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MANAGEMENT SUMMARY

The cider apple orchard of the future needs to be sustainablentesil environmental and
ecological challenges, with reduced pesticide inputs; thesectigstics need to be achieved
with minimal negative impact on yield and fruit quality. Areast tbHier opportunities for
sustainable orcharding include: 1) use of cover crops to provide an enuntooomelucive to
beneficial insects; 2) management of pests and diseases usimgtales to chemical control
approaches [e.g. use of ground cover plants, resistant variengstion measures (leaf litter
management), use of particle films, plant extracts, virubasteria, reservoirs of natural
enemies, and IT based advisory systems such as ABEMd SOPRA]; 3) minimization and
effective management of waste. Major waste products ofdramt are prunings and trash, and
apple pomace. Pruning waste has been found to be rich in polyphenolenaapaoise for the
extracted polyphenolics has been proposed to be in the food industry, @ aatxidants.
Another alternative use of pruning waste is as a renewable doureeergy production or as a

soil amendment, a biochar.

There is increasing evidence that global climate change rtakace. This is likely to lead over
the coming years to reduced winter chilling, altered flowenpagiods (and activities of
pollinators), high temperature and drought stress at times daerfguit swelling period (June -
September), and altered harvest dates. New varieties wilfdherge needed which are better
adapted to a changed climate. Generating new selections from crosses el varieties
and valued cider varieties is a logical approach for future brgegiogrammes. To avoid
potentially negative effects on fruit set of pollinator disruptithre, self-fertility of some cider
apple varieties could also be exploited. This character needsbettbe studied and understood
— what are its causes, how consistent is it (e.g. year-on-yeav)is it inherited. Other breeding

objectives include reduction of biennial bearing and enhanced polyphenol content of fruit.

Looking forward, there are two clear options for cider orchards.nfdia focus of the first one
is intensification, a process which has begun in many cider orcloaeisthe past several
decades. The establishment of such systems requires smedler planted and managed in
arrangements which allow maximum light interception as aglinaintenance and harvesting of
the crop with minimum labour input. Current intensive systems adoptedden orchards
probably do not achieve maximum light interception since priorityvisngto ease of harvesting.



There are opportunities for further development here, including, ppssibluse of robotics.The
vision here is of an orchard system which establishes quickly, cam@sbearing early,
optimizes light interception and reduces as far as practiegaly space. The need for large
alleyways to allow access for machinery could be minimizethéyse of a new generation of
small, self-navigating, robotic machinery which would largely opebstiow closed canopies,
carrying out maintenance operations such as routine applicatiostafigees from below rather
than from the side or above. In the intensive system, ecosystenmabidity may be best
addressed through an area around the orchard periphery designed to maximizebesefits.

The second option is a more extensive orchard system in whichstaosservices are provided
over the whole orchard. The vision here is for a low maintenamtamr system, with a cover
crop grown to provide pollen and a habitat for pollinating and beneiingatts. Many potential

cover crop species exist which could contribute to biologically radsystems. Intercropping
and grazing are options for this system.

Whatever the planting system (extensive or intensigejtain generic approaches can be
adopted. The use of pruning waste and trash, and pomace as sourceshebemedicial
polyphenolics is one such area. The use of pruning waste and trasheratgebiochar is

another; biochar could contribute to orchard soil condition.

Focused research is needed to build on the opportunities identifiedimargny cases the
objective would be to adapt findings from other countries/environmente tdK situation. For

example, further research is required to identify which plant epemie optimal in terms of
nectar and pollen source for foraging insects, in order that their giigm# are maintained
outside periods of pest activity. The conditions providing optimal refémyeground dwelling

invertebrates need to be established. It is likely that recomatiens will need to be tailored to
individual parts of the country, particularly with regard to miigatof the effects of climate
change. More strategic is the development of cider apple bretdinige UK, to address fruit

guality needs in trees able to grow productively under conditions of predicted atimaaige.

Overall, the recent success of the cider apple industry magebwile the effort to develop

sustainable production systems which take account of grower situanarket, and



environment. This development must be underpinned by a strategicngreedgramme for the

long-term success of UK cider apple production.



Abstract

The cider apple orchard of the future needs to be sustainable dimhtre@dih reduced pesticide
dependence. These characteristics need to be achieved with@dvense effects on fruit yield
and quality where possible. This report considers the orchard fronpapstam point of view

where practices such as habitat management (e.g. use of cover cifopal areed strips, pollen

and nectar sources), grazing, and intercropping could maximize thesterosgervices. It also
considers other aspects of the orchard such as minimization feufivef management of
orchard waste including pruning waste, empty agrochemical contandrapple pomace, as
well as integrated pest and disease control based on ministadige input, which have the
potential to contribute to sustainable orcharding. The developmentwobargeties suitable for

climate change mitigation and with optimized fruit quality thtoumgw genetic techniques such
as marker-assisted breeding is also discussed. This backgroumdaitibor is synthesized into
alternative visions for sustainable cider apple orcharding. Germralusions and proposals for

implementation are presented.
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Part 1. Theorchard system: areview of theliterature
1.1 Introduction

The aim of this report is to review previous research in the @ecider apple production, and
relevant related areas, in relation to the need for the cider apgtard of the future to be
sustainable, resilient to environmental and ecological challengésyeduced pesticide inputs.
These characteristics need to be achieved with minimal ingragield, and improvement in

fruit quality where possible.

We have laid out the report in three sections: the first congdiserschard in the broadest sense,
describing the ecosystem services that can be offered, orchaghsdegich deliver both
commercial and environmental outputs, and assessing the potentishdtar reduction during
cider apple production. We discuss varieties of cider apple morel@ the predicted impacts of
climate change, the factors determining fruit quality, and teeding opportunities offered by
new techniques for genetic selection. The cider orchard ecosigstdso considered in relation
to pest and disease problems and existing or potential methods of eamtblare consistent

with the overall objective of sustainability.

In the second section we provide a synthesis of this information. \Wenpralternative visions:
optimized intensive production focused on maximum vyield of quality framgl extensive
production which is economically viable by virtue of the rangeeo¥ises it offers to the farm
and the community. We suggest that both options are achievable and prasxddgany, and
that a hybrid between them may be the ideal: this deliverssive production with areas
offering ecosystem benefits. A third alternative, based onixaetifarm’ approach is presented

by way of contrast. The requirements to achieve these visions are discussed.

In the final section we summarize our conclusions and highlight kdgelgaps — areas where
future research is needed. We make proposals for the implementatr@woapproaches to
sustainable production, recognizing that for these to be successfaldtption of change
management methods will be key. We suggest that foremost amtwegst methods is the
presentation of the concepts through demonstration plantings, and thaoprafidiard data

(derived from rigorous research) in support of the alternative options.



As a preliminary, we define terms and present general background information.
The cider industry in the UK

The UK cider industry has been undergoing a renaissance in tesesf with the area of cider
apple and perry pear production almost doubling over the last 15 yreammparison, the UK
has seen a decline in the area of dessert and culinary applatmrit albeit in part due to an
intensification of production systems (Table 1, Appendix 1). This inereasider and perry
pear area is in order to meet an increasing UK consumption of widieh itself contrasts with a
falling demand for traditional beers. The UK is the largedércproducing country in the EU
with volume share of 62% in 2008 (see Figure 1) (NACM, 2010). Approximtiede quarters
of the area of cider apple production is grown on more intensive bushdsyséems (the term
‘bush’ will be used to describe a central-leader tree in theexbof the current review) whilst
the remainder is produced on traditionally grown trees (DEFRA, 2010). Halpricider apples
were grown on a far wider scale than they are today;Xamele, in 1894, Somerset alone had
9,712 hectares of cider orchards (Legg, 1984). Even though there are hufdneple varieties

selected as cider apples, all types of apples (culinary, dessert) gaado® make cider.

45% of all the apples grown in the UK are currently being useciftar making, with the
guantity of cider produced being more than 600 million litres (NACM, 20A0¢ording to

NACM estimates there are a minimum of 480 cider maketisarlJK with the majority of them
found in the traditional cider making areas of Devon, Somerset, Gtetslase, Herefordshire
and Worcestershire (ukcider, 2011), and one of the two biggest prodBoérers-Heineken)
being in Hereford with over 10,000 hectares of apple growing land (Heineken, 2010).



Table 1: Total area (hectares) covered by cider apples ang pears, desert apples and culinary apples.c8our
DEFRA (2010). *provisional

YEAR Cider Apples & Perry Total Dessert Apples Total Culinary Apples
Pears
1985/86 3,417 12,771 7,066
1990/91 3,336 11,787 7,005
1995/96 3,453 8,849 5,594
2000/01 5,209 7,662 5,352
2005/06 6,551 5,505 3,860
2006/07 6,530 5,203 3,827
2007/08 6,290 4,873 3,797
2008/09 6,775 4,935 3,806
2009/10* 6,810 4,953 3,787

Fig. 1: The composition of cider apple production in Eur@&CM, 2010)



Sustainability

Sustainability is a much used word which stands for differengshin different contexts. Cynics
would say it has no precise meaning and is therefore without Waki¢hink the essence of it is
continuity — long-term thinking. Here is a definition in relation toremmic development, taken

from a key conservation publication:

A "sustainable economy" is the product of sustainable development.ifdtama its natural
resource base. It can continue to develop by adapting, and thropgivéments in knowledge,
organization, technical efficiency, and wisdom (IUCN/UNEP/WWF, 1991).

For the present context, the important element is ‘maintenartbe aatural resource base’. This
includes resources whose character is principally biologicaliffptrs and other beneficial
insects, soil flora and fauna), chemical (water, nutrients throegkcling, the carbon and
nitrogen economies) or physical (soil structure, gaseous environmfitfiin the UK,
sustainable farming is a key element of Defra’s policyefpaand embraces five specific areas:
- agriculture and climate change, sustainable water managemesnirce efficient and resilient

food chain, sustainable farming systems and biodiversity, and plant health.

Pesticide usage in orchards is disproportionate to the area atcupm example, although
orchards in France constitute only 1% of the agricultural landsasgesticide use accounts for
21% of sales with in excess of 30 treatments per annum. Lik@wibe UK, pesticide use in
cider orchards may be considerable, with on average 10 individuatipestbeing applied in
2008 (Garthwaiteet al, 2009). However, the environmental impact of pesticides and health
concerns associated with chemical residues has led to EUatlegisdesigned to restrict
pesticide availability. In 2004, residues of eight fungicides in exoesmaximum residue levels
(MRL's) were detected in samples of UK apples, the most freqbeing captan and
carbendazim, together with the insecticide chlorpyrifos (Pen2@li6). The use of carbendazim
on apples was revoked in 2006. Adverse public perception concerning the pdspestcide
residues has contributed to a desire to achieve zero tolep&mesticide residues in dessert
apples. An innovative integrated pest and disease programme (IPDMRigh pesticides are
not applied during fruit development has been successfully implemanhtedst Malling even

with disease and pest susceptible varieties such as Cox estd FCross and Berrie, 2008).
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Nonetheless, the importance of cultivar selection has been highlighdecomparative study of
crop protection systems in France whereby pesticide usageethased by 43-56% for varieties

with reduced scab susceptibility (Simenal, 2011).

Although pesticides are designed to control undesirable species #yeglso have detrimental
effects on non-target beneficial organisms and so reduce theiplogdistictiveness of biological
control agents either directly or indirectly through loss of habit&urthermore, removal of
vegetation with herbicides may cause pests to migrate to ¢ipe(\¢an Emden and Williams,
1974). In arecent review, Simetal (2010) argue that reduced pesticide usage is essential for
sustainable cropping systems, in particular those with high plestadependency such as
orchards. Thus they assert that whereas simplified culturatigggacan result in reduced
biodiversity, perennial cropping systems may actually enhance bisidyvas a consequence of
permanency, multi-strata design and adjacent plant managementasutite provision of
windbreaks. Orchards provide a range of strata from the undersparneryd floor vegetation
through the arboreal canopy thereby offering multi-strata dutsbior predatory arthropods and
insectivorous birds. Likewise, the inclusion of hedgerows (excludingesptiat host pests) and
windbreaks reduces the uniformity of orchard design and provides additiahétiat for
beneficial species as evident from the negative correlation éetagehids in orchard margins
and greater incidence of predatory arthropods (Altieri & Schrbiifa). Similarly, Rieust al
(1999) reported that the presence of hedgerows increased the rdtemedicial arthropods

relative to phytophagous pests in pear orchards.
Ecosystem, ecosystem services, biodiversity

An ecosystem can be defined as the community of living organismshairdenvironment.
Ecosystem services are resources provided by ecosystems onhwheln life depends, and
include activities such as pollination and nutrient cycling, resouikesfood and fuel; and
cultural benefits, for instance recreation and tourism, human haatthwell-being (Power,
2010). Sandhtet al. (2010) identify four types of ecosystem services, namely provgoni
supporting, regulating and cultural. An example of a provisioning cend biodiversity.
Biodiversity is the species richness of an ecosystem or biologgcamunity. Provisioning
services include pollination, biological control including weed seed poecaand carbon

sequestration. Regulating services contribute to hydrological dlogv nutrient cycling. In the
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context of the apple orchard, the ecosystem view implies consatemtithe apple tree and
those species which interact with it, and the physical environimehiding soil, air and

nutrients. The orchard is an ecosystem devised and maintained bydilbuathe same ideas
can be applied to it as to more ‘natural’ ecosystems. A more thloraccount of ecosystem

services as relevant to orchard management is presented in Section 1.2.
Apples and cider apples: origins

The cultivated apple is derived from wildialus pumilaMill., (also referred to aMalus sieversii
(Ledeb.) Roem) and is itself also referred tdviadus x domesticaBorkh. by some workers (see
Mabberleyet al, 2001; Luby, 2003). The origin ®. pumilais believed to be in central Asia,
followed by gradual migration westwards over at least the5p@60 years, with domestication
occurring in parallel (Juniper and Mabberley, 2006). Escapes to loedgbave meant thad.
pumilacan now be found wild in Britain, along with the indigenous crab applsylvestrigL.)
Mill. The relationship of the traditional cider apple to domestitatessert and culinary apples is
not clearly understood. Cultural evidence, including the similarityhefcider apple press to the
olive press has been suggested to indicate a possible more goWleeliterranean origin of the
cider apple (French, 1982). There are also biological features of cider,apglieding their high
tannin content, and tendency to be self-fertile, which could suggedfeeediforigin, perhaps
with elements oM. sylvestriswithin their pedigree. However, although work is still ongoing at
the time of writing, preliminary analysis of genetic divirgiata from the apples within the
National Fruit Collection at Brogdale, Kent, fails to find supportthis theory and places the
accessions held within the cider collection into a number of groughwalso contain a range of
the dessert varieties (Ordidgeal, unpublished). The issue is of potential importance in relation
to future breeding efforts, given that the genetic base has beenaredsby some to be too
narrow for long-term sustainability of dessert apple breefhwjton and Alspach, 1996). Steps
have been taken to improve the potential diversity of the breediregppen by collecting wild
Malus from its presumed centre of origin (Hokansetnal, 1997); but the focus of worldwide
breeding is on the dessert, not the cider apple. We return to this point in Section 1.5.



