range of the preferably MLN=most likely Netherlands,
scales for organic growers .
g g NLD=The Netherlands, WW=worldwide

Figure 4.29 ScabSusceptibility scales distribution referring to year of cultivation and the origin. For each category
the results shown as percentage out of the total observation within the category and the tables below indicated the
actual observations.

The Canker Neonectria galligenpresults presentechere as a numbe of symptoms per tree (figure
4.2.10). However it is possible that some tse@ere removed due to a severe canker infectiand
therefore for some of the accessions the average could be highedso possible that those trees had to

be removeddr other reasomiand therefore the assumption efmmovedirees due to canker infection was
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excluded.Accessionghat werebred after 1940 showed higher number of symptoms per tree with the
lowest percentages in group (6o symptoms) and higher percentages in theugs that indicated
symptomsThe worldwideand the Netherlandsccessionshowed higher percentages than thesnbkely

Netherlands.
a) Distribution referring to the cultivation year (%)  c) Distribution referring to the origin (%)
80 m Most likely before 80 &>
1940 EMLN
70 [JBefoere 1940 70 - ONLD
L]
60 £ After 1940 60 % EWW
50 o 3
% 50
% 40 % 40
30 30
20 20
10 10
0 0
0 0.33 05 0.66 1 1.33 15 0 033 05 066 1 133 15
Canker symphtoms per tree Canker symphtoms per tree
b) Distribution referring to the culiation year d) Distribution referring to the origin
(Observations) (Observations)
score Most likely before| Before 1940 After Score MLN NLD Ww
1940 1940
0333 57 10 5 0333 |20 12 10
05 5 0 0 0.5 2 2 1
0.666 | 6 2 2 0666 |1 5 4
15 T ) 0 15 1 0 0
Total 141 46 15 Total 100 58 44
. _ MLN=most likely Netherlands,
a A Indicates the range of the preferably
. NLD=The Netherlands, WW=worldwide
scales for organic growers

Figure 42.10 CankerSusceptibility scales distribution referring to year afltivation and the originFor each
category he results shown as percentage out of the total observation within the category and the tables below
indicated the actual observations.
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Tree Architecture

The resultsare presented irthe tables 4.2.1 and 4.2@o not showa significant difference for alhe
architectural traits in botthe year andthe origin comparison. However, the resultst arepresented in
the next figures rexata great diversity within the CGN collection for the architectiraracteristics
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The distributionof the scores fomew $oots average growth is spared normal with most accessions on
the scale of 3 which indicates-PB cm growth per year. However, there is a large group of accessions
that were bred after 1940 arsdorel with 6 which indicatesa growh of 3035 cm per yea(Figure
4.211a)

a) Distribution referring to the cultivation year (%)
m Most likely before 1940

351 OBefore 1940

30 A @ Afeter 1940

25 -
%

20 -

15 -

10 -

5
0 ]._\ ,
1 2 3 4 5
AvarageGrowth (cm) of new shoots
b) Distribution referring to the cultivation year (observations) c) Average growth of new shoots
scale(cm)

Scale Most likely before 1940 | Before 1940 | after 1940 Scale Average growth (cm)
1 7 1 0 1 <10
2 26 5 2 2 Ly
3 46 13 5 3 1520
4 24 9 3 4 2025
5 13 10 1 5 2530
6 15 8 3 6 30-35
7 6 0 1 7 3540
8 4 0 0 8 >40
Total 141 46 15

Figure 42.11a New shoots average growth scales distribution referring to year of cultivation. The results shown as
percentage out of the total observation within the category anthties below indicated the actual observations.
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The trend of the distribution is the same fbe origin as for the yeaof cultivation with a large

exceptional group of worldwide accession that got stwii¢h 6.

a) Distribution referring to the origiri%)

= MLN
40 -

ONLD

%

AvarageGrowth (cm )of new shoots

b) Distribution referring to the origin (observations) c) Ayegrowth of new shoots scalenf)

Score MLN NLD WW Scale Average growth (cm)
1 6 1 1 1 <10

2 22 6 5 2 10

3 30 21 13 3 1520

4 19 10 7 4 20-25

5 11 8 5 5 2530

6 9 7 10 6 3035

7 3 1 3 7 3540

8 0 4 0 8 >40

Total 100 58 44

MLN=most likely Netherlands,

NLD=The Netherlands, WW=worldwide

Figure 42.11b New shoots average growth scaléstribution referring to the origin of cultivation. The results
shown as percentage out of the total observation within the category and the tables below indicated the actual
observations.
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New shots regrowth indicatehe number of hew shoots thgrew during the last yeakost accessions
scora with 7 in all the three categorie¥he exceptional pup arethe accessions thaterebred after
1940 with high percentage$ acessions the got the score of38.3%). Figure4.212a).

a) Distribution referring to the cultivation year (%)

W Most likely before 1940

45 4

O Before 1940
40 -

[ Afeter 1940
35 - >
30 g g
25

Vv
7
7

%
20 -
15 -
10 A
5
, @ . | |
4 5 6 7 8 9

Newshhots regrowth score

a A Indicates the range of thpeeferablyscales for organic growers

b) Distribution referring to the cultivation year (Observations)