The biology of the apple tree and its annual cycle

The key events in the annual cycle of an apple tree are sumechami Figure 2. Although exact
timings differ for different cultivars, the basic events asumed to be similar amongst all of
them. The onset of dormancy in the autumn is regulated by dectenmgerature, rather than
photoperiod (Heide and Prestrud, 2005). Accumulated chilling is requirecas dormancy,
and once the chilling requirement has been fulfilled, the ratepfigs bud growth is then
determined by rising temperature. Hence, flowering time in gnmg is a function both of
winter cold and spring warmth, as well as genotype. The sheddiypung fruitlets after
flowering reaches a maximum in June, and is generally cordiderbe a mechanism by which
the tree regulates its crop load, and one which is influencecekdry sumber within the fruit
(Dennis, 1985). Vegetative growth declines in July and about the samenisroscopic flower
initiation begins in the buds; at this time fruits are also lavggland within them seeds are
maturing. Influential work by Chan and Cain (1967) suggested that piadwt the hormone
gibberellic acid by the seeds exerts a critical inhibitoflgence on flower initiation, accounting
for the antagonism between fruit load and flower initiation whicimoif managed, can lead to
biennial bearing (a relatively common feature within cider wasg Hence gibberellic acid
spray programmes are now advocated to reduce biennial beadegsert apple production (e.g.
Schmidtet al, 2009).At the time of fruit maturation and ripening during the autumn, tbe t
lays down starch in the trunk and roots. This provides a vital restarcenewed growth the

following spring.

The overall picture of the annual developmental cycle of the appde isrehus one of
overlapping, as well as sequential processes. This leadsd®dffs, by which the tree ensures
sustained growth over many years. The challenge for theeglisio manage these processes to
optimize the timing of events within the cycle, and to minimizecibrapetition which can lead
to unbalanced cropping and/or poor tree growth. This management éveathiy spacing,
training, pruning, fruit thinning and maintenance of appropriate nutrltietedius. We will
consider these annual processes further in the context of variettbgiment for climate change

mitigation.
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Fig. 2: The annual cycle of the apple tree

The planting system

Of all the decisions required to optimize the orchard, the plasyetem is arguably the most
fundamental to long-term productivity. In a valuable survey of theareh literature on apple
planting systems, Robinson (2003) describes 28 planting systems, dividse itite four
categories based on canopy shape: spherical, conic, flat plashaped. Spherical-shaped
systems include the large globe-shaped trees of the edfl\}c&fiury; the traditional cider
orchard tree falls in this category. Citing the presendbefarge, shaded, unproductive canopy
core and the time taken for the tree and canopy to develop asikegs in this tree type,
Robinson concludes that ‘none of the current leading orchard systenseds u@on a spherical

canopy shape'.

Conic-shaped systems include the central-leader system aathdn a semi-vigorous rootstock,
as well as the high-density slender-spindle, North Holland spimdiéical-axis, SolAxe, and
super-spindle systems with trees on dwarfing stocks. The tymiodern cider orchard, with
planting densities up to 750 trees/ha, is a central-leadensystaich is relatively low density



by modern dessert apple orchard standards. The advantages obniteshaped systems
generally are that they comply with the natural form of theeappk, and the conic form tends
to give good light distribution in the canopy. As trees mature howthare is a tendency for the
upper branches to shade out the lower canopy, a problem with the-tsadial system that led
Tustin and co-workers in New Zealand to develop the slender-pyrasstielhs in which large

upper branches are not allowed to develop (Tustin, 2000). The fadhihatan be used at
relatively low densities with an MM106 rootstock (mature treetteagprox. 4m) means that it
could be relevant to cider apple production. It does, however, requireicliveellis system.

The general disadvantage of conic-shaped systems is that hgastisd on the alley areas. This
can be overcome by having sufficiently tall trees (the typitdér apple tree solution), or by

using close row spacing.

Of the other two systems (flat planar and V-shaped), the formeeessentially espalier-type
arrangements on trellises, and in modern orchards are associatdyl \wmth dwarfed trees.
Some of the principles behind one of the flat planar systemsptee @ espinasse, 1989) could
be of interest to cider growers planting the new, early hangestiltivars obtained by crossing
Michelin and Dabinett with early, tip-bearing James Grieve ordéster Pearmain (see Copas,
2010). The Solen system was developed specifically for tip-bed&rdrays attention to the fact
that the planting and training system must take account of treie Hdi®re are many V-shaped
systems in modern dessert orchards, because of their high giehdaturity due to optimized
light interception (Robinson and Lakso, 1991). Their use means thaigless Iwasted on the
alley areas; the Geneva Y-trellis system (Figure 3) das performed well in mechanical
harvesting trials in the USA (Robinsen al, 1990). For these reasons, V-shaped systems may
be of relevance in the drive for optimized cider apple production; pheriem is high cost of
establishment, and their typical association with dwarfing stackkstree heights of not more
than 2.5m. Most pertinent to the present context is the principleimhgahe tree at an angle to
maximize light interception, and therefore yield. The opportunity tif tree support system
offers for reduced wastage during mechanical harvestingdsoélsiterest, but the focus of the
reported trials was on dessert cultivars, where shake-catch thregwsas used, and the benefits
were associated with reduced damage because less of thelfrhitdugh the tree on its way to
the catcher (Robinsaet al, 1990).



In the final analysis, growers need to optimize the efficiesfcgrop production and yield is a
major determinant of that efficiency. The circumstances of cider appdiction, in which there
may be other goals, such as animal production or intercroppingappear to make efficiency
less crucial. In our opinion, however, identifying the most efficierchard design is still a
priority; and an efficient design is one in which net carbon uptakbeiree is optimized. This
design may well not yet have been identified for cider apple produetmhit will be cultivar-
related. At least two different types of apple are used ifber goroduction: traditional cider
cultivars which may be moderately self-fertile, prone to biertpjatigorous and mid to late
season with more or less astringent fruit (the newer cultivery be earlier season and possibly
more likely to be tip-bearing); and dessert cultivars like KafficiEnt orchard design is also
related to harvesting system, capacity for initial investmamd, orchard lifespan. Mechanical
harvesting, in particular, needs to be efficient: it does mihttent are wasted, through damage,
being left on the tree, or lack of quality. In Part 2 of thisew we return to these points as we

synthesize the information into visions of optimized and sustainable cider apple moducti

Fig. 3: The Geneva-Y-trellis tree (from Robinson, 2003)
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1.2 Ecosystem services

Daily (1997) has defined ecosystem services as ‘the conditions aoéspes through which
natural ecosystems and the species that make them up susthiful@n human life’.
Maintenance of biodiversity, biological control of pests, diseasesweeds are examples of
these services (Costanetal., 1997; Power, 2010) but there are also ecosystem dis-services that
reduce productivity or increase production costs either directlynathe case of pests, or
indirectly through competition for resources available in lichgapply, such as weeds (Zhaatg
al., 2007; Power, 2010). Beneficial predatory polyphagous arthropods are eamtiadss
component of biological pest control, but their effectiveness camt&rained by insufficient
pollen and nectar availability at various stages in their liftdesy(Wackers, 2004). Hence, the
removal of ground floor vegetation within orchards can be detrimental lhoplest management
and pollination services. An alternative is to develop weed suppeegsound floras that are
attractive to beneficial arthropods. However, care must be takdo mitoduce species that are
intrinsically competitive. Thus for example Wéackers identiffejopodium podograriégground
elder) as the ideal pollen and nectar source for parasitic wagpsjch an intransigent species is
unlikely to be attractive to UK growers. Surprisingly, the legqwus specieMedicagolupulina
andTrifolium rependfailed to attract these parasitoids and in the caSeifolium pratenseand
Vicia sepiumactually repelled them. Nonetheless, leguminous cover crops htnitiee row
could offer the additional benefit of nitrogen fixation, possibly redycimmpetition between the
crop and the alley. Recently, Storkeyyal (2011) reported empirical observations and model
simulations of weed Ghenopodium albun suppression by eleven legume species in
monospecific stands. The most suppressive species from fieldvatises wereMedicago
sativa (lucerne), Medicago lupulina(black medick),Lotus corniculatus(bird’s-foot trefoil),
Onobrychis viciifolia(sanfoin), Trifolium incarnatum(crimson clover) an#elilotus alba(white
melilot). However, there was poor correlation between observegi@tticted results in that
whereas the simulation model prediciédia sativato be one of most suppressive species it was
found to be one of the least competitive species, despite beingitr sheight toM. sativa
Nonetheless, the authors predicted that tall growing speciesesiver more slowly after
defoliation (mowing) as a consequence of greater loss of biormassadent forM. alba They
concluded that maximum weed suppression was likely to result #gominous mixtures with

contrasting canopy characteristics.
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A fairly new approach of conservation biological control that coulakimize ecosystem
services is the habitat management strategy which aimevalpradditional plant species that
favour the presence of natural enemies to insect pests by pigpeitielter, food (pollen, nectar),
and alternative hosts/preys (Lanétsal., 2000; Fiedleet al, 2008). The four most commonly
used species in such habitat management studieBhaieeliatanacetifolia Benth. (phacelia),
FagopyrumesculentumMoench (buckwheat)l.obularia maritima (L.) Desv. (alyssum), and

CoriandrumsativumL. (coriander) (Fiedleetal., 2008).

A potential component of disease management in apple orchards wihatagnable ecosystem
is the use of ground cover plants. Brown and Glenn (1999) used floweangdgcover plants
[dill, AnethumgraveolensL., buckwheat,FagopyrumesculentumMoench; dwarf sorghum,
Sorghumbicolor (L.) Moench; and rapeBrassicanapus L.] beneath the trees as disease
management tools in apple orchards in eastern West Virginig. ddrapared a conventional
orchard that received five applications of an organo-phosphate wjtousmd cover orchard
which received only one broad-spectrum insecticide (phosmet) Bagglus thuringiensis
Diseases were managed in the same way in both orchards. In ¢érrdiseases, the
conventionally managed orchard had more fireblight and apple scalgeldhan the ground
cover one, but less rot diseases. The greater incidence of §n¢ inlithe conventional orchards
was explained by the fact that fireblight is more severegorous trees. The lower incidence of
apple scab in ground cover orchards was attributed to the plant swefbloieel. More rapid leaf
decomposition occurs over winter in the ground cover stubble, and reduces enbvam
ascospores because of decreased wind speeds within a fewtlvenco€hard floor. Finally, rot
diseases were more abundant in ground cover orchards because grounplarigecreate a
humid microclimate (Rosenberg, 1974) which is favourable for the disgake In this study,
even though ground cover reduced insecticide use, it was not an accefi&biative tool to
conventional disease management because it resulted in yield sadyatobably due to
competition by the ground cover vegetation for water and nutrients. \lowié ground cover
plants are managed in a better way so as to avoid competitioappith trees, their use seems a
promising tool for the control of diseases in a sustainable applardrbkcause they can provide
favourable microhabitat for natural enemies (Rosenberg, 1974) andoatsan the form of
nectar and pollen.
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Leius (1967) evaluated 15 apple orchards with poor, intermediatecantiowering understory
plants in Ontario, Canada. The flowering plants included in the rich roretere strawberry
(Fragaria sp.), buttercupRanunculussp.), hawkweedHieracium sp.), clover Trifolium sp.),
dandelion Taraxacumsp.), violet Viola sp.), fleabaneHrigeron sp.), white mustardSinapis
alba), willow (Salix sp.), wild cherries and plum®runusspp.), wild carrot Paucuscarota),
wild parsnip Pastinaca sativg blue-eyed grassesSigyrinchium spp.), white daisy
(Chrysanthemumsp.), milkweed Asclepias syriacg, sweetclover Nlelilotus sp.), alfalfa
(Medicagosativg, goldenrod $olidagosp. ) and asterAster sp.). It was found that the mean
parasitism of codling moth larvae was five times higher in the spebsrchards compared to

the species-intermediate and species-poor orchards.

A study was conducted in a cider apple orchard in Spain to exaneiredfects of ground cover
management on ground beetles (Coleoptera: Carabidae) which mdkdbiological control of
pests (Mifiarro and Dapena, 2003). There are several earlie¥ssindvhich carabids predate on
codling moth larvae in apple orchards; although Riddick and Mills (1994) waext| that
Pterostichusspecies were the most effective predators of codling mothresudts of the study
by Mifarro and Dapena (2003) were that eight species of canabréscollected wittSteropus
gallega Fairmaire (65.8%)Pseudophonusufipes (De Geer) (18.2%) anéoecilus cupreus
L.(14.6%) being the main three, representing more than 98% of the total. Thestgneatber of
carabids were found in the tilled (rotovated) plots (24.3%) followedhkyherbicide-treated
plots (21.4%), while plastic mulch had the lowest numbers (5.6%). Fudherime tilled and
herbicide-treated plots had the highest activity density asasahe highest richness, diversity

and evenness indices.

A two-year study was conducted in apple orchards in northern Qadiftr assess the effect of
cover crops: field bearV{cia fabg, lana vetch Vicia dasycarps farmers’ rye, tetraploid rye,
ladino clover (a form ofTrifolium repeny, salina strawberry clover, Mt. Barker subclover
(Trifolium subterraneury) and a natural weed complex on arthropod populations (Altieri and
Schmidt, 1986b). The components of the natural weed complex were curly RaokeX

crispug, bristly ox-tongue Ricris echioidey curled dock Epilobium adenocaulgn water
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smartweed Rolygonumcoccineun)t, groundsel $eneciovulgaris), smooth sow thistleSonchus
oleraceu$, and wild mustard Brassicaspp.). The results showed lower densities of aphids,
codling moth and leafhoppers in the cover-cropped orchards comparedamitbloards lacking
vegetation cover (disked orchard). More fruit were damaged by codling mahe disked
orchard compared to the cover-cropped one in both years of the study€r8% 68% in 1982;
38.8% versus 4.2% in 1983). The lower rates of insect pests in theatopped orchards were
mainly correlated with the greater variety and number of raemamies (predators and
parasitoids) present in the cover-cropped orchards, which weretaadtiag the alternate prey
(aphids, leafhoppers) which the cover crops harbour. More ants andsspele found in the
cover-cropped orchard compared to the disked in both years. The fact, hothevtemany
natural enemies are harboured on the cover crop does not necessarilyhiat high numbers of
these will be found on the trees as well. The authors therefggest investigating how to better
manage the cover crops so as to optimize the biological controstsf, g testing, for example,
whether mowing of the cover crops encourages natural enemies ratartig the trees (Altieri
and Schmidt, 1986Db).