Score Most likely before 1940 Before 1940 After 1940
1 0 0 0
2 0 0 0
3 0 0 0
4 5 0 1
5 19 4 0
6 35 11 4
7 39 19 5
8 32 8 5
9 11 4 0
Total 141 46 15

Figure 4.212a.New shoots regrowth scales distribution referring to year of cultivation. The results shown as
percentage out of the total observation within ¢hgegory and the tables below indicated the actual observations.
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The accessions distribution referring to origin speared noymidibst Dutch accessiorscoral with 6

while in the other two gngps of origin most accessionstgoe score of 7.

a) Distribution referring to the origin (%)

60 - EMLN
ONLD
50 —
§ 7 BWW
w0 §
30 -
%
20 -

2
7

10 A I
0 T
4 5 6

Newshhots regrowth score

7 8 9

a A Indicates the range of tipeeferablyscales for organic growers

b) Distribution referring to the origin (observations

Score MLN | NLD WW

1 0 0 0 MLN=most likely Netherlands
2 0 0 0

3 0 0 0 NLD=The Netherlands,
4 3 1 2 WW=worldwide

5 14 |7 2

6 23 |20 7

7 29 13 21

8 25 11 9

9 6 6 3

Total 100 58 44

Figure 4.212b New shoots rgrowth scales distribution referring to origin of cultivation. The results shawn
percentage out of the total observation within the category and the tables below indicated the actual observations.
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For all year of cultivatiortategories most accessionsfoe scor e of 7 f or.13@bol d s
60% of the accessioribat werebred after 1940 got the score of 7, 52.17% of the accessionseleat

bred before got the score of 7 and 36.17% of the accessions that were bred most likely before 140 score

with 7 and showd more equal distribution compare to the other gsoup

a) Distribution referring to the cultivation year (%)

70 1 B Most likely before 1940
O Before 1940
60 - §
\ & Afeter 1940
50 -
% 40 - < — §
30 - \
0 §
10
o Ml . . : — .
4 5 6 7 8 9
'Bold Branches' score

a A Indicates the range of tipeeferablyscales for organic growers

b) Distribution referring to the cultivation year (observations).

score Most likely before 1940 Before1940 After 1940
4 5 1 0

5 14 6 2

6 38 7 2

7 51 24 9

8 31 8 2

9 2 0 0

Total 141 46 15

Figure 4.213a 6 Bol d Shootsé scales distribution referring to
percentage out of the total observation within tetegory and the tables below indicated the actual
observations.
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For all the categorie®f origin the most accessions got the score of 7 for bold shoots with a normal

distribution.

a) Distribution referring to the origin (%)

50 1 mMLN
ji : S ONLD
nww
35 - \\
30 + \%
% 25 - %
20 -
15 -
5
4 5 6 7 8 9
'‘Bold Branches' score

a A Indicates the range of the preferalsdgales for organic growers

b) Distribution referring to the origin (observations)

Score MLN NLD ww

4 5 1 0 MLN=most likelyNetherlands
5 9 8 5

6 26 12 9 NLD=The Netherlands

’ 39 25 20 WW=worldwide

8 20 12 9

9 1 0 1

Total 100 58 44

Figure 42.13b. 6 B o | dccalSstdistobutierdreferring to year ofiltivation. The results shown as percentage out
of the total observation within the category and the tables below indicated the actual observations.
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The most common Stem dieeter scale for accessiomied most likely before 1940 and after 1940 was 3
which indicates stem diameter of 3% mm. For the accessiotisat werebred before 1940 the highest
percentages were fodnn scale 5 which indicates 4 mm trunk diameter (26.08%lhe percentages
for scale 3 and 4 were a bit lower but almost e(fdgure 3.14a).

a) Distribution referring to the cultivation year (%)

40 - m Most likely before 1940
35 - OBefore 1940
30 - E Afeter 1940
25 -
%
20 -
15 §
N\ Y
10 - \
\ \

.
b

1 2 3 4 5 6 7
StemDiamter scale

b) Distribution referring to the cultivatin yea (observations)  c) stem diameter scale in mm.

Score | Most likely before 1940 | Before 1940 | After 1940 Scale | Stem diameter (cm)
1 9 1 0 1 20-25

2 23 7 3 2 25-30

3 52 11 5 3 30-35

4 36 11 2 4 3540

5 16 12 3 5 40-45

6 2 2 2 6 4550

7 3 2 0 7 50-55

Total 141 46 15

Figure 4.214a Stem diameter scales distribution referring to year of cultivation. The results shown as percentage
out of the total observation within the category and the tables below indicated the actual observations.
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For all origird categories scale numb8rwasthe most common (figure424b) However, worldwide

originbaccessions were fouma high numbers in scakethat indicates a stem diametéd0-45 mm.