In Germany, a study was carried out to test whether it isippest® enhance the biological
control of aphids in an apple orchard using flowering strips (\&ogt Weigel, 1999). The
orchard was divided into two parts; one half was sown with & grigture as green cover and
the other half with an alternation of grass with a flowering phaixtin consecutive alleys. The
plant species included in the flowering mixture weSgtapis arvensjFagopyrumesculentum
Medicagolupulina, Lotus corniculatus Trifolium incarnatum Vicia faba Anthemistinctoria,
Centaureacyanus Centaureajaceg Chrysanthemum leucanthemuMatricaria chamomilla
Melandrium albumKnautia arvensisReseda luteaFoeniculum vulgareDaucuscarota and
Carum carvi Of the plant species included in the flowering mixt8rarvensis A. tinctoria, C.
jacea andD. carota provided good ground cover (between 30 and 100%). The aphids found in
the orchard were the rosy apple apHiygaphis plantagine®ass.) and the green apple aphid
(Aphis pomiDe Geer) with the rosy apple aphid dominating. In terms of beslsficspiders
(Araneae) were the dominant species (41.6-61.8% depending on theTyeastudy showed

! This plant is known as amphibious bistort in the UK, formdtbhlygonumamphibiai.e.
synonomous witlPolygonuntoccineum
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that the use of flowering strips failed to control the rosy appladabecause there was no
overlap between the development of the aphid population, the flowermay pf the plant
species in the flowering mixture and the appearance of the tiahafiimal species. The use of
flowering strips proved to be beneficial for the controlAofpomi because the beneficial fauna
was enhanced. It was therefore suggested to use floweripg istrcombination with a neem
product (NeemAzal-T/S) which according to Schmutterer (1995)riseficient for the control
of D. plantagineaand not harmful for many beneficial species (cited in \éogt Weigel, 1999).
This product, however, is not currently approved for use in the UK apkdafic application

would need to be made for such approval.

In an apple orchard in Switzerland the effects of weed stripapbids and aphidophagous
predators were investigated (Wyss, 1995). At the time of fliogef the weeds higher numbers
of aphidophagous predators were observed in the weed strip area cotopdwedontrol with
spiders, Coccinellidae, predacious Heteroptera and Chrysopidae fmingd in greater
abundance. As a result of this, less aphids and aphid infestation ouaict i the weed strip
area. According to Vogt and Weigel (1999) possible explanationshéoditferent results of
these two studies with regard@o plantagineainfestations might be the different apple varieties
used, the different size of the orchard and the different way nagmag the flowering strips. In
Switzerland the effect of artificial weed strips on the diitgrand abundance of beneficial

arthropods has been evaluated.

An experiment was carried out at Horticulture Research latiermal East Malling in 1994 and
1995 to investigate the ability of flowering plants to enhance nuwsydfdreneficial arthropods in
UK apple and pear orchards and contribute to biological control of pesite UK orchards
(Fitzgerald and Solomon, 2004). Of the 14 flowering plants used, owmdy @ornflower
(CentaureacyanusL.), corn marigold Chrysanthemursegetuni..), corn chamomileAnthemis
arvensisL.), phacelia Phaceliatanacetifolig and buckwheatHagopyrumesculentuniMoench)
showed consistent flowering throughout the sampling period. Three ofdsieattractive plant
species corn chamomile, cornflower and corn marigold were useciuores to assess the effect
of flowering plants on pest populations. Different plant specieactttl different groups of
beneficials. Corn chamomile and cornflower attracted the egeatumbers of anthocorids

(Hemiptera: Heteroptera), while spiders were most abundant on bamomile and corn
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marigold, coccinellids (ladybirds, Coleoptera: Coccinellidae) on coreflamd Hymenoptera on
corn chamomile and corn marigold. In terms of chrysopids (lacewildNgsuroptera:
Chrysopidae) there was no difference between the different flepesmies. Few beneficials were
found on phacelia and the most attractive species was cornflonestlidy showed that several
flowering plant species (cornflower, corn chamomile, corn marigwa the potential to attract
beneficial insects which can negatively affect fruit pestscatdig therefore their potential to
reduce the populations of some pests in UK orchards. The use ofifigwaants in this
experiment had no adverse effect on yield and both number and weidhs®flcand class 2
fruit were unaffected, in contrast to Brown and Glenn (1999) who repatieded apple yield
when the trees were undersown with flowering plants, probably dr@rtpetition for water and
nutrients. Therefore it was suggested that the use of flowptards in the tree rows may be
commercially acceptable only in areas with relatively higinfadl levels. Other alternative
approaches include the use of plants in the headlands and marginehtel, or in the grass
alleys (e.g. Wyss, 1995) or as strips along the boundaries betiveegrass alley and the
herbicide strip (e.g. Brown and Glenn, 1999).

Bostanianet al. (2004) tested the ability of four flowering plant$afacetumvulgare
Chrysanthemunmaximum Aster tongolensisand Achillea millefolium) to attract beneficial
arthropods (predacious and parasitoid) in an apple orchard in Quebec. Tihe ajuauit at
harvest was assessed as a pest management index and it wahdumdhe fifth year of the
study the percentage of undamaged fruit was 90.8% compared to 67.5% anttiog ehich is
an amount of damage close to commercially acceptable levels.alim®rs emphasized,
however, that in the commercial situation it would take severaisy&a the beneficial

arthropods to become sufficiently established to be an effective bio-control agent.

Another study was conducted in apple orchards in Victoria, Austalevaluate the effect of
cover crops on natural enemies and pests. The cover crops vestedaslo as to benefit natural
enemies but not pests. The cover crops bullwort/fenAein( majud~oeniculumvulgare,
chicory/yarrow Cichorium intybufAchillea millefoliun), white mustard Sinapis albg
buckwheat FFagopyrum esculentymand fenugreek Tfigonella foenum-graecum were
compared with volunteer grasses and a commercial grass mix. Othiestudies, there was no

increase in the activity of natural enemies due to cover croigsimiay be explained by the fact
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that the beneficial effects of the cover crops do not apply whereaarainfall (<800 mm) is
limited (Boneet al., 2009). This is thought to be because in low rainfall areas tie ernap
would compete with the cover crops for moisture, restricting tleeessful reseeding and
establishment of the cover crops (Batal., 2009).

A study was conducted in an apple orchard in South America (norBetagonia region of
Argentina) to evaluate the effect of cover crops on the presgrax¢hropods (Fernandetz al.,
2008). The cover crops studied [tall fesckeqtucaarundinacea + lucerne fedicagosativa),
strawberry cloverTrifolium fragiferum), common vetch\(icia sativg, and natural vegetation of
grasses and legumes as the control treatment] were applieeebetfre tree rows, while a 1 m
wide herbicide (glyphosate) strip was maintained within the roees. Generally, the cover-
cropped soil had increased number and diversity of arthropod species edrtgpéne exposed
soil. The arthropod community collected included 119,117 individuals, 52.9% of wieich w
phytophagous species and 41.9% beneficial species. The main bésegcias collected were
coleopterans (Carabidae, Staphylinidae, and Coccinellidae), patasyimenopterans, spiders,
predator bugs (Nabidae, Geocoridae, and Anthocoridae) and lacewingesdine + alfalfa and
strawberry clover had the highest diversity with 59.9 and 56.2% of b&heBpecies
respectively (Fernandez al., 2008).

Bostaniaret al (2005) have suggested a grower-friendly method to control phytophagi@ss mi
in apple orchards in Quebec, Canada. Usually, the phytophagous natesaaaged with
naturally occurring beneficials (predacious mites). Howeverhéndase where these are not
present or they are not in sufficient number for adequate controluthers suggest transfer of
predacious mites from a donor orchard to the release orcharmter wnd summer. This was
achieved by means of pruned wood, which should have 20-25 leaves and ahdéepstdator
per leaf. Moreover, the release orchard should be lightly infest@thydggphagous mites, which
would be there to provide food for the predators to become establishestu@igeshowed that
the two main families of predacious beneficials found on pruneddweere Phytoseiidae
(Typhlodromus caudiglapsind Stigmaeidaédgistemus fleschn@ri

Brown and Mathews (2005) suggested a novel orchard design for eastdrAN@rica, which
is both environmentally and economically sustainable. Compost mulch, compalaius,

interplanting and the use of disease resistant cultivars lagkemdents of the sustainable system
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they propose. The authors suggest redesigning the orchard acdordiiygire 4. The orchard
consists of a standard width grass alley every other tredaothhe machinery to perform the
horticultural activities required. The narrower alleys with comnpa flowering plants will
increase the diversity of the insect natural enemies. The witlein the row are widely spaced
for easy spraying, but the overall tree density remains the $@mwause every other alley is
narrower, which allows more rows per hectare. Several peachareenterplanted within each
row of apple trees to serve as a nectar source. Brown and 52001it) interplanted peach trees
bearing extrafloral nectaries in an apple orchard and found hleatitversity of arthropod
predators and parasitoids on apple trees was increased. The authors suggest 204&@p@ach t
hectare. The much warmer winters and cooler summers, however, wobkblyr make peach
not a good choice for the UK but other earlier-flowering neatdr tree species (possibly
nectarines or apricots) could be interplanted with apple treg¢beiway peach has been used in
the US- to increase the abundance of beneficial insects, provigledithnot harbour fireblight.

Some of the principles behind this approach should be explored in the cohtdkt cider
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Fig. 4. A novel orchard system (where: vertical hatchingsg alleys; wavy line hatching=strips of companion
flowering plants; stars=peach trees, and circlegleapees) (from Brown and Mathews, 2005)
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Two commercial flower mixtures (Tubingen Mixture from Germany Asdot Linde SN from
the Netherlands, containing 12 and five plant species respectivelg)tested in Hertfordshire
as food sources for attracting beneficial insects in the C&tréck and Williams, 1997). The
observations showed that 14 species of Hymenoptera, 14 species of &jigibid, and six
species of Lepidoptera visited the flower mixtures. In both of theunes, even though they
contained many plant specié¥jaceliatanacetifoliawas the most successful species in terms of
establishment, flowering and attractiveness to beneficial tsisetile the contribution by the
other species of the mixtures was small. These two floviduras, however, proved unsuitable
for the UK conditions because they flowered during the period when otber is@urces like
Tilia spp.,BrassicanapusandVicia fabawere available and therefore the insects attracted by the
mixtures were few. The authors suggest that a more suitablerenitdr the UK conditions
should have more late flowering and fewer early flowering @paties (Carreck and Williams,

1997). This is an area for future research (see Part 3).

Conclusions

One way to maximize ecosystem services is through habitat managanpeattice which
favours the presence of natural enemies and therefore the biological cohpests assuming
that damaging pesticides (to the beneficials) are not going to be Bbedelia tanacetifolia
Benth. (phacelia)Fagopyrum esculentumloench (buckwheat),obularia maritima(L.) Desv.
(alyssum), andCoriandrum sativunL. (coriander) are the most commonly used species in
habitat management studies. A number of studies have been conducted to evakfétettbe
cover crops, artificial weed strips, flowering plants and other ground rcov@nagement
practices (herbicides, mulches, tillage) on the biological control ofspgsbugh enhancing
natural enemy population and performance. The majority of the studies resulteder rates

of damage by insect pests, but the same results may not apply under ciaimcoeditions in

UK cider apple orchards and therefore further more detailed research is required.
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1.3 Orchard design and agroforestry

1.3.1 Orchard systemsfor cider apples

Functionally, the majority of the traditional cider clwards in Europe formed
silvopastoral systems (combining tree fruit productiand pasture) until around 1950.
These systems consisted lafge, long-lived, low-density plantings where management was
not a major concern (Merwiet al, 2008), with limited or no pesticide inputs since the
appearance of the fruit was not as important as in despgies (Copas, 2001). The
traditional cider orchard consisted of widely spaced rowsutaB.6-9 m apart) of 6-1¢h tall
trees with a broad canopy (7.6 m) and high main branches gtar«2.1 m from the ground.
They were designetb be suitable for fruit growing, but at the same time tovigle easy
penetrationof light for adequate pasture growth so as to be suitable for livestaaing
(Lombard and Williams,1974; Quinion, 1979; NACM, 1980; Merwin, 1999). In such
systems, budding of scions was done high abovegifteind using seedlings or vigorous
rootstocks (Merwinet al, 2008). These traditional standard treese difficult to harvest
and occupied considerable space. As a result, dtiim$970s these orchards were generally
replaced with higher density plantings (400-600 trees per leectampared to 100-150 for a
standard orchard) of trees 1.8-4.6 m high with a canomadpof 6 m.In France, in the
1950s, the government subsidized growers to change theirdradifpasture cideorchards
andby the 1990s most had moved to modern systems with intensivengkwofi productive
varieties using MM106 rootstocks which were managed in a similar way tesei® apple
orchards (Merwiret al, 2008). Similarly, in the UK during thd970sgrowers replaced their
traditional cider orchards with the modern system deterthby the development of a large-
scale cider industry (Copas, 2001). This use of segorous rootstocks (primarily MM106)
made grazing impractical (NACM, 1980; Hardy, 198%ndell,1984; Hogue and Neilsen,
1987), and gave earlier and heavier productitan the traditional standard pastoral system.
Modern intensive cider apple trees come into full croppifigr 8 years whereas standard
trees do so after 15 years, and also give yieldsalmut 20-25 tonnes/hectare
compared to 10-12 tonnes/hectare for standard trees (NA®BD; Legg, 1984). The

optimum production figure for modern intensive cider apples is now coadiderbe 50-55
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tonnes/hectare (Richard Heathcote, pers. comm.). In Spain, irashngrowers have

maintained the traditional system (Mervahal., 2008).

1.3.2 Sward composition and design

Permanent orchard floor vegetatias the most commonly used orchard floor management
system and consists of a permanent cover of grasses or othisr (plague and Neilsen, 1987).
A permanent grass sward can be a very effective means of tprgteoil conditions by
maintaining or increasing soil organic matter (Greenham, 1953jis Jystem protects the
orchard soil from water erosion and compaction caused by mechagitgament, in contrast to
mechanical cultivation; it can be used on its own where vegetatiapviged, or in combination
with mulch, within the tree row or herbicide strip (Hogue and d¢eil 1987). Permanent sward
management either involves mowing weeds that grow in the orchareth@dnwhich prevents
vigorous weeds from growing and allows other useful grasses and ataise over, or the

sowing of a mixture of grasses, or mixed grasses with legumes, for weedssigpr

We will now discuss historical trials (because the work thatbdeen done to assess this in the
UK largely stopped in the 1980s), recognizing that new, improved grdsgars may offer
different opportunities which were not available at the timerdgssarch was carried out. A large
scale trial established at East Malling in 1940 (Rogé®l., 1948; Greenham, 1952) compared
30-year old Worcester Pearmain trees in grass and clover swiindplots receiving summer
cultivation. Three complex grass and clover mixtures were sown twaiier treatments
involved different frequencies of mowing and five fertilizer teats on the sward plots. All
three grass mixtures checked the growth and cropping of treiedlyinibut after a few seasons
the trees fully recovered in those plots which were either é&mttyu mowed to reduce
competition from grass, or included the addition of nitrogen fertibremixtures which did not
contain the vigorous grass cocksfobattylis glomerata Mowing six or seven times per year
with a gang-mower gave good results in comparison with three auyeaewith a hay mower
which was harmful to the trees. After 13 years Greenham (1952)tedpthat the best grass
treatments maintained tree growth at the same level as suouftigation, but considerably
reduced the proportion of pre-harvest drop so that the amount of drckedvas markedly
increased and improvements in fruit colour were found (a feature odfgorted under grass

swards). Greenham (1952) concluded that, because of the initial tchigzele growth, grassing

21



down was only recommended after five years, before which summerataoh was
recommended with the application of organic manures, mulches or annuatipseto provide

a supply of organic matter.

Chippingdale (1957) also reported a negative effect of initial sowitlg perennial ryegrass
(Lolium perenngand that cocksfoot may be a better species to sow than sgegiree it was
easier to mow and less liable to develop seed (ryegrass \iiasldib mow in wet weather and
had a tendency to seed heavily in summer, although since thisthere has been much
improvement in ryegrass varieties). Subterranean cldvéoljum subterraneumwas unsuited
to gang-mowing and became a ‘tumbledown’ (poor condition) sward. Wheogamt levels
were high, annual meadow grags annua became the dominant grass of ‘tumbledown’ sward
and was typical of intensively managed sward. Rough stalked megde® P. trivialis) and
Agrostis spp. later accompanieB. annuawhen mowing was less frequent. White clover
(Trifolium repen} sown alone gave dense swards, but was rapidly invad&bdywhich was
further increased by application of N fertilizer (the longestogefor white clover to persist as
the dominant species was four years). S.50 Timd#hfeum pratengegave very satisfactory
results as it was an easy grass to mow and provided a dense Red fescueHestucarubra)
had no obvious advantage and was sometimes difficult to mow and developddca snat

which could cause run-off of rain on sloping ground.

Greenham and White (1966) described the results of a 12-yeaoftisat contrasting swards
(S.23 perennial ryegrass, S.50 Timothy and chewings fef@stuta rubrasbsp commutats
each with white clover, white clover alone, subterranean clover anliadj a natural sward to
develop in which annual meadow grass was initially dominant) peefdrat East Malling on
bush trees of the desert apple variety Laxton’s Fortune on M11 plant®d5-46 at 6 m x 5 m
five years after planting. Swards were mown closely anguéetly except for the perennial
ryegrass. The cropping of the trees over the 12 years wasatyweelated to the vigour of the
swards which was highest under the perennial ryegrass, lowest thnedaatural sward and
intermediate under the timothy swards. These differences in vigtarmined the severity of
competition for both water and for nitrogen. The chewing fescue didewaime established and
was taken over by annual meadowgrass and perennial ryegrabsalga@ccurred in the white

clover plots. Subterranean clover also failed to establish. Therenwasvidence of any
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beneficial effect of sowing clover in any of the mixturese€éhham and White (1968) also
described a 12-year trial of three contrasting soil managergsteinss (frequently mown S.23
perennial grassland sward, a permanent overall straw mulch andesuwutivation) on the
same Laxton Superb trees. Tree growth was greatest unddraivensulch but this was not
reflected in yields until a lighter pruning regime was adopted towardmthef the study. Trees
under clean cultivation grew and cropped well during the first hatheftrial but later yields
were lower because of cultivation injury to the trees. Grgsdmvn initially reduced growth and
yield due to competition for the first half of the trial but gaegisfactory growth and yield in the
second half of the trial after receiving a higher rate abgén application. Green and Stockham
(1966) reported four years’ observations on Cox’s Orange Pippin follogragsing down in
1956. A distinct check to growth and cropping was observed with pereyagabss and clover
but less under S.50 Timothy and clover, whilst the best resultsobtamed where clover alone

was sown.

Work on grass swards continued in the 1960's at Long Ashton Reseatwn Stah the
introduction of chemicals to provide control of weeds without the needultvation. Stott
(1965) described a trial using a growth retardant (Maleic Hydiea MH) to restrict growth of
grass and 2,4-D to control dicotyledonous weeds, since this could enabléotige established
on arable ground and with direct planting into sward. Grass was &awer cultivation as
grass restricted nitrogen available to the tree which wasidawed advantageous since it
prevented imbalances between vegetative and reproductive growth. phtsong, harvesting
and other aspects of management were more easily carried ouasm gdowever, regular
cutting of grass was costly and chemical methods of swardotomére considered to be
economically important. Application of MH and 2, 4-D resulted itieligrowth of the sward
until eight weeks after spraying. However, by mid-August, thirel of sprayed areas were
covered in dead vegetation with bare patches. Most weeds wededeltgr MH except for field
speedwell which increased as grasses died. No significanedif®s in cropping were detected.
Later work (Stinchcombe and Dumas-Copas, 1981) suggested imprawdts nsith swards
treated with paclobutrazol. Although white clov@rrifolium repen$ was a promising ground

cover species for orchards it was rapidly invaded by more dominant gragesspe
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Stott et al (1975) described trials on Cox and Golden Delicious in which paraquat and
carbetamide applied as a double application gave an almost pure slearer. Propyzamide
increased clover from 6% to 68% in an unsprayed area. &tatt (1975, 1976, 1977) also
describe herbicide trials on Cox and Golden Delicious in which theesigyields and most
vigorous trees were those on plots kept weed free with simaathg@araquat. However, as
noted in earlier studies, grass cover gave better coloured frilit improved fruit nutrient
content (Ca, P & K). Un-mowed white clover gave very promising tesluiring the first four
years, but in the very dry weather of 1976, clover competed wenygdy with trees for water
which resulted in lower yields and smaller apples. During thas geil moisture deficits were
greater under the clover sward compared with weed-free plotsstwdrhssed alleyways
maintained by mowing or applying MH/2,4-D were intermediate.thérfollowing year there
was no significant difference in soil moisture deficit until Augwen the white clover was
again significantly drier than weed free areas. The report radsed that strawberry clover
(Trifolium fragiferum) removed less water than white clover and so competed lesslgtiong
water. Strawberry clover also withstood the 1976 drought better. Ahhdoger plots yielded
least in 1976, they yielded the most in 1977.

Monoculture trials have also been carried out in work mainly outeEl®K (see Table 2), but
there was a difficulty in keeping the monocultures free fromdwesd dense enough, so as to
provide adequate soil coverage (Lipecki and Berd®97). Orchardists show a preference
towards natural swards because they are cheaper than séaeskipecki and Berlée 1997).
Other trials have been conducted to test the use of permanentoapeonly in the tree rows
with other soil management methods between the rows (Lipecki at@cB&997). Another
system is the so-called ‘Swiss Sandwich’ which retains weettsn the apple tree row to
reduce water loss, but is shallow tilled either side, adjacerthdograss alley to reduce
competition (Stefanellet al, 2009). The most commonly used species for the permanent orchard
floor vegetation system (full width or restricted to interrows) are ginérable 2.
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Table 2: Species that have been used in experiments fangmemt sward (compiled from Lipecki and Betbe
1997)

M ethod Species

Lolium perennd..

Poa annual..

Elytrigia repensl.

Naturally occurring sward
Taraxacum officinalé&Veb.

Stellaria mediavill.

Trifolium repend..

Lolium perennd.. (dwarf cvs)

Festuca rubra..

Sowing seeds of mixed grasses or mixed grasses with legumes Festuca ovind..

Poa compressa.

Poa pratensid..

Festuca arundinace&chreb

Lolium perennd..

M onocultures Festuca ovind..

Muhlenbergia schrebeli.

Trifolium repend..

Potentilla reptand..

Festuca ovind..
Permanent cover crops

Glechoma hederacda

Trifolium repend..

Several legume species$rifolium repenscvs. White clovers Huia, S184 and Kent; red clover,
T. pratense crimson clover,T. incarnatum strawberry clover, T. fragiferum trefoil
Medicago lupulina British SeedHouses Al17 legume mixture) and a low maintenance grass,
lissete dwarf ryegrass were used in a taal weed free soil strips of young Ashton Bitter
trees (Copas,1994/2010). All three white clover cultivars had a rapid gernanaéind good
establishment, forming densemat but they caused depletion of soil moisture and nitrate.
Red clover and trefoil were lesoompetitive but inadequate in terms of weed suppression.
BSH Al7 legume mixture and strawberry clover hadlightly slower establishment but
provided good weed suppression. So, these studies suggestéshtimesmake good green
mulch for weed suppression but can seriously inhibit growthoohg trees especially idry

summers because they compete for water (Cop894/2010).
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In trials carried out at Long Ashton Research Station, aumaxtf chewings fescué-éstuca
rubra commutath and browntop bentAgrostis castellandHighland’) was compared with
dwarf turf-type ryegrassesfor cider orchard alleyway swards. The fescue/benturexhas
been the standard recommendatidar cider orchards for many years because it
provides a rapid establishment of a compaeged-resistant, stable, shade-tolerant
sward. Dwarf turf-type ryegrasses, however, could be aarnalive sward whichis
inexpensiveand easy to establish and is less competitive with tees tfor water and
nutrients. Suitable dwarf ryegrass cultivars require only four mowings per seasuamle

the fescue/bent mixture requirex or more (Copad,989).

A trial was carried out to assess the best availables graxtures for orchard alleyways and
for grassingdown under established tree rows. BSH A22 (60% Lorina dwarf agsgr35%
Logro slender red fescué% Highland browntop) and Barenbrug rye/fescue mixtures (50%
Barcredo dwarf ryegrass, 30%arcrown slender red fescue, 20% Bargreen chewings
fescue) gave an excellent low maintenance sward stéhdyregrowth after mowing. PRO
120 (60% Lisabelle dwarf ryegrass, 35% Liprosa slender esdué, and 5%Highland
browntop) had a quickeregrowth and contained a more vigorous ryegrass which required
more frequent mowing. BSH A6 (40% Boreal fescue, 30% Wilma chewings fescue, 20%
Julia smooth meadowgrass, 10% Highland browntop) forame@xcellent sward. BSH A7
(50% Hermes dwarf ryegrass, 20% Julia smooth meadowdi@¥si-rida chewings fescue,
10% Wilma chewings fescue, 10% Highland browntop) and Baren{@0% Barlow dwarf
ryegrass, 20% Barcredo dwarf ryegrass, 30% Barcrown slemdkerfescue) also formed

good swardsbut contained vigorous ryegrass which competed with the trees (Q9943.
More detailed information on orchard design andofmestry can be found in the

‘Replacement of cider orchard herbicide strips vatmat-forming perennial vegetation cover’

review (Vysiniet al, 2011).
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1.3.3 Intercropping

A common practice for dessert apple trees in the traditional roicheath widely spaced rows
was to intercrop the alleyways in the early years (Wila1996). Intercropping is the practice
of growing two or more food crops at the same time on the saraeohtand (Willey, 1979).
Even though intercropping was a practice undertaken in dessert apgesaitso take place in
cider orchards (Williams, 1996). The benefits of intercropping inciudadditional income for
the grower from the intercrop, especially in the early yedmsrnwthe apple trees have not come
into full cropping, and weed suppression. However, the intercrop alone isapable of
providing complete weed suppression and therefore additional control d$ weeequired. This
is achieved by hand weeding in developing countries, since it isdiffitalt to find selective
herbicides that could be applied to both crops because the main crop anigritrep usually
belong to different families (Hartwig and Ammon, 2002). Intercroppiag ddso been used as a
form of biological control for several insect pests. In a Chirstady, five aromatic plants
(Centaureacyanus Saturelahortensis Nepetacataria, Ageratumhoustonianumand Ocmium
basilicum) were tested as intercrops in a pear orchard. All aromatidspleduced the pest
population especially the Homoptefasglla chinensis PseudococcusomstockiKuwana, and
aphids) when compared with the natural grass plots, @itltyanus S. hortensis and A.
houstonianumhaving the most noticeable effect. This significant reduction &t pepulation
was correlated to an increase in the number of natural enenpestsoor the repelling of pests.
However, the requirement of the intercrop is to attract only rlagdnemies and from this point
of view the aromatic plants are suitable candidates becausevthatile oils attract many
predators and parasitoids (Saet@l., 2010) and also the nutrients of the plants provide a source
of food to them. Finally, they have the advantage that they tolerate a degree qSsmagtal.,
2010).

In an Indian study carried out in mandarin orchards with seven differetrops (wheat,
maize, cotton, marigold, chickpea, soybean, okra) it was foundhnbadtees intercropped with
legumes (soybean and chickpea) had higher fruit yield (72.2 &p/t@mpared to the non-
leguminous intercrops and monocropped trees (68.5 kg/tree), plus an eldrabtained from
the intercrop which ranged from 0.10 t/ha (cotton) to 2.80 t/ha (marigBSlijastavaet al.,

2007). Even though a variety of intercrops have been used in bush orchprdged that most
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of these had serious problems such as restricting the access of mecharpoa¢egrequired for
spraying or harvesting practices (Umpelby and Copas, 2002)avdl{1996) questions whether
anything will be gained from intercropping in cases where tleg alidth is less than 5.5 m. In
more generous alleyways several crops could be used such as, str@alserries, silage grass,
root crops, and early potatoes (Williams, 1996). Bulmers’ contraptaders have tried corn,
linseed, flax, and silage as intercrops without any successafidiand Durrant, 2009). Durrant
and Durrant (2009) mention blackcurrant, strawberries, asparagus, potatoee, and daffodils

among the most common intercrops for orchards.
1.3.4 Grazing

Traditionally cider apple trees were widely planted as standamdsthe orchard had a dual
function of livestock and cider production. A variety of livestock (chiskepigs, cows, turkeys,
and sheep) can graze apple orchards and this approach is stillHousser, whenever grazing
takes place livestock should be removed at least 56 days befoesthidme fruit to avoid the
danger of faecal contamination, which is a requirement of the omd@ufacturers. Another
disadvantage of having livestock is the fact that they add an eastato the apple grower

because they are labour-intensive (Durrant and Durrant, 2009).

A study was conducted in Canadian apple orchards to determine ¢atvefiess of grazing
hogs on the control of weeds and grasses that grow in the orh@rdiso for the control of
plant diseases by removing windfalls. Two different hog densities tested (46.45 fipig and
24.40 nf/pig) and both were equally effective. Leaves, fruit, soil ammume were analyzed to
determine the risks of contamination by total coliforms Bacdherichiacoli. Leaves and fruit of
the grazed plots were free & coli and very fewE. coli were found in soil samples. The
practice of grazing hogs was also very successful in removimdfalls from the orchard floor.
Less that 4% of windfalls remained in the grazed plots compgardte control. The results of
the study show that despite the concern aBoabli contamination related to grazing livestock
in an orchard, there is a potential for such grazing, provided it ismgamied by good

management (i.e. avoid grazing for two months before harvest) (@ahn2007).
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Conclusions

Permanent orchard floor vegetation is the most commonly used conttobangteventing soil
erosion and compaction. Several grass/grass-legume mixtures have beérovestéhe years
including ryegrass, white clover, S.50 Timothy and red fescue with goodsrd3edtsert apple
trees were traditionally intercropped with benefits for the groweshsas additional income,
weed suppression, and biological control of insect pests (e.g. the use atiarplants reduced
the pest population in a pear orchard). Several crops have been tested rampgevrithout

great success. Grazing was a practice common in traditional cider orghlautist needs to be

accompanied by good management.
1.4 Wastereduction

Waste is a problem in orchards and where it is generated itdst@uldealt with in an
environmentally acceptable way. Good environmental practice towards swustainable
orcharding involves both waste minimisation and effective manageofievaste. Major waste
products of an orchard are: prunings and trash, empty chemical cositamasaining pesticides
and fertilisers, and apple pomace.