a) Distribution referring to the origin (%)
45 ~ mMLN
40 ONLD
35 BWW
30
% 25
20
15
10
0
6 7
StemDiamter scale
b) Distribution referring to the agin (observations) c) stem diameter scale in mm.
Score MLN | NLD Ww Scale | Stem diameter (mm)
1 5 4 1 1 20-25
2 16 10 7 2 2530
3 33 17 18 3 30-35
4 30 14 5 4 3540
5 11 9 11 5 40-45
6 2 3 1 6 4550
7 3 1 1 7 50-55
Total 100 58 44
MLN=most likely Netherlands .NLD=The Netherlands, WW=worldwide

Figure 4.214b. Stem diameter scales distribution referring to the origin of cultivation. The results shown as
percentage out of the total observation within the category anthties below indicated the actual observations.
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Speed of growth distribution of accessions that were most likely bred before 1940 is speared in a moderate
way with aslight preference for scale numi&rAccessions thawverebred after 1940vere mody foundin
categorynumber 6 The accessions thaterebred before 194Ccategorynumber 7 was the most common
(4.215a) The peed of growth indicates the vegetative growth of the tree and therefore the optimal score
for the organic sectas 5-6.

a) Distribution referring to the cultivation year (%)

W Most likely before 1940

45 - OBefore 1940
< N
40 208 @ Afeter 1940
35 - ]
30 -
] B
o 25 %
20 -
]
15
10 -
5 \H‘% %
0 a8 R

2 3 4 5 6 7 8 9

Speedof Growth(vigourous) score

a A Indicates the range of theeeferablyscales for organic growers

b) Distribution referring to the cultivation year (Observations)

Score Most likely before 1940 | Before 1940 | After 1940
1 0 0 0
2 1 1 0
3 9 0 1
4 10 6 3
5 27 7 1
6 30 8 6
7 26 17 1
8 22 7 2
9 16 0 1
Total 141 46 15

Figure 4.215a Speed of growth scales distribution referring to year tifvation. The results showas percentage
out of thetotal observation within the category and the tables below indicated the actual observations.
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The most common scale for most likely Netherlandsessionsvas 6 (25%), Netherlas 7 (27.59%)
and worldwideaccessions equallgistributed betweem and 8. (20.45%)The Dutch accessions were
foundin high numbers (20.68%) in tHe scale This speed of growth is preferréor the organic apple

growers.

a) Distribution referring to the origin (%)

30 - mMLN
~ > ONLD
25 -
BWW
20 - ]
% a2 . B
15 - E\\i\,\ % % %\
N B R N
1111
5

o w1 | |
2 3 4 5 6 7 8 9
Speedof Growth(vigourous) score

a A Indicates the range of tlpeeferablyscales for organic growers

b) Distribution referring to the origin (observations)

Score MLN NLD WW

L 0 0 0 MLN=most likely Netherlands
2 1 1 0

3 2 3 0 NLD=The Netherlands
4 9 2 8 Ww=worldwide

5 16 12 7

6 25 11 8

7 19 16 9

8 13 9 9

9 10 4 3

Total 100 58 44

Figure 4.215b Speed of growth scales distribution referring to origin dfivation. The results showmas
percentage out of the total observation within the category and the tables below indicated thelmenadtions.

The score of 7 foangles of the branches on the main trunk was the most common for the accessions
that were most likely bred befod®40(30.5%) 7 and 8 for the accessions bred before 1940 (23.91%)
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and 6,7and 8 for the accessions bred aft840.The highest percentages of accesskomal with 9
were found within the accessions that were bred before 1940 ¥&)/v@8ich are the optimacore for
the organic sectdiFigure4.216a).

a) Distribution referring to the cultivation year (%)

W Most likely before 1940

N R
% \ \
15 4 % %
o - N N

3 4 5 6
Branche's angles score

a A Indicates the range of tieeeferablyscales for organic growers

b) Distribution referring to the cultivation year (observations)

Score Most likely before 1940 Before 1940 After 1940
1 0 0 0
2 0 0 0
3 2 0 0
4 11 1 1
5 15 5 1
6 19 10 4
7 43 11 4
8 38 11 4
9 13 8 1
Total 141 46 15

Figure 4.216aAngles of the branches on the main trunk scales distribution referring to year of cultivation. The
results shown as percentage out of the total observation withinategory and the tables below indicated the
actual observations.
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The most common score of the branches anfyiesaccessions that were most likely bred in the
Netherlands and worldwide origin waswhile mostof the Dutch accessiovserescoral with 8. The
highest percentages tfe score9 was found within the Dutch and most likely Netheds accessions
(~12%) (Figure4.216b) The angles of the branchesffect the yield and are highly important for
pruning methods due to tinnensuming and labowost

a) Distribution referring to the origin (%)

i 111

3 4 5 6 7 8 9

Branche's angles score

a A Indicates the range of tipeeferablyscales for organic growers

b) Distribution referring to the origin (Observations)

Score MLN NLD WwWw

1 0 0 0 .
MLN=most likely Netherlands

2 0 0 0

3 1 0 1 NLD=The Netherlands

4 4 4 5

5 10 5 6 WW=worldwide

6 20 9 4

7 29 15 14

8 24 18 11

9 12 7 3

Total 100 58 44

Figure 42.16b. Angles of the branches on the main trunk scales distribution referring to origin of cultivation. The
resultsshown as percentage out of the total observation within the category and the tables below indicated the
actual observations.
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The differencesn gen e r a | architecture scor ebranchkedealnumber gef
new shoots, angles @franchessymmetry distribution of the angles, speddymwth and the ratio
between the width othe main trunk and the brames.