1.4.1 Prunings and trash

A large amount of waste biomass is produced in apple orchardsasltaaf cultural practices
such as pruning and thinning. The current situation with prunings astu i that they are often
shredded on-site and left to mulch into the sward, or they are composetiiier case they are
not classified as waste. Prunings and trash may also be burtiicim @ase they are classified as
waste. Rupasinghet al. (2007), in a chemical composition analysis showed that apple orchard
waste is a valuable bio-resource. Spring pruned twigs, summer plemexs and stems and
hand-thinned immature fruit were analysed for phenolic compounds and eohvgiéin mature
fruit. Summer pruned leaves had the highest total phenolic content (81AL@0ntyYy weight)
followed by spring pruned stems (320.2-245.0 mg/100 dry weight), and inarfatutr (324.4
mg/100 dry weight), while mature fruit had the lowest total pheradntent (42.7 mg/100 dry
weight). As the authors suggested, this indicates that a pbies#iaf orchard waste (prunings)
could be the extraction of polyphenolics which are of interest beaafusigeir antioxidant

properties in relation to human health and they suggested that araapplaf these compounds
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could be their use in the food industry as natural antioxidants whight meplace synthetic

ones, and add an alternative source of income for apple growers (Rup&s$isgh2007)

Wood from pruned apple orchards could be used as a source of renewable Seseral
advantages of wood, which make it one of the most valuable biofuelss argh calorific value
(13.6-14.6 MJ/kg, similar to that of brown coal), the emission of lesgedans fumes, and the
small amount of ash after burning. This ash can also be usedatsral fertilizer. The large
amount of wood generated annually in orchards and fruit plantations pafiemg could
therefore be used for energy generation. More data are requitexsins of the amount of wood
generated from pruned apple orchards in order for this alternatiyeofvatilising it to be
assessed. A study was conducted in Poland for this purpose, and concluidied #maount of
wood from pruned apple orchards depended on the age of trees and\ggowthof individual
cultivars with the highest amount of cut wood obtained from the olde=t {Rabcewicet al.,
2010). Another study was carried out in the Netherlands in order toa¢arganic waste from
agriculture and the agrofood industry that could be used as a renesealte for energy
production; pruning wood from fruit trees was one of the most impaatannhg the agricultural
waste streams. The available pruning wood from Dutch fruit treesiiged to 550 kt/year, from
which 4400TJ/year of energy could be produced if the whole wastenstvaa used for energy
production (Hiddink, 1997).

1.4.2 Biochar

Biochar is ‘the porous carbonaceous solid produced by thermocheroioarsion of organic
materials in an oxygen depleted atmosphere which has physiochproperties suitable for the
safe and long-term storage of carbon in the environment and, potergallymprovement’
(Shackleyet al, 2010). Typically, during pyrolysis approximately 50% of the carbonagued

in biomass is retained within biochar which is significantly tgme#han the carbon recovered
from composting equivalent biomass (Laird, 2008). Moreover, biochar tiasy&low rate of
decomposition so that, if applied to land, it remains in the soil for le@g periods (more than
100 years), making it an attractive option for long-term carbon segtiestin the soil
(Atkinson et al, 2010). The use of biochar in agriculture is not new and has it& anigire-
Columbian times, when continuous slow burning of vegetation was used te cutaent rich

terra pretasoil in the Amazon basin which was used for crop production by th&zan tribes
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(Navia and Crowley, 2010). Once applied to soils, biochar can incsedseertility/nutrient
availability by increasing the cation exchange capacity. lBip@pplication can also improve
soil water holding capacity and reduce environmental pollution (ergliZer, pesticide and
heavy metal contamination) (Atkinsoat al, 2010; Navia and Crowley, 2010). Global
production of biochar has been estimated to be between 0.05 and 0.3)@ yi(Atkinsonet

al., 2010). Lehmanret al (2006) estimate that the carbon stored in soil through biochar
programmes could be 9.5 billion tonnes by 2100. There is evidence thedetlué biochar for

the sequestration of atmospheric carbon to the soil could be a pbgerftiaient climate change
mitigation route (Atkinsoret al, 2010). Development of biochar production facilities for cider

apple orchards is an area which is worth pursuing (see Part 3).
1.4.3 Agrochemical containers

Another major waste form is empty agrochemical containersnénease in the consumption of
plastics in agricultural and horticultural applications has been dséretween 1991 and 1995
(Cooper, 1998). Sacks (fertilisers, feedstuffs etc.) have incréasadl3,500 to 15,000, while
packs for agrochemicals increased from 10,000 to 10,950 (Cooper, 1998). Agoathem
packaging accounts for about 5% (over 4000 tonnes) of the packagingetklivdarms every
year which end up as waste (Goldsworthy and Carter, 1998). Even thaeghedgents a small
percentage of the UK'’s total packaging waste (10 million toniiteis)the nature of the contents
that raises concerns in relation to disposal (Goldsworthy and Carter, 1998).

Disposing and then burning waste at a licensed waste dispogdasifees) has raised concerns
about nuisance and dark smoke. A small survey (Goldsworthy and &8, carried out in
the UK with 15 farmers/farm managers found that 14 of them werenguthe pesticide
containers on farm and only one was using a waste disposal conteafthding consistent with
previous research which showed that the majority of farmers (00€30%) were burning
containers, 20-30% were burying them, and only 0-10% had the containedezblby a waste
disposal contractor (Goldsworthy and Carter 1998). A similar ilgaggin was carried out on
85 farms in Italy (55 cereal farms and 30 orchard farms). In lypistof farms, the empty
pesticide containers were mainly burned, while only 3% of the aicfermers had their

containers collected by a specialised firm (Balsari and Airoldi, 1998).
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Even though burying plastic agrochemical containers involves limigkdaf environmental
pollution because the empty containers have been previously cleareaoita good way to
dispose of them as they are made of a robust material whichddegrary slowly and because
they are buried at a depth where there is no microbial ac{@ydsworthy and Carter, 1998).
Return, re-use and recycling of empty containers are better optiogiation to waste reduction
(Gilbert, 1998). However, the problem is that the empty containeys amiatain chemicals,
including residual pesticides (Cooper, 1998). Rinsed containers, on thargpoan be collected
for re-use and refilled with the same product they initially doeth (Gilbert, 1998). In some
cases there has been a shift towards supply of agrochemitiaésform of solids, powders and
granules, which means that the containers could be more easilgeéif@oper, 1998). Another
approach is to keep re-usable/refillable containers in a closrdt detween the supplier and the
user (Cooper, 1998). Small-volume refillable pesticide packaging ¢&s dommercially used
since 1995. In Canada the use of such containers has proved to havelpoteatiacing the
amount of plastic packaging used. In 1986, Ciba (now part of BASF) ineddd@0 litre
refillable containers with pumps for use in the United States.edewy they proved to be
unsuitable and unreliable for UK farmers because of their large size-Misiaset al, 1998).

Whatever the method of disposal, thorough cleaning of the empty containegsiired (Smith,
1998). Based on this, a survey was carried out by the BritishcAgmicals Association to
evaluate the degree to which farmers were cleaning their gmepticide containers. The survey
was posted to 783 farms, 263 of which responded (33.6%). The majoritynts tarer 150
hectares in size had rinsing devices fitted to their spragérsiose which did not, over 80%
were rinsing their containers three times (Goldsworthy ante€£d998). In Australia, over 90%
of farmers rinsed their containers at least once and most ofvtleeenusing landfills to dispose
of containers (50%), or were storing them on farm (38%) (McGuff8§8). In another survey
in Canada, 69% of the farmers interviewed said that they rinsedremsthecause they wanted
to use the entire product they had purchased; the reason for not rirsingok of time (Cook,
1998).

Empty containers if not returned and re-used, burned, or buried, couldylstedeeither as raw
material for manufacturing other plastic items, or burnt akféueenergy production (Gilbert,

1998). In Germany, empty, properly rinsed agrochemical containetakare back and recycled
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by manufacturers and wholesalers, a practice which becansewite for the first time in 1996
(Neck, 1998). A similar program has operated in Canada since 1989, in wipti gesticide
containers are collected and recycled. Two-thirds of the plastic the shredded containers
collected in 1996 were used to manufacture fence posts for agratwise and the rest was used

as a fuel source in industrial plants (Cook, 1998).
1.4.4 Apple pomace

Apple pomace is the main by-product of the juice and cider indusiridwide and represents
25-35% of the dry mass of apple (Gullénal, 2007). It consists of peel, seeds, core, stems and
exhausted soft tissue (Difieiro Garetaal, 2009). In 1999 more than 107 million kg of apples
were processed for ciders and juices in the United Statedhioi @7 million kg became apple
pomace (Robertst al, 2004); overall, 1300 million kg of apple pomace is produced in the USA
annually (Carsoet al, 1994), with annual disposal fees being estimated at $10 million (Worra
and Yang, 1992). In Asturias, northern Spain, one of the largestprmtiiwcing areas worldwide
(AICV, 2000), more than 20,000 tonnes of apple pomace is produced; this iy nseal as
cattle feed (Difieiro Garciet al, 2009). Pectin manufacture is the only other use performed at an
industrial level (Gulloret al, 2007). 800,000 tonnes of apple pomace are produced in Brazil
annually and this is mainly used as animal feed (Vendrusatodd., 2008). In India, annual
production of apple pomace is about 1 million tonnes of which only about 10,000 i®ieesy
utilised, the rest is generally thrown away, and creates enwveatampollution (Shalini and
Gupta, 2010). Thus in general apple pomace is generated in high volumes, disdasal is a
major issue for the apple processing industry (Cohn and Cohn, 1996). Its direct dsgogair
landfill may no longer be an acceptable practice due to environnzamedrns, so the potential
uses of apple pomace need to be explored (Catsah, 1994). Several uses of apple pomace

have been reported, and these will now be discussed.

Apple pomace has been widely utilised as cattle feed (ShalihGaipta, 2010). Because of its
high moisture content (80-85%) it spoils quickly (Robettal, 2004) so it is often dried prior to
use as feed (Cohn and Cohn, 1996). Edwards and Parker (1995) in New Zeafahthat it
was a useful supplementary feed for lactating dairy cows stungabased diets during autumn.
Inclusion of apple pomace in the feed of cows resulted in increasgganil& yield (20-30%), as

well as milk fat, milk solids and protein. Naraagal. (1991) evaluated apple pomace as a feed
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for cross-bred calves and concluded that it could be safely inctegarba rate of 12% in the
ration of calves without any negative effects. However, in gérmgple pomace is considered a
poor animal feed supplement because it is very low in protein andivicamtent, high in sugar,
and is only available seasonally (Haetal., 1981). It can also be utilized to feed sheep (Alibes
etal., 1984).

Press aids are used by juice processors when extractiigdbdrom the raw fruit in order to
optimize the amount of juice obtained (Robestsal., 2004). According to van Deelen and
Steinbuch (1983) conventional press aids have the disadvantage that they wotesyable
flavours to the juice (cited in Robersal., 2004). Robertst al (2004) therefore evaluated the
effectiveness of dried apple pomace as a press aid to improve the qustligwerry, raspberry
and blueberry juices. Apple pomace was made to a press aid and edmjiar conventional
rice hulls and paper press aids. In terms of juice yields, grofisant differences were found
between juice pressed using the conventional press aid, to juicedpresag dried apple
pomace, for both strawberry and blueberry juice. However, th@fuapple pomace press aid
significantly reduced raspberry juice yield. In terms of colthe, strawberry juice pressed with
apple pomace was significantly redder than the strawberry puessed with rice hulls, while
there was no significant difference in the colour of raspberryb&ueberry juices. In terms of
flavour, those juices pressed with apple pomace were preferredtliose pressed with
conventional press aids. In terms of the aroma, strawberryguéssed with rice hulls had more
negative off-flavours. The same was the case with rasphecey pressed with rice hulls, where
10 out of 11 aroma compounds detected were rice aroma compounds and only mepovied
exclusively as a raspberry compound. Similarly, in the blueberpe jpressed with apple
pomace 10 of the 11 aroma compounds were blueberry aroma compounds, whidueherry
juice was pressed with paper, only three compounds were detectbtued®rry aroma
compounds. All three berry juices had higher soluble sofi8Ex) and sugar-acid ratio with
apple pomace press aid compared to conventional press aids. Tdhefedaresults of the study

indicate that dried apple pomace is promising as an alternative press aidyguibes.

Apple pomace was assessed as a substrate for the production aeshiéntinula edodes
(Berk.) Pegler] and oyster mushrooRidurotusostreatus(Jacq. ex Fr.) Kummer arfel sajor-

caju (Fr.) Sing.] in New York. Both types of mushroom produced higheh fresights when
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grown on a 50:50 (on a dry-weight basis) mixture of apple pomace anldistathan on 100%
apple pomace or 100% sawdust suggesting a potential as a sudisteai@ment (Worrall and
Yang, 1992). Apple pomace is rich in nitrogen and readily usable cahatbs (Hang, 1987)
that add to the nutritive value of sawdust, but it was a poor substrate own (Worrall and
Yang, 1992). In IndidPleurotusmembranaceudlassee andP. euosmugBerk. apud Hussey)
Sacc. have been found on rotting apple pomace in nature; both of thesgoatedrto be edible
mushrooms (Upadhyay and Sohi, 1988).

A study was conducted by Hamg al (1981) to determine the possibility of producing ethyl
alcohol from apple pomace via solid-state fermentation. 43g off &itohol could by produced
per kg of apple pomace. Alcohols produced included methyl, ethyl, ptoygyl and amyl, with
ethyl being produced at the highest levels. The productioncohal from apple pomace could

be useful considering the increasing energy costs.

Several studies report the use of apple pomace as a supplementaimer growing media.
According to Van de Kamp (1986) composted pomace was of accejpadliey for plant
growth especially for seedlings. South Shelburne Cider Compampasied pomace and
applied it in young orchards where it improved tree growth (Vakatep, 1986). Parks (1979)
on the contrary, reported that vegetable crops had reduced yield andwigaugrown in fields
treated with apple pomace. Chong (1992) evaluated the use of apple pasnaneorganic
supplement for container culture of four ornamental nursery spéati€sanada: silverleaf
dogwood Cornusalba L. ‘Argenteo-marginata’), euonymugkfionymugortunei(Turcz.) Hand.-
Mazz. ‘Emerald Gaiety’], Andorra juniperJyniperus horizontalis Moench ‘Plumosa
Compacta’) and Emerald ceddrh{ja occidentalisL. ‘Smaragd’). These grew well and there
was no significant difference in shoot dry weight or in leaf notre®mposition associated with
growing medium. Andorra juniper grown in media containing 75% or 90% gppieace
actually had higher shoot dry weight, compared to medium with 25%, &0%® pomace.
However, the growing medium should contain no more than 50% pomace because mb%
pomace causes serious shrinkage of it (>20%).

Apple pomace is also considered to be a good potential source of polypHanacent years
there has been an increasing interest in natural food polyphenatsadigraative to synthetic

substances which are used in the food, pharmaceutical and cosmeticidadijilas et al.,
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2009). In a study by Lu and Foo (1997) to identify and qualify the majgppehols in apple
pomace it was found that the total level of the polyphenols in the ponsabout 7.24 g Kg
dry matter, the majority of which consisted of quercetin glycos{dets g kg dry matter),
indicating apple pomace has potential as a source of polyphenols. r@d@r compounds
isolated and identified included epicatechin, caffeic acid, phloridzin.jdibe obtained from a
conventional apple juice production process was poor in phenolics and contayn&e108b of
the antioxidant activity of the fruit used for its production (Van$leisetal., 2002) so the fact
that most of the polyphenols remained in the apple pomace, togethetheinaturally high
content of polyphenols made it promising to explore apple pomacead additive, and for the
recovery of these compounds (Djiketsal., 2009). In an Irish study apple pomace was also found
to be a good source of polyphenols and antioxidants (Wijngetaad., 2009). The overall
conclusion is that apple pomace, which is in abundance, could be used to degetdents
rich in polyphenols as healthy food additives. Natural extracts ihigimtioxidant activity can
also be used as food additives for colour and flavour preservation, amefotbeshelf life

improvement (Mouretal., 2001).

The use of apple pomace as a raw material for manufacturingfotiterelated products (lactic
acid, fibre-rich concentrates, and pectin) is also attractivéioGet al. (2007) used samples
from the cider industry to measure the potential of such pomadeef@roduction of lactic acid.
The comparative advantages of this material as a raw aldtariactic acid manufacture are its
high content of polysaccharides and metal ions (Mn, Mg, Fe and otheds)he presence of
mono-, di- and oligosaccharides, citric acid and malic acid. Apple pomacnatural source of
fibres (cellulose, hemicelluloses, pecifhglucans, gums and lignin) and diets rich in fibres play
an important role in the prevention, reduction and treatment of selieealses (Vendrusco&i

al., 2008). In another study by Figueraaal. (2005), fibre concentrates from apple pomace
were evaluated in order to be included in the enrichment of foods.débecentrates from apple
pomace had interesting characteristics such as high dietagyctbtent, which could permit the
use of pomace in the development of new natural ingredients for thenithastry (Figuerolaet

al., 2005). Carsoetal. (1994) used unrefined, dried apple pomace as an ingredient inipg fill
and oatmeal cookies, while Pattal. (1984) used apple pomace powder to enrich bread with
fibre (cited in Shalini and Gupta, 2010). Masoetial. (2002) concluded that apple pomace can

be incorporated into cakes without having an undesirable effe¢cteamphysical properties. It
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has also been used as a source of dietary fibre in wheatibriatia, where it was concluded
that breads containing up to 5% pomace were acceptable and did not ttengality of the
bread (Masoodi and Chauhan, 1998).

Another use of apple pomace is in the production of pectin. Accordibhgpezet al (1990),
apple waste produced during juice extraction, and the skin of &itrits, were the two main
sources of commercial pectin. Apple pomace pectin is characteby superior gelling
properties compared to citrus pectins (Schiedieal., 2001; Djilaset al., 2009). However, the
brown hue of apple pectins caused by oxidation is a limitation for their use in lighit-éobds.

A NACM trial was carried out in 1989 to test cider apple pomace/eed suppressant mulch.
After the juice extraction, the residual pectin was removed themapple pomace and the pectin
extracted fruit (PEF) was used as a mulch in a cider orchardepl with Ashton Bitter. The
results of the trial showed that the PEF mulch was successfuppressing annual weed growth
and also it encouraged the tree growth, however, it needed repkacery year. It was also

cheap and easy to apply (Copas, 1997).

Despite the fact that apple pomace could be utilized in mangreiiff ways, the ideal use in
terms of economic potential has not been found yet (Kenaedly, 1999); the production of
pectin, which has long been extracted from apple pomace (Slkeaahal985), being the most
reasonable way of utilizing apple pomace both from an economical atabieal perspective.
However, the fact that apple pomace is produced in large quawthitiesy apple processing
makes the production of a single product not economically feasible and productibposidile

products needs exploration (Kaushtal., 2002).
Conclusions

Minimisation and effective management of waste is important for sustioaitiarding. Major

waste products are prunings and trash, and apple pomace. Pruning waste has been found to be
rich in polyphenols; a potential use for the extracted polyphenolics hasppepased to be in

the food industry, as natural antioxidants. Another alternative use of pruning vgaste a
renewable source for energy production or as a soil amendment, as biochar. Empty
agrochemical containers are a waste product the concerns for which are maletigd to the

hazardous nature of their contents. Burning and burying are methods of disposalusetaee
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recycling are better options. Many uses have been suggested for apple poctacs attle
feed, press aid, a substrate amendment, a supplement in container growingprmuetliation of
alcohol, a source of polyphenols and pectin; however, the ideal use in tér@sonomic
potential has not yet been found. The development of biochar facilities for@ppiegs and

trash should be a priority (see Parts 2 & 3).
1.5 Varietiesfor climate change and optimized fruit quality
1.5.1 Varietiesfor mitigating the effects of climate change

Evidence indicates that global climate change is taking placeidirithve significant effects on
biological processes over the coming decades. Although there sl over the reasons
behind global warming, the adverse effects are clear and af goacern all over the world
(Hedhly et al., 2008). Increases in average temperatures and atmosphesjca€@ell as
alteration of the rainfall regimes are amongst the expeati@dtic changes (IPCC, 2007). It is
projected that the current 3@@nol mol* CO, concentration could have increased to be between
560 and 970umol mol* by the mid to late Z1century. As a result of the increased .CO
concentration mean air temperature is projected to increase hy fC (Houghtonet al.,
2001).

The exact pattern of temperature change will vary accordirggdographic location. In a study
by Sunleyet al (2006) six chill unit models were tested in the UK’s main gwiit producing
locations. The locations for which data were obtained include EafihylResearch, Kent; the
Scottish Crop Research Institute, Invergowrie, Tayside; Persbaliege, West Midlands and
Morley, St. Botolph, Norfolk. The chill models tested include the ‘@.Zh) model; the
‘<7.2°C’ (d) model; the ‘0-7.Z’ (h) model, the ‘0-7.Z’ (d) model, the ‘Utah’ model
(developed for peach) and the ‘Lantin” model (developed for blackcyrfiardnd d refer to
number of hours and days respectively). All the models apart frofutle showed that all the
regions studied (Tayside, East Anglia, the West Midlands andSthe&h-East) have had
significant reductions in winter chill since the 1960s with tingdst changes in the South-East
and the smallest in the north of the UK (Tayside). However, tHereiit chill models gave
different outcomes in terms of chill accumulation in the diffegatgraphic locations of the UK

and the selection of the best and most appropriate model for predintireffects of climate
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change depended on the crop. In the case of the soft fruit cropkc(btant and raspberry)

studied here, for example, the ‘<2 and ‘Lantin’ models were the most suitable.

In California two different chilling models (Chilling Hours; Dym& Model) were used in order
to investigate future changes in winter chill (Luedeletgl., 2009). The models showed that
climatic conditions will become less suitable for the cultivatbtree crops and in many cases
production will not be possible. It is anticipated that by the @ntthe 2f' century areas with
winter chill suitable for growing walnuts, pistachios, peachescas and plums (>700 chilling
hours) will no longer exist in California. For crops such as applesyries and pears with a
chilling requirement (CR) of >1000 hours, very few locations thatl thiése CR were found to
exist currently, and the model predicted that nearly none bwllavailable by mid-century
(Luedelingetal., 2009).

Kronenberg (1979, 1985 and 1989) used modelling methods to define a line across Europe which
indicated the regions where sufficient winter chilling wasenity available (below 100m above

sea level). They predicted flowering dates of two varie(slle de Boskoop and Golden
Delicious), and estimated the northern limits for production of fouetras (White Transparent,

Cox’s Orange Pippin, Golden Delicious and Granny Smith) of ap®iiope. The studies used
either generally applicable figures or limited sets ofetas for estimating chilling requirement
across varieties but whilst they demonstrate well the aplicati models to assess or predict
environmental suitability to apple growing they were not carriedwitht a focus on either cider

varieties or a changing climate.

The physiological basis for the chilling requirement is as fal¢see Battey, 2000 for further
details). The buds of deciduous fruit trees are dormant during the autumn andmietepérate
climates. This dormancy period consists of an endodormancy phase followeeédgdanmancy
phase (Langtal., 1987). Chilling temperatures are perceived during autumn and vantethe
cumulative effect of chilling is the main factor related te breaking of endodormancy. Once
the buds are released from endodormancy, the length of the ecodorpteaseyis related to
environmental conditions (primarily temperature) that restrictatttee growth of the buds. In
this way the combined effects of winter and spring temperatutesndee the time of bud

opening and spring flowering (Legagtal., 2008).
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In mild climates, the time of bud break is closely relatethéowinter chilling requirement of the
tree. With global warming, winter temperatures are unlikelye low enough for sufficient time
to fulfil the CR of apples in traditional apple growing regions &mslwill be a problem. For this
reason, low-CR apple cultivars will be more appropriate. It should leel nobwever, that if bud
break occurs early there could be an increased risk of froshggan®ppenheimer and Slor
(1968) developed a breeding project to produce apples with low CR andrhiglouality
suitable for warm climates. Their hybrids were expected teuttable for a climate with 200-
300 hours below °C during the winter. For this purpose, the breeding program used asspare
local varieties with low CR and very low fruit quality, the moeportant being one unnamed
type from Damascus, and the Palestinian cultivar ‘Biari’. Theems were then crossed with
established varieties (e.g. Astrachan, Delicious, Jonathan and T varieties with low CR
and improved quality were introduced from this program: ‘Anna’, ‘Einngfteand ‘Schlor’. In
another, Brazilian, breeding program, ‘Mollie’'s Delicious’ has baessd with success as a low
chilling source. Other low chill varieties include ‘Adina’, ‘HBel’, ‘Goldina’, ‘Princessa’,

‘SummerDel’, and ‘Primicia’ which is also scab-resistant (Jaetck., 1996).

The dessert cultivars with low CR which were initially maenmercially available, such as
‘Anna’ had poor fruit quality (Hauagge and Cummins, 1991). It is venyortant therefore to
develop low-chilling cultivars of higher quality for climate chgarmmitigation. ‘IPR Julieta’ is a
new productive cultivar, with good fruit quality and good performacelotations that
accumulate 100-500 chill units (Hauagge, 2010).The development of such cubiyaires the
hybridization of high quality (high CR) parents with parents halowg CR (and maybe low
quality fruit). Knowledge of the heritability of CR is importdat the development of successful
breeding programmes (Hauagge and Cummins, 1991). The study by Hawuag@eiramins
(1991) showed that rapid genetic progress towards the aim of develogmguality apple
cultivars with low CR could be achieved by crossing ‘Anna’ withicaits that have high quality
and high CR. Other low CR cultivars that could be used include diio€&olden’ and ‘Ein
Shemer’. By crossing these low CR cultivars with higher quality, high@ivars ‘Liberty’ and
‘Jonafree’, which are also resistant to diseases, low CR, higltygdeaease-resistant apples
could potentially be produced. Research in South Africa is developingléahgsvin this area
with a view to breeding low CR varieties and ‘Anna’ has been resshtly in the identification

of a QTL for vegetative bud break (see Section 1.5.3).
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According to De Salvador and Di Tommaso (2003) other options with teat@dtto cope with

a reduction in winter chill include the use of dormancy-breakinghateds that can compensate
for insufficient chilling in many crops (e.g. cherries) (diie Luedelinget al, 2009). However,
there are several limitations related to this option; one tsstigh chemicals are successful only
during the later stages of the dormancy period (Erez, 1995). It basfdnend that they are not
effective if applied early, while late applications might calbnsd damage and vyield reductions.
Their successful application therefore requires thorough knowledgbleofrée’s dormancy
period and accurate winter chill models (Luedeleigl., 2009). Furthermore, environmental
concerns restrict the use of such chemicals. Breeding woulddregipear to be the preferred
option for cider apples; the potential value of establishing a brepdoggamme is emphasized

in Part 3 of this report.

Recently published research assessing the chilling requiremeapiptefs for production with a
view to the changing climate has been somewhat reactive andenefote focussed on the areas
which are most immediately affected. Studies have focussed oil, Brdim, and South Africa
(for examples see Petri and Leite; Mankatiaal. and, Labuschagne all 2004). To support either
the selection or breeding of suitable varieties for UK cider ptemtudt would be necessary to
apply similar studies to establish baseline data specificler garieties and the cider producing

areas of the UK as this represents a clear gap in current knowledge.

One of the most readily observable effects of climate change @ant phenology (Schwartz,
2003). The timing of flowering is a key developmental stage famtplwhich has been found to
be altered by climate warming (Tooke and Battey, 2010). For eraropk study in south-
central England found that the average first flowering date oB3&Sh plant species occurred
4.5 days earlier in the 1990s compared to the previous four decades &Rd Fitter, 2002).
Alteration of flowering timing in fruit trees due to global sagé temperature increases is very
important because an earlier flowering may place the tnegariger of damage by late frosts. If
frost overlaps with the flowering period it can severely hdrenfiowers resulting in crop failure.
Such late frost damage with severe impact on apple yields eghpe Europe in 1981
(Chmielewskietal., 2004).

The timing of flowering also affects the plants’ chances oirnmtibn, especially if the pollinator

is seasonal and the timing of flower production does not overlap kéttinhing of pollinator’s
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flight activity. Therefore, any changes in flowering time wikve an impact on pollination
(Fitter and Fitter, 2002). Flower pollination is a key step in theuaereproduction of
angiosperm species most of which rely on insects or other aniatilaés than wind for transfer
of pollen. Pollination is a mutually beneficial ecological intacactsince insects transfer the
pollen and they benefit by obtaining nectar and pollen. Humanity alsefits directly through
the yield of the crops (Memmott al., 2007). These authors predicted that phenological
alterations due to global warming will reduce floral resourcesllopollinator species and
increase the percentage of pollinator activity period which does ndapweith any food plant.
The disruption of plant-pollinator interactions due to global warmingnast important for
pollinators which are more specialized with small diet rangest pollinators, however, rely on

more than one plant species (Memnettil., 2007).

Pollination may also be particularly vulnerable to the effectglobal warming through the
effect that high temperatures have been shown to have on polfemyserce during the stage of
pollen development (Hedhkgt al., 2008). Hedhlyet al. (2003) studied the effect of temperature
on stigmatic receptivity in sweet cher®r(@inusaviumL.) both in the laboratory and in the field.
Stigmatic receptivity was reduced with high temperature andstigena lost the capacity to
support pollen penetration. Pollen germination and pollen adhesion wereediged. Similar
results have been found in a wide range of crops (Barredbdls 2008), including other fruit

crops (Karapatzakt al, under review).

In view of the concern about the adverse effects of climate changgpollination with
subsequent effects on crop yields, the availability of apple \esiethich set fruit without
pollination could be relevant. ‘Spencer Seedless’ and ‘Wellington Bessnhare two apple
varieties Malus pumilg) with apetalous flowers. Their flowers do not attract bees bytdhe
produce fruit without pollination (Tobutt, 1994). Tobutt (1994) crossed these petalaus
apples with ‘Wijcik’, a bud mutant of McIntosh which has a columnawtit habit (see Section
1.5.3 for Marker Assisted Breeding (MAB) relating to the coluntrait). These crosses gave
apetalous columnar apples which have the advantage that they af#estor high density
orchards and can crop without pollination. They are therefore independbaef pollinator
varieties and warm weather at flowering time. There eversl other papers that make reference

to apetalous apples. Stout (1929) reported that breeding programmewah GBlew York were
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using apetalous apples; Dennis (1970) mentioned 19697 and 19726, two seedimssadetv
York selections and others in Germany or Russia [Ewert (1928helK(1931); Chernenko
(1953); Cuprinjuk (1969); Eliseev (1979); Pomonarenko (1980)] (cited in Tobutt, 1994).