Cultivars that bred after 1940(46.66%) and most likely befd@4(34.75%) were found in high
percentages with the score®f26.96 % of the cultivarbred before 1940 were scored with 7, which
is the most commorcsre for this category (Figure 41Z). None of the cultivars that were bred after
1940 got the scoref 9. Threecultivars thatwerebred most likely before 1940 dmne cultivar that
wasbred before 194Wasscored with the optimal score for the organic sect@ltivarsbred after

1940were found in low percentage under the score of 8 as well.

For all origirs a score o6 was the mast common score. 127 % of he Dutch accessions got the score
of 8 which is the relative highest percentages compare to the other groups. Howeeeof the
Dutchaccessions got the score of 9. Thmasst likely Netherlands accessions amgaccession from

worldwidewerescored with 9.
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a) Distribution referring to the cultivation year (%) c¢) Distribution referring to the origin (%)
W Most likely before 1940 & MLN
50 - 50 -
0O Before 1940
45 - ﬂ 45 - ﬁ ONLD
40 - E1 Afeter 1940 40 - \\‘\:\Q BEWW
<> &>
35 35 -
30 - 30 -
035 - 025 -
20 | % % 20 - %
15 - % ‘% 15 - %
10 10 A x\\\-s
5 i
0 | | 0 Y Y
4 5 6 7 8 9 4 5 6 7 8 9
General tree architecturscore General tree architecturscore
b) Digribution referring to the yeaobservations) c) Distribution referring to the origin
(Observations)
Score | Most likely before 1940| Before 1940 | After 1940 Score | MLN | NLD | WW
4 9 3 1 4 7 4 2
5 26 10 3 5 22 13 4
6 49 14 7 6 31 19 20
7 37 17 3 7 28 15 14
8 17 1 1 8 9 7 3
9 3 1 0 9 3 0 1
Total | 141 46 15 Total | 100 | 58 | 44
a A Indicates the range of tipeeferablyscales for .
MLN=most likely Netherlands.
organic
NLD=The Netherlands, WW=worldwide

Figure 4.217 General architecture distribution referring to year of cultivation and the origin. For each category
the results shown as percentage out of the total observatiomuiithicategory and the tables below indicated the
actual observations.
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Table 4.21 Mean comparison of the important agronomic traits for the organic sectobetweenaccessions
bred before and after world war II.

Accession cultivated before 1940 Accession cultivated after 1940 Difference

Traits tfobservations Mean  S.Deviation  #observation Mean  S.Deviation P value
Architecture score (Rank9) 46 6.52 1.07 15 6.33 0.98 0.55
Angles scores (Rank9) 46 7.09 1.35 15 6.80 1.32 0.47
Speed ofjrowth (Rank 19) 46 6.15 1.41 15 5.87 1.69 0.52
Trunk diameter (mm) 46 34.84 5.04 15 36.20 7.13 0.42
Brix (% sugar) 32 14.48 1.88 10 14.90 2.03 0.55
Yield (Rank 15) 46 1.9¢ 1.41 15 3.59 1.92 0.001
Canker (Symptoms) 46 0.13 0.26 15 0.20 0.25 0.36
Powdery Mildew (€9) 46 0.72 1.05 15 0.73 0.96 0.96
Scab (09) 46 0.54 0.89 15 0.13 0.52 0.10
®pj fferent letters indicate significant difference be

* Significant difference (walue <0.05) with L.S.D =0.92.

Table 4.22 Mean comparison of the important agronomic traitsbetweenaccession with Dutch (NLD)
origin and accession from worldwide (WW).

Netherlands Worldwide Difference
Trait # observations Mean S.Deviation # observations Mean S.Deviation P value
Architecture score (Rank9) 58 6.21 1.02 44 6.25 1.10 0.84
Angles scores (Rank9) 58 7.02 1.40 44 6.59 1.56 0.15
Speed of growth (Rankd) 58 6.09 1.50 44 6.23 1.54 0.63
Trunk diameter (mm) 58 35.90 5.26 44 35.75 7.23 0.91
Brix (% sugar) 48 14.72 1.90 20 13.7% 1.25 0.04
Yield (Rank 15) 58 2.47 1.50 44 1.7% 1.97 0.03
Canker (Symptoms) 58 0.17 0.27 44 0.15 0.22 0.71
Scab(09) 58 0.38 0.79 44 0.32 0.74 0.69
Mildew(0-9) 58 0.85 1.12 44 0.80 1.07 0.82

®Different lettersindicats i gni fi cant difference between the groupds me
! Significant difference (p value <0.05) withS.D=0.93
2 significant difference (p value <0.05) withS.D =0.68
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General descriptions of the bestiltivars performances

The accessions that showed tektively best perfanance for all othe chosen traits according to tiee
ideotype that suites for organgrowers are presented in table .8.2The accessions were chosen with
threshold scores of 7 for General Architecture, 4 for Taste, 4 for YieldCafor Combine Disease

Susceptibility, in order to represent the best 10% of the population.