Cropping of such parthenocarpic apples, however, is a problem that ssawbi@is emphasize.
According to Dennis (1970) from five apetalous varieties or 8ete; only ‘Spencer Seedless’
showed a consistent heavy crop, while Pomonarenko (1980) described sonmusigfes
which never produced fruit and others that produced fruit only if wee pollinated artificially
(cited in Tobutt, 1994). Another problem with these varieties is their fsatrquality. It is
therefore doubtful whether any of the apetalous columnar selectiomsl be of direct
commercial use; however, several selections from these couldelf@ as parents, for example
Tobutt (1994) described selections from SA633, SA736, SA737, with bettetyn&h633,
with easy rooting and resistance to mildew; SA712, with resistamcscab. The mutation
associated with parthenocarpic fruit development and the apetdiawscter in apple has been
shown to cause loss of function of a gene homologoB$3®ILLATA a key homeotic regulator
in Arabidopsisflowers (Yaoet al, 2001).

The majority of apple cultivars are self-incompatible and reqaipss-pollination to produce

fruit. Cross-pollination requires pollen from another apple cultivar hacetore it is common
practice for a commercial orchard to introduce other cultivarpodliizers. These cultivars
should be compatible with and flower at the same time with the main crop and they should not be
biennial so as to provide pollen continuously. Growers usually plant poinazeevery third

tree in every third row. Heavily pruned crab apple trees can heegdlas pollinizers so as not to
occupy a lot of space (Dennis, 2003). Tobutt (1994) suggests that colapmpiatrees would be
suitable for intensive tree plantations as pollinizers becausecthapact growth habit means

that they would occupy little space when planted among the trees of the main crop.

Many cider apple cultivars are self-fertile (Michelin,dbeett, Sweet Coppin, Stoke Red, Dove,
Yarlington Mill, Reinette Obry, Kingston Black, Tardive ForestFrederick) (Williams, 1954)
and may therefore be potentially important as parents in bre@doggammes (see Part 3).
However, self-pollination can be variable from year to year,dasons that are not understood.
The pollination requirements of cider apple varieties therefore teebe studied carefully and

systematically over several years (see Williams, 1954). Auttioesefore, tend to recommend
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that pollinizers are always needed, even with varieties whichcarg@dered self-fertile. Data on
the self-compatibility loci for the cider accessions in theiowal Fruit Collection generated by
researchers at East Malling (Defra project GC0140) are intluddppendix 2 and available
within the NFC database.

Finally, one additional element, key to the ability of apple tiaseto mitigate the effects of
climate change may be the development of rootstocks able to dtipaliered availability of
water. Current work at East Malling is focussing on the devetoprof genomic tools for the
pre-selection of water-use efficiency in rootstocks (Defra ptoM/U0115). Whilst the
development of markers and knowledge on water-use efficiency otadkddswill be directly
applicable to rootstocks for both dessert and cider varieties,eipscted that, as with most
current research, the major efforts will be weighted toward degageties and it would be
worthwhile looking to incorporate these findings into the developmerdat$tocks particularly

suited to cider apple production.
1.5.2 Varietiesfor optimized fruit quality

Apples produced commercially are classified as dessert (exgs ©range Pippin), culinary
(e.g. Bramley’s Seedling) and cider (e.g. Dabinett). All tlulasses of apples can, however, be
used for cider making. In the West Country for example cidetradgionally been made from
true ‘cider’ apple varieties, while in Sussex and the Easteumiizs dessert and culinary apples
are often used. Cider is usually made from a blend of varietibs sweet, sharp and bitter
characters in order to achieve the appropriate balance of @ajrand tannin. Bramley’s
Seedling for example, which is a culinary apple, is frequentiydelé with cider apples to give
the acidity required (Williams, 1996). Around 100 UK cider cultivars still cultivated,
although only about 15 are currently in modern intensive orchards (Lea, Z0@4g true cider
varieties typically have high sugar content (up to 15%), a rangeidities (0.1-1%), a fibrous
structure that facilitates pressing and gives more juice, lathignin content (ten times higher
than in dessert apples), which contributes to mouthfeel, a pleasaettagi@d and aroma, and
they can be stored for several weeks without adverse effectsxtumetavhen their starch
converts into sugar (Williams, 1996; Bamforth, 2005). The traditioreisdication for English
cider apples, as developed by the Long Ashton Research Statiorfieddntir groups based on
the acid and tannin content of the juice: bittersharp with high tammmteiwt (>0.2%) and high
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acid content (>0.45%); bittersweet with high tannin content (>0.2%)l@mdacid content
(<0.45%); sharp with low tannin content (<0.2%) and high acid content (>0.4bfb)sweet
with low tannin content (<0.2%) and low acid content (<0.45%) (Willigk@886). ‘Tannin’ is a
term which was initially used for substances that tanned pr@Bsiech and Garr, 1977). For a
long time it was employed imprecisely to refer to the tptalphenol content of ciders (Lea,
1990a). However, it has been found that only procyanidins bind with proteichBee Garr,
1977) and therefore they are the only true tannins found in apples, eveh #ibtige other
phenolics of apples are usually mentioned as ‘tannins’ (Lea, 1990b).

According to Lea (1974) the phenolic compounds present in cider armgfiethsanto the
following groups: phenolic acids, which are usually found as esters aicqacid with
chlorogenic (5-caffeoylquinic) acid being the most important; phiorederivatives
(dihydrochalcones) with phloridzin the most important; simplecténts with (-)-epicatechin the
most important; and condensed procyanidins with procyanidin B2 the most important (Beéech a
Carr, 1977). The chemical structure of these compounds is giveguref. However, it should

be mentioned that the phenolics present in the cider-apple juice fdiffie those found in the
whole apple fruit, because some compounds such as flavonol glycosidasthodyanins are
mainly found in the peel of the apple (Sanosteal, 1999) where they remain during the process
of juice extraction (Beech and Carr, 1977). Phenolics are impdotatite appearance, taste and
quality of cider (Markset al., 2007a) and they are also associated with the balance between
astringency and bitterness, which is responsible for the overall Ihfelit of ciders (Lea and
Drilleau, 2003). Astringency is a drying, puckering sensation in thgttmin which the whole
tongue is affected, while bitterness is mostly perceivedatsides and back of the tongue.
Astringency and bitterness are due to polymeric and oligomesygnidins respectively (Lea
and Arnold, 1978). Other reasons for the importance of phenolic compouc@eininclude

their contribution to its colour and aroma (Sanaetex., 1999).
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Fig. 5: Chemical structure of main classes of apple paypls (Lea, 1990a)

Marks et al. (2007a) analysed the phenolics of 19 cider apples (Ashton Bitter,nBsowut,
Browns Apple, Broxwood Foxwhelp, Bulmers Norman, Chisel Jersey, Digbkeés Bitter,
Harry Masters Jersey, Major, Medaille d’Or, Michelin, Reiles Hatives, Somerset Redstreak,
Sweet Coppin, Taylors Sweet, Tremletts Bitter, Vilberie, iigtbn Mill) and one dessert apple
variety (Golden Delicious) and found that the cider apple vesietere richer in phenolics than
the dessert apple and also that the peel had more phenolics theshh&lhe phenolic content
of the peel was 546-6306 mg kdresh weight and that of the flesh 230-4920 mg kegsh
weight. 15 compounds from five different phenolic groups were detected 5vith
caffeoylquinic acid, procyanidin B2 and (-)-epicatechin predominatnghe flesh and (-)-
epicatechin and quercetin glucosides in the peel. Yarlington Mill aeadaMe d’Or had the

highest phenolic content in both the peel and the flesh and the swastties generally had
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lower phenolics than the bitter. The authors suggested that obtainorghation about the
phenolic content of cider apples has increasing contemporary relevmuzise by choosing
apples with higher phenolics, cider makers could look to increasentsbution to the intake of
phenolics from the diet. According to Epps (2005), Dabinett and Michedirtha two major

varieties used by HP Bulmers (up to 56% of the apples used) {citeldrks et al., 2007a),

which could be replaced by other varieties which are richer in phenslich as Yarlington Mill

and Medaille d'Or.

Sanoneet al. (1999) studied the polyphenol composition of the fresh cortex of 14 Fagppbh
varieties (12 cider and two juice varieties), one English acideety (Dabinett) and one dessert
apple (Golden Delicious). Procyanidins were the main class of polgjshenall 16 varieties
analysed. The polyphenol concentration was 1-7 g/kg depending on ribgy,vavith cider
varieties showing a higher polyphenol concentration compared to fsert@pple and bitter
varieties having the greatest concentration. Golden Deliciougheatbwest total polyphenol
content (1.04 g/kg), while the French variety Jeanne Renard had the H@§B8sy/kg). The
English cider variety Dabinett was twelfth with total polyphenohtent of 3.41 g/kg fresh
weight.

Fatty acids are very important because they contribute to tisorgequality of foods. They
contribute to flavour as precursors of volatile compounds and theglsarbe converted into
flavour and fragrance products. Fatty acids such as linoleic amdaglieli inhibit foam formation
(MacLeod, 1977). Therefore, controlling fatty acids is important becthes ability of cider to
form foam is an important characteristic in terms of how ctitr@ the product is to the
consumer. In cider, high foam stability is connected to a decneassory assessment. The
fatty acid composition of 30 monovarietal apple juices from six @gete varieties (sweet cider
apples: Coloradona, Verdialona; sharp cider apples: Durona de [Tr¥salnina, Raxao,
Solarina) was analysed in Spain (Blanco-Goatial., 2002). Ten fatty acids were quantified,
with palmitic and stearic acid being the main ones. The unsatwkdre and linoleic acids and
the saturated caprylic, capric, stearic and palmitic acide &ssociated with the sweet cider
apple category, while pentadecanoic acid was related to thecgttagory (Blanco-Gomistal.,
2002).
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Another study was conducted to determine the phenolic profile of 46 sBpaiter apple
varieties, and paid particular attention to chlorogenic acid contenhg@deet al., 1999).
Chlorogenic acid is the main substrate for polyphenol oxidase; itatmm gives rise to
pigments that can co-oxidise other substances (Amiot et al, 1982)efdre, cider apple
varieties with a low content of chlorogenic acid are more suit@blenaking apple juice, for
minimizing enzymatic browning and for controlling the stability leé final product. The study
concluded that certain varieties (Lagar, Loronesa, Casado, Obduhrend.iDurona Tresali) are
not appropriate for making apple juice. The work also showed that 8pesash cider apple
varieties had lower (-)-epicatechin and procyanidin B2 content cemgar English varieties
(see Lea, 1990a). Even though lower contents of these compounds are aventagerms of
the stability of cider regarding haze (particles that devel@pple juice because of the ability of
proteins, tannins, and starches to aggregate), these polyphenolsoaneetled because they
contribute to the taste of cider and they also control microbiologipallage, as well as
potentially being health-beneficial. Therefore, varieties with very lowgt@nol content such as
Cristalina, Perezosa, Pera and No Prieta Antigua could promotalsewsdts that can develop in
cider as a result of the activities of lactic acid bacteria (Maegas 1999).

Priceet al. (1999) studied the flavonol content and composition of four dessert ap@tesari
(Granny Smith, Cox’s Orange Pippin, Jonagored, Egremont Russetfookimg (Bramley’'s
Seedling) and three cider making (Dabinett, Michelin, Yarlingtoill)Mas well as the
distribution of these compounds in pomace and juice of the cider applaegarand between
peel and flesh in the dessert and cooking varieties. The major flasmmgionents of all eight
apple varieties studied were the following five quercetin gigass hyperin, isoquercitrin,
reynoutrin, avicularin and quercetin. The total flavonol contents ingdit garieties ranged from
26.4 (Egremont Russet) to 73.9 (Jonagoragy fresh weight (expressed as aglycone). Hyperin
was the major component in all varieties apart from EgremonteRas&l Jonagored where
guercetin predominated and the cider apples where avicularin predednifratall the dessert
and cooking varieties the great majority of the flavonols waserdrated in the peel rather than
the flesh. These values ranged from 63.0% (Egremont Russet) to 97.18ayGraith). In the
case of cider apples only 9.9 to 12.7% of the flavonols was found in ttee with the rest
remaining in the pomace. The flavonol content of the juice was 4.3, 3.2g/0resh weight
and that of the pomace 112.9, 87.0, 10@dlg fresh weight for Dabinett, Michelin and
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Yarlington Mill respectively. The general conclusion thatha tase of juicing the majority of
the flavonols are retained in the pomace indicates that the posnpotentially a rich source of

flavonols.

A study was conducted in Canada to assess the polyphenolic compos#eleadéd advanced
apple breeding genotypes for cider processing, in comparison ®uked in commercial cider
production. The highest polyphenol content was found in McIintosh Summerland ateh Sipar
peel and flesh respectively) and the lowest in SICA16R5A15 (ih petl and flesh).
Procyanidins were the major class of phenolic for all genotyfuesed in both the peel (40.0%)
and the flesh (53.4%). The total procyanidins ranged from 119 (McInto8SBPt¢SJC658)g/g
fresh weight in the flesh and 452.2 (SJICA16R5A15) to 920.3 (Gaglg) fresh weight in the
peel. Epicatechin and procyanidin B2 were the predominant procyafodimd in both the flesh
and the peel in all genotypes (Khanizaéeal., 2008).

The major cider apple cultivars grown in France (Avrolles, Bed@rmerrien, Dous Moden, and
Petit Jaune) were analyzed for their polyphenol profile (comej@Eces) with variety being the
most important variability factor (Guyet al., 2003). In all apple varieties procyanidins were
the main phenolic compounds with values from 49% (Dous Md&en) to 86% (Ayrolles
varieties also showed significant levels of caffeoylquinic aod @)-epicatechin (Guyadt al.,
2003).