Two out of sixaccessions that performadyh results for all traits af@utch origin,two are most likely the
Netherlands, one Brench ansbne fom Kazakhsta@and with the following distribution for accessions that
perform high resw$ for 3 traits; Netherland (5) most likely the Netherlands (12Belgium (1), Great
Britain (1), Canada (1) and France (1).
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Table 4.23.Accessions with theelative best performances of the important traits to organic apple

growers in the CGN collection, 2011.

Accession name Architecturé Taste Yield Disease Susceptibility

Kaz 96 0305( KAZ?) v (8)?° V (4.0 Vo4 VvV (0
Gen 174 (U) vV (@) V (4.5 Vo (4) vV (0)
Delgollune (FR) vV () vV (4.0 vV 4 AR (0)}
Lunterse Present(NLD) vV (7 vV  (4.0) vV (4) vV (0)
Rembrandt(NLD) vV (@) vV (4.0) Vo (4) vV (0)
Renette van Grathem (U) vV (7 vV  (4.0) vV (4 vV  (0)
GEN 160 (U) Vo (8) V  (4.5) vV (5) -

Belle de Lunteren (NLD) vV (8) V  (4.5) vV 4 -

Peperappel (U) vV (7) vV  (4.0) vV (5 -

Gen 208 (BEL) vV  (8) V (4.0 - AR (0)}
John Downie (GBR) AR ()] vV  (4.0) - vV (0)
Present van Hien (NLD) vV (7) vV  (4.0) - vV (0)
Schneeappel (CAN) vV (7) vV  (4.0) - vV (0)
GEN 171 (U) vV (7) V  (4.0) - vV (0)
Royal Beauty (U) vV  (8) - vV (4 vV (0)
Dessert (NLD) vV (@) - vV (5 vV (0)
Dolgo (V) vV @ - vV (5) vV (0)
Malus "Dolgo"(U) vV (7 - vV (5 vV (0)
Malus Evereste (FR) vV (7) - vV (5 vV (0)
Malus Ola (U) AR ()] - vV (5 vV (0)
Malus Prof. Sprenger (NLD) AR ()] - vV (5 vV (0)
Red jade (V) vV (@) - vV (5) AR (0)}
GEN 169 (U) vV (@) - vV (5) VvV (0)
Adams(U) vV @ - vV 4 AR (0)}
Mc Laughlin(U) vV (7) - vV (4 vV (0)
Limburgse Bellefleur (NLD) vV (7 - vV (4) vV (0)

Deljuga (V) vV  (4.0) vV (4 vV (0)

IThe hierarchy of this table is organized by the importance of the agronomic traits for the organic sector in the foll

order: Architecture: Taste : yield=disease resistance
20rigin country (NLD=Netherlands, U=unknown, BEL = Belgium, FR=France ,GBR=Great Britain ,KAZ= Kazakhs
3 Accession were chosen to be presented with the following score threshold: architecture (7), taste (4), yield (4) ai

disease resistance (0).
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Principal compound analysis (PCA)

In order to analyze the multivariate datallected in this researchRCA was conductedThe main

goal of PCA is to reduce a dataset in a multidimensional space into fewer meaningful dimensions in
order to explairobserved similarities and dissimilkdes (lezzoni & Pritts, 1991Eriksson 200). It is

based on the calculation of correlations between variables (each trait is a vafiabl®CA try to
explain the clustering of the different accessions and thelatiore between the traits based on their
variance. Therefore, in ordeeduce the variance impact of traits that scored on a different scales
variance the data was standardized to the same s¢akkfor instance was standardized to the scale

0-9 although it was originally scored betwee#.0The traits that were chosen to be analyse by PCA,
had to be without any missing values and not a component traits (gam#itdcture forexample.

The Traits (oadings) are presented in l@abBt.2.4 and showihe relative effect on the accessions

clustering.

The fird two axes in figure 4.2.184&, that best explain theariance PC1=19.98%PC2-15.66%)are
explaining35.64% of the varianc@he Loadings fraits) that contribute the most for the clusterin o
different accessions on the fiestis PG-1) arenewshoots regrowth ©.57) bold shoots (0.8) and
branches angles (0.58c 2 is explained byield (0.68, speed of growth (0.51) aratab (0.45)table
4.2.6).The biplotsthat areshown in figure4.218a b presenthe accessions according to their year of
cultivation and their origin

Clear clustering behaviowbtainedfor cultivars bred after 1940 witthree exceptionalaccessions,
Kaneelzoet (accessio#30), Geelzoet (accession #15) and Jare8t (accessio#34) (all Dutch

origin). Another biplot, labelled with accessions numbers, was conducted in order to locate the
excetional accessions (appendix)lllThe exceptional accessions are marked on the figei@y
(4.2.18a)However, there is nolear clustering easy to obtain for the cultivars that were bred before or
most likely before 1940Accessions that were bred after 1940 are characterized with relative high
scores for newshoots, bold shoots and brarghgles.The exceptional accessiopsrformed lower

scores for those traits and more susceptible for Scab and Powdery mildew and as mentioned before
they were all bred in the Netherland$ie distribution of the accessions may give an indication about
the reduction of the gene diversity. tlme fig 4.2.18a the accessions that were bred before and most
likely before are speared more equally in the space while the accessions bred after 1940 are

concentrated at @area (marked on the graphchsster of accessis bred after 1940)

The samebiplot was condued for accessions according to theiigin (figure 3.18b).The biplot
contaired the same loadings with the difference of marking the different accessions with an origin
labek instead ofcultivation year labels. The distribution of Duteimd most likely Netherlands is

equally speare@nd no clustering is easy to obtainseem that those two groups represents large

percentage of the traiki ver si ty especi al |y .inlhe wddmidesotiginl i kel y
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however, isrelatively easier to obtaira cluster The clustering isconcentrated in theentre of the
biplot with two roups of exceptioriaaccessions (marked on figure 4.2.18M)e firstgroup, Kaz 96
03-11(accession¥28) and Kaz 95 114 (accession #1567 ke top part of théiplot) is characterised

by lowyield and slow speed of growthoseaccessions are probably land races or wild species. Group
Il of the exceptional accessions are characterised by high yield and vigour dgftawitia (accession
#91), bred after 1940 iRrance and Hileri was bred inGreatBritain and most likely before 1940
(Accessior#177).

It is possible to see positive or negative correlation between traits based on the axes in the biplot which
suggest that axewith same coordinatesffect certain accessions to be related (Eriksson, 2001).
Therefore all the axes that look relative close were examine with a linear regeassigsisin order

to obtain any correlation between the traits witlatively close axigTable 4.25).

Positive correlationsvere found between Angles and Bold sho@svalue=0.0), Angles & New

shoots P value<0.0}, Yield & speed of growth.R value =0.03) Bold shoots & new Shootd

value<0.0). Positive correlation means that when a curtgioessiors cor ed hi ghodts 6,0 b«
for instance, it is likely that the same a&ien scored high for its angle®ppositecorrelation was

found betweerscab & Yield P value =0.02, which means that for a high susceptibility accession for

scab the yield was low and other way ambuAxes that seems to be close to each other, Speed of

growth &scab P value=0.75) and Scab & Powdery milde® galue=0.75) were not foundorrelated

to each other

Table 4.25. Correlations between the measured traits at the CGN collection

Traits Correlation P value
Angles & bold shoots + 0.01
Angles & new shoots + <0.01
Yield & speed of growth + 0.03
Scab &Yield - 0.02
Bold shoots & New Shoots. + <0.01
Speed of growth & Scab No 0.75
Scab &Powdery mildew No 0.75

(+)= Positive correlation;) = Opposite correlation, (No) =No correlation.
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Principal components biplot (35.64%0)

o
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Label [ Bold_shoots_1_9]
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Label [ canker_avg]
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After 1940
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Cood o

Figure 4.218a. PCA of the measured traits athe CGN collection referring to yearof cultivation.

Table 4.2.6.The loading scores of the 2 first PC axes

Loading(traits) PC1 PC 2
Angles_1 9 0.52 0.05
Bold_shoots_1 9 0.54 -0.03
Mildew -0.10 0.09
New_shoots 1 9 0.57 0.08
Scab -0.22 0.45
Yield_1 9 0.04 -0.68
canker_avg -0.22 -0.24
speed_of growth 1 9 -0.05 -0.51

1 The full loading scoresan be found oappendix Il
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Principal components biplot (35.64%)
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Figure 3.18b PCA ofthe measured traits at the CGN collection referring to year of cultivation.

70



4.2.2. Architecture comparison within the same accessions evaluated in different
collections
A comparson between the accessions three differentcollecion, the CGN Noordeljke

Pomologische Vereniging and the Pomologistleeeniging NooreHolland collection was done in
order to obtain patterns in architecture traitschhinfluenced by the different collection environment
and practices.

The tree different collectios differ in location (climate, soil etc...), pruning methods, rootstocks,
pesticides and fungicides application, nitrogen application and the age of the tree. Tree architecture
traits are strongly affected by those parameters. All architecture traitemadysed using unbalanced
design analyse of variance due to missing accession in one of the colle&Zi@tsessianfrom the

CGN, 24 accessions from Noordelijke Pomologische Vereniging collection and 21 accessions from
Pomologische Vereniging Noctdolland colletion were analysed. Iifable 4.2.7the Angles of
branching scores comparisoetiyeen the different accessions are presented

Angles of the branches is the variate thatre chosen to be presented here due to the lack of the
collection influerre on the angles scor@ /alue = 0.64% and the significant difference between the
cultivars p value = 0.04}1in branchesinges and with L.S.D score of 1.General architecture score
shows significant collection differencp Yalue = 0.003 and no differace between cultivars (P value

= 0.124). Bold branches shows collection apd/glue = 0.01) andcultivar (p value = 0.042 New
shootsdo notshow collection ¢ value= 0.629 and neither cultivap value = 0.228 difference.
Speed of growth has no sifjoant influence of variety { value=0.098 and collection (p value=
0.998) Average of new shoots growth (cm) amdin trunk diameter were not analysed duethe
reason of large variance of those traliecausef the differences ingrafting methods between the
collection and the unknown age of the trees in the Noordelijke Pomologisrkaiging collection,

which areéimportant parameteto determine the speed of growth.
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Table 4.2.7 Comparison between cultivars indifferent collections (CGN, NPV and PVN.

Accession hame #observations Mean S.Deviation
Cwastresse Double 2 6.5 0.71
Dijkmanszoet 3 7.7 0.58
Framboosappel 3 7.3 0.58
Gamerense Zure 2 6.5 0.71
Glorie van Holland 3 1.7 0.58
Glorie van Veendam 2 8 1.41
Groninger Kroon 3 6.7 0.58
Groninger Peppeling 2 6 141
Jacob Dirk 2 8.5 0.71
Jan Steen 2 5.5 0.71
Jasappel 2 6 0.00
Lemoenappel 3 5.3 0.58
Lombarts Calville 3 8 1.00
Lunterse Pippeling 3 7.3 2.08
Notarisappel 2 5.5 2.12
Oranje Renette 2 7 1.41
Peperappel 2 5.5 0.71
Present van Engeland 3 6.5 0.71
Present van Hien 3 7 1.73
Princesse Nobi& 3 6.7 0.58
Reinette Rouge Etoilé 3 5.7 0.58
Renette Ekenstein 2 7 0.00
Rode Tulpappel 3 6 0.00
Schellinkhouter 2 8 0.00
Streepjesappel 2 6.5 0.71
Valkappel 2 5.5 0.71
Zigeunerin 3 6.7 1.53
Zoete Kroon 2 7.5 0.71
Zoete Pippeling 2 6 0.00
Zure van Driebergen 2 8 1.41

! Different letter indicates significant differenbetweeraccessions.
L.S.D=1.7 P value= 0.04).
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4.2.3 Additional data setsanalysis anddisease susceptibility
Scab and Powdery mildew

Scab and pedery mildew evaluationsBlommers (883) and CGN Evolutions that wersade in
1999 and 2007are used here in order to give wider and more deeply comparison in addition to the
assessments made &eptember2011. However the results that presented here reflect a lot of
interactions between the different parameters which are not known due &xkhef information of

the evolutions from the past years. In order to analyse different datdl satsking were standardized

to the same ranking methddisease susceptibility comparison between Dutch accessiormding

to observations from 19770& ,1999 and 2011shows mgnificant interaction letween years of
evaluation and accessions footh Powderymildew (p value= 0.009 and Scab(p value=0.0%.
Significant cultivar difference founich Powdery mildew(p value< 0.001 andnot significant inscab

(p value= 0.36). Clear difference according to the years of evaluations in both powdery mitdew (
value<0.00) and scal{p value<0.00] was found The year of evaluation does not reflect only the
difference of the yearclimate, different soiconditions etq. but also the different location. In 1999,
2007 and 2011 the collection was located in Randwijk, while in 12880 the collection was located

in TNO, Zeist. Furthermore the collam in Randwijk is planted everlO years on a fresh sahd
therefore the evaluationsom 1999 and 2007 were done atdifferent locationfrom 2011 and

different treeages.

The accessions were observed according to theiridocat the orchard (appendix JVVAccording to
the map it is clear to see if tharerecentres of infections which can explain the effect of the year by
different centres ofliseases infestatio\ccording to the map it is possible to see few centres of
diseases susceptibility and it is important to regard to this map while decidingewlgetertain

cultivar has a disease resistance or not.
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Canker

Canker evaluation wasbservedby the GSN in 1999 and 2007 in Randwijk he results were
analyse in one data sd@bgeter with the current evaluatiom order to analysthe different data sets,
all data werestandardize to the same scale of scorifigue tothe cultivars rearrangement during the
years in the CGN collection only 79 same cultivars were evaltiatedtimes(1999,2007and 2011)
and other 52 cultivars twéc(2007 and 2011)According to the analysis, there wassignificant
difference letween the accessions\value= 0.08 However,aclear difference between the yearasw
found (p value<0.00)) andpresented in the tablelow table 4.2.8) The trees areeplanted every 10
years in Randwijk but on dfterent soil (1998, 2008 efcand therefore, the year can indicate different
climate, susceptibility to canker according to the age otres different centres dffestation and

different soilcondition

Table 4.2.8.Difference of canker susceptibility between the years.

Year Canker score

1999 0.720

2007 1.17a

2011 0.41c

'Differnt letters indicates significant difference.
L.S.D.=0.2279

The accessions were observed according to their location in the ofappeshdix I\j and t is visible
to see centres of the infestatimn Canker as wellThe accessions that got infected mighatocated in

the infected area ardbes not have necessarily msistane to canker and geversa
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5. Heritability
In a broad sense, heritability can be defined as the ratio between the genotypic variance and the

phenotypic variace.Hence, genes that correspond to visible traits have stronger influence than the
environment on the trait expression. Howeverextreme environmental condition the enviromtne
can suppress the gene efféSegura et al 2006). Therefore breeders can osBlect genetically
inherited traits in order to achieve significant genetic improvement. The equation for heritability is

expressed asE  — , where R stands for the heritability valug, G is the genetic variance and

» P is the phonotypiosariance.According to Gallais (1989) a trait is heritable if the value of
heritability is higher than 0.2.

Heritability definitions can be accurate only for specific population and environments (Souza et al
1998). The genetic background of a populatian affect the phenotypic expression of certain traits
transmitted to the next generation. For instance if both parents are homozygous for a certain trait with
different alleles, the individuals of the F1 generation will all display heterozygous genoims
cultivars are known for their heterozygous genomes and therefore the results of heritability tests are
relatively reliabé (Segura et al.2006)In addition, the quantitative distributions of the studied traits
suggest a probable polygenic contaoid, in this case, the probability that all genes responsible for
trait expression are homozygous for the two parents is very low (Segur2808).

Disease resistance

The heritability for scabesistancavas checke@dnd estimated as moderate (OF)wever this result

is sufficient enough for the development of new cultivars witfablie resistance for apple scdus

et al, 2002).Vf, the major gendhat correlated with resistance to apple scab, together with 10 other
independenloci (Va, Vb, Vbj, Vth, Vg, Vh2, Vh4, Vjomib, Vm, and Vr) constitute the gene map for
scab resistance. However, disseaion of a virulent scab racehich overcame some of genes
resistancewas described (McHardy1996). Therefore, novel apple breeding strategies should be
searching for a cultivar with different gene combination to develop offspring displaying durable

resistance (Bus et.aR002).

Most studies showed that five major genes are associated with powdery mildew resistan&d-ZPI

Pl-w, Pkdfrom and Rim). Usually monogenic resistance is easily introgressed into new cultivars, but

it easily takesa few generations to combine resistance traits with other agronomic traits of interest.
Moreover, monogenic resistance can be overcome by more virulent pathogens strains. Therefore
polygenetic resistance may be integrated as a more durable alternativéddes neisistance is
controlled by 45 QTLs (Calenge & Durel 2006). However the polygenetic resistance has not yet been

proven to reduce significantly chemical pesticides application and therefore a combined resistance of

75



monogenetic and polygenic resistaris recommended. The heritability for both typésesistance is
high (Calenge &urel 2006).

Architecture

Segura et al2006)conducted heritability research on apple treechitecture. The densities, angles,
flexibility and shapes of shoots on bcaes and on the main trunk were measufiegde branching
variables heritabilityvalues wereclose to 0.4. In addition the categories for measuring those traits
were divided into two shapes categories: topologigabwth, densityetc.) and geometric shape
(anglesshape etc.). Architectural traits seerto be correlated to each other within and between each
category. Poor correlations were measured between the number of shoots on the main trunk and the
number of shoots on the branches. Trunk vigour was a&drby the circumference of the trunk and

its heritably value was 0.51 (Durel et,a998).

An i mportant phenomenon is a fAcolumnar treeod, n
internodes and axillary buds growing mainly into spurs and ramédylateral branches. Most studies
suggested that Co, a single dominant gene, is associated with this phenomenon (Meulenhtoek et al
1998). Therefore Co seems to have pleiotropic effect on a few architecture traits and might hide other

architecture traitéKenis & Keulemans 2004).
Fruit quality

Fruit quality traits are largely studie&ilva et al (2007) found high heritability values for fruit
diameter (A=0.47), with a mean weight of fruit (,0.6) anda fruit production (kg/ha) (F=0.78),
indicating that those traits are inherited to a great extent. Heritability value dfiguosist softening
level - which indicates the storabilitwas found to be 0.55 (lwanami et, @008).

6. Discussion

It highly important to mention start fno the beginning that the comparisdhat presents here are not
wel | represented the different groups (origin a
6Bred after 1viere Oclbosera seleaively, i basads gn specific traits. However, th

comparisons caimdicategeneral trends and characters of the different group.

According to tree ideotypét is clear those conventional cultivarssuch a s O6EIl star 6, w h
represatative of a vigorous tree, daot fit into the organic growerseeds. In addition to traits of

interest for organic growers and consumers (high quality fruits and suitable cultivar to low input
conditions),this study highlighthe importance fotree architecturatraits. However, according to the

organic breeders drgrowers, it seems that those traits were discarded during the development of the

modern cultivars currently in use in the Netherlands.
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