According to a number of studies the phenolic profile of cidesmilar to that of the apples
used to make them. The following question, however, is whether the gheoaipounds
contained in cider are absorbed by humans so that cider can contiilibeedietary intake of
phenolics. A study was conducted in the UK to examine the uptake ohpalgis from a cider
when consumed at normal dietary levels (DuPemntl, 2002). Blood analysis showed that
phloretin was not found in plasma, but 21 + 5% of the dose was exardtesl urine. Also, no
guercetin was detected in both the plasma and urine when takdnayp @oses. In terms of
flavonols monomers, (+)-catechin and (-)-epicatechin were not detecfgasma or urine and
caffeic acid was found only in plasma. Therefore, the authors catchat polyphenols from
alcoholic apple cider are absorbed by humans, phloretin is exdretdte urine and that

guercetin at low levels is methylated in humans.
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Another study was conducted by Mamdsal (2007b) to address the issue of whether high
phenolic content of cider apples is transferred to ciders. Fopuhngose 23 commercial bottled
English ciders were analyzed. Seventeen phenolic compounds werdiegiantd the authors
identified four groups of compounds: flavan-3-ols, hydroxycinnamates, flasvoaold
dihydrochalcones with the hydroxycinnamates being the major gromosh of the ciders. The
total phenolic content of the ciders ranged from 44 to 1559 mg/L. Tdws gariation in terms of
their phenolic profile, and the analysis of ciders made from aesinagriety, showed the
importance of choosing a variety rich in phenolics in order to prodyaeernolic-rich cider;
ciders and cider apples have similar phenolic profiles exceptcitiats have less flavonol
glycosides and also the presence of free caffeic acid, p-couawgicquercetin and phloretin.
Comparing two single variety ciders (cider 5 produced from Cox syghel cider 4 from
Somerset Redstreak apples) it was found that cider 5 had a pbweolic content (44 mg/L)
compared to cider 4 (1559 mg/L), which showed that the final pheootitent of the cider
could be influenced by the choice of apples. The authors concludedhib@ding an apple
variety with high phenolic content might help to produce phenolic-ndarovith potentially
increased health benefits (Marsal., 2007b).

Apart from the choice of apple, another factor than may significaffiéct the phenolic content
of the cider is the making process. Quercetin glycosides, fon@gaare mainly found in the
peel; however, Markst al. (2007b) in their study found a minor contribution of these
compounds to the final product. The authors therefore suggested thagttieeds used currently
for the production of cider do not efficiently extract phenolics ftbm peel, and proposed that
changes in the cider-making process could potentially producenah firoduct richer in
phenolics. A study was also conducted in France to evaluate tbeaf@coholic fermentation
on the phenolic content of five cider apple varieties (sweet: DoaéelGgné; acid: Petit Jaune,
Guillevic; bitter-sweet: Dous Moen; bitter: Kermerrien). Tlmtial content of phenol
compounds in the apple juice ranged from 188.4 to 2776.2 m@aus Moen and Kermerrien
had the highest phenol content, while Petit Jaune and Guillevic had tb&t.|&\@rmentation had
no effect on the total content of phenol compounds in Douce Coét Ligné,JBete and
Guillevic, but it reduced the values in Dous Moen and Kermerriebdynd 313 mg &
respectively. The values of caffeic acid and catechin wereaffiscted during the fermentation

process, while all the other phenol classes did not show any muadiiicen Kermerrien the
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caffeic acid content increased from 6.6 to 41.8 rifguhd in Dous Moen the catechin increased
from 24.7 to 37.4 mg t(Nogueiraetal., 2008).

Finally, in terms of factors affecting the phenolics of cideea bnd Beech (1978) found that
trees fro traditional orchards were capable of producing frdit thigher phenolic levels which
might be explained by the lower levels of nitrogen fertilizgpplied compared to the modern

intensive systems.

Another question is whether cider phenolics survive pasteurisation.idérs m the study by
Markset al (2007b) were bottled, therefore pasteurised, which implies that predolgurvive
the process of pasteurisation. However, the fact that pasteamigattiders takes place at°60
for 50 minutes (Duffy and Shaffner, 2001) suggest that this could rassdime phenolics being
lost. Al-Turki et al (2008) recently analysed the phenolic contents and antioxidant capactitie
fresh juice from a range of cultivars and species and concludedthsit pasteurisation had no

effect on polyphenolic content it did significantly reduce antioxidant agtivit
Development of new varieties and available genetic resources

Development of new varieties will require the identificationrafts and the genetic controls of
key characteristics. The last rounds of breeding work from LorndoAsResearch Station (as
described by Copas, 2010) focused on developing varieties withesarto address a largely
logistical problem of the glut of mid-season apples due to the indediamce upon mid-season
varieties caused by the under-performance of many of the laleagarly varieties. The work

aimed to combine earliness, fruit size and good tree habit frodetsert varieties James Grieve
and Worcester Pearmain, with the classical cider producimg & Michelin and Dabinett.

Twenty-nine selections offering a range of bittersweet, rblteep and sharp varieties were

selected from this program and are being used in ongoing tests.

Traits from the wider apple genetic resources offer opportartitieglevelop other new varieties
in the future, in order to address the challenges highlighted inretiew. This approach is
discussed further in Part 3. Here we note that the availableapgé resources are as follows.
Alongside a collection of approximately 2,000 culinary and dessa#ties, the National Fruit
Collection at Brogdale holds a selection of 97 cider specifiet@s (many of which were

supplied from the collection at Long Ashton Research Station). Hres#etailed in Appendix 3
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along with some information on flowering time and picking season, whiute from April 18
- May 24" and August - November respectively. Further descriptions of thaseties are

available within the NFC database (www.nationalfruitcollection.orgaikvell as in a variety of

published works, including Copas, 2001). Further collections of cider varietithe UK include
local varieties held by the Gloucestershire Orchard Group

(http://www.gloucestershireorchardgroup.org)ukdnd a collection of approximately 400

varieties relating to cider making at Tidnor Wood Orchard whicludteca mixture of classical
cider varieties and some multipurpose varieties used as ‘samet'sharp’ varieties for cider
production. Merwiret al. (2008) summarized the current situation of cider in France, Spain, the
UK and USA. The authors describe a collection of 1,000 cultivafdRé) France (highlighting
350 with published descriptions and about 70 ‘elite’ cultivars that viremre tecommended for
cider production in France); the authors also list a further 20 Astwider apples which
represent the main varieties grown in Spain; and they list gasmpiepositories within Spain
containing 1,200 local and international accessions, many of which bdere used in cider
production. A review of the USDA genetic resources indicatessthagral hundred accessions
are held in the collections in Geneva, NY although the cider \emiegtmongst these are
suggested to largely consist of English, French and Spanish ailtimaterms of the wider
species diversity, individual examplesMélus species are held within many botanical gardens,
no accessions dflalus pumilaare held within the UK Millenium Seed Bank, Kew at the time of
writing, although within the USDA collections approximately 570 asices ofMalus sieversii
(synonymous tdalus pumila- see above for taxonomic discussion) are held within eithen sci

or seed collections and wider resources are held around the centre of origin.
1.5.3 New techniquesfor apple breeding

There has been much recent progress in understanding and exploitggntme sequence of
apple. It has a large, heterozygous genome (Jatsdn 2010), approximately 1,000 Mb in size
(Hanetal., 2007). Much of the genomic data for apple is available in the Genotabd3a for
Rosaceae_(http://www.rosaceae.prg/website funded by the USDA Speciality Crops Research

Initiative. Among the many resources at this site is theéBers Toolbox” which will provide
access to phenotype and genotype data for rosaceous crops includingf &pb&ng developed
using funds provided by the USDA NIFA SCRI funded "tfGDR" project DBSNIFA SCRI
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"RosBREED" project and Washington Tree Fruit Research Conunis3iree Fruit Breeders
Online Toolbox" project. At the current time, the toolbox provides actesstandardized
phenotype data (see Figure 6 for criterion “appearance”) collected in 204®4fapple cultivars
from the RosBREED Apple Crop Reference Set.

- G D R Genome Database
@ for Rosaceae
|

Home ‘ General Info ‘ Species | Projects | Maps | Breeders Toolbox I Search I Tools I Community Calendar ‘ Contact |

Search

Login

Appearance Covariate Flavar Pesis Production Texture
Phenotype Definition
BITTERPIT bitterpit presense
BLUSTRICOL Type of rad color
CALYXO degree of opening of fruit calyx,average of 5 fruit
CORED core opening around seeds in eguatorial slice
CRACK cracking of fruit
DIAM Diameter of fruit at widest point (inches)
GREASE tackiness or greasiness of skin
GRNDCOL Color of skin before/under blush/stripe
INTEROWN internal browning not due to bruises
MOLDYCORE moldy core
OVRCOL Colar
PERCOVRCOL % red/overcaolor color of skin
PERCRUSS Amount of russet

RUSSET LOCATION |ocation of russeting on apple skin

RUSSLOCL presence/absence of stem cavity russet
RUSSLOCZ presence/absence of shoulder russet
RUSSLOCS presence/absence of body basin/caly= russet
RUSSLOCE presence/absence of lenticel russet

SCALD fruit scald

SHAPE General shape Cornell Extension scale Blanpied and Silsby
SHRIVEL shriveling of fruit skin

STARCHRXN Cornell Starch Index for Ripeness

SUNBURM presence of sunburn

WATERCORE water core

WEIGHT mass in grams

Funded by the 2009 USDA NIFA Specialty Crop Research Initiative Program

Fig. 6: Example of phenotypic data available for selected cultivars at
http://www.rosaceae.org/breeders_toolbox/desc_ghipao
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The cultivars can be browsed; searched by name, traits, pareatagthe data downloaded as
an input file for pedimap (Appendix 4) or as an excel file inenad long format. Such data are

being utilized in many breeding programmes around the world.

Apple has an extended juvenile stage, which may last for 4-8 gedoager (Trankneet al,
2010). Even though there are traits (e.g. resistance to apple scab and poiletery which can
be tested on young apple trees, many (e.qg. fruit firmness, flavourlif)elan be tested only on
the fruit (Trankneet al, 2010), or involve flowering and must therefore be evaluated on mature
trees. These are all constraints that make conventional breetingeaetic analysis of apples
difficult. However, the use of marker-assisted breeding (MABJ marker-assisted selection
(MAS) can potentially reduce these problems. MAB has been defintideasse of markers to
assist in one or more operations of breeding programmes, sucheas geection, family size
planning, parentage verification, seedling selection, performanveduation of advanced
selections, and cultivar commercialization’; while MAS is ‘Uee of markers for selection in
breeding-both of parents and seedlings, but usually referring dhirgge (Peace and Norelli,
2009). In addition, map-based approaches can be used to identify and cloakagmlergenes
of commercial interest (Han and Korban, 2010).

Marker-assisted seedling selection is in use for scab and powdlelsw resistance in apples
(Kellerhalset al., 2004). Markers for th®; gene fromM. floribunda 821 have been found and
theV; gene has been introduced into susceptible cultivars to provideeststamce (Barbiest

al., 2003). A number of other scab resistance genes are known and thede iheVh2 Vh4,

Vm, Va, Vbj, Vb, Vd, andVr2 genes (Patocchat al, 2009). Even though these genes have been
known for a long time (Williams and Kuc, 1969), Patocehal (2009) state that only a few
cultivars have been released, ‘Murray’ and ‘Rouville’ with Yfra gene, ‘Regia’ with th&/h4

and ‘Durello di Forli’ with theVd gene. Markers have also been developed for these other
resistance genes. Cheng et al. (1998) refers tdrthgene for resistance to race 5 of séakand

Vi genes from the Russian seedling R12740-7A have been identified ahkérsnarere
developed (Hemmagt al, 2002). There are also markers for resistance to powdery mildew
(Dunemanret al, 1999; Phillipset al, 2000). The latter authors developed molecular markers

linked to mildew resistance gen$w and PI-d derived from the ‘White Angel’ and ‘D12’
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Malus selections respectively and identified several fragnidely to be linked toPl-w and
Pl-d.

In terms of insect pests, the genes involved in the resistanplarms to aphids have been
identified and characterised in very few plant species. Experneotk has been undertaken to
identify the genes involved in resistance or susceptibility aggiasosy apple aphid (Qubbs
al., 2005). The method employed here for gene expression analysis WASATRLP (CDNA-
Amplified Fragment Length Polymorphism). For the purposes of the studysceptible
(‘Topaz’) and a resistant cultivar (‘Florina’) were used anddhgenes responsible for the
resistance of the apple trees against the rosy apple aphidideetdied; information which
could be used for the development of markers in a MAS breeding pragfrapple cultivars
resistant to aphids. Buet al. (2008) reported molecular markers for three major resistance gene
to woolly apple aphid (WAA). In their study, Bes$ al. identified genetic markers linked to the
Erl andEr3 genes and these were evaluated for their potential use in MA8lémtion of apple
cultivars resistant to WAA. This work has been extended in a subgqouidication (Bust al.,
2010).

Quantitative trait locus mapping of resistance in apple to codiioilp and an apple leaf miner
has been carried out by Storedial. (2009) on 160 apple genotypes in Switzerland. Although
no significant QTL was identified for resistance to the leaf miner, onelpp@ssie was found for
the codling moth, linked to fruit number, which the authors suggest mdyatacbreeding

resistant cultivars with good cropping traits.

A study was conducted to identify quantitative trait loci (QTar time of initial vegetative
budbreak (van Dylet al, 2010). Genetic maps were constructed from tyorésses using one
low chilling (‘fAnna’) and two higher chilling (‘Golden Delicious’ arfharpe’s Early’) cultivars
as male and female parents respectively. The maps were thiefousiee identification of QTL
for time of initial vegetative budbreak, a characteristicteeldao dormancy. One single QTL was
identified on linkage group (LG) 9, which explained up to 40.1 and 44.6% qfhtbmeotypic
variation in the F1 progenies derived from the cross between ‘Amta’'Golden Delicious’ and
‘Anna’ and ‘Sharpe’s Early’ respectively. Lawseh al. (1995) and Connegt al (1998) also
used molecular-marker analysis to estimate quantitative tnditsh influence juvenile tree

growth and development in apples (i.e. timing of vegetative and reproductive bud flush).
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The MAS system could also be used in a columnar-type apple bregedgrgm as developed by
Moriya et al (2009). Such breeding programmes for columnar-type seedling=dstaiiapan at
the National Institute of Fruit Tree Science (NIFTS) in 1987. Calmtype seedlings have the
advantage of being labour saving because they require minimal pamdnigaining, since they
are characterized by compact growth habit. The columnar grcatit in apples was found in
‘Wijcik’, which is a bud mutant of McIntosh (Fisher, 1970). However,dose the poor fruit
qguality of ‘Wijcik’ was an issue for growers and consumers, bmsedessed ‘Wijcik’ with
known apple cultivars of good fruit quality (e.g. ‘Fuji’) (Moriye al, 2009). According to
Lapins (1976) the columnar character was mainly determined I§atlgene. Several columnar-
type selections from Canada were used as donors @fatlgene instead of trying to improve the
fruit quality of ‘Wijcik’, a practice which would take many ysaA MAS system was developed
for columnar growth habit in apple breeding in Japan (Moetyal, 2009). Genetic linkage
maps of theCo genomic region were developed and DNA markers were identifieskfection
of seedlings with columnar growth habit. The results showed that CHO3d%1the most

suitable marker to select between columnar and non-columnar phenotypes usingsgtéis

Another example of the use of marker assisted selection asdapplae physiological trait is
associated with fruit ripening. In a project at the Washington appmeding programme
(WABP) two markers were identified for fruit with 90% leshyd¢ne production (Costet al,
2010). This is a desirable trait for apples because it will dblayipening process and protect
the fruit from bruising during transportation to the stores (K2@h0). In the final project report
(Peace, 2011) it is stated “The ethylene gegMldsACSland Md-ACO1lare the first markers to
be validated and converted into routine genetic tests for the WABIB. year, by spending
$10,000 on genetic screening, marker-assisted seedling selection pravidestimated net
savings of $62,000 in present and future costs for the WABP.” Theioagpto integration of

markers into a breeding programme is given in Figure 7.
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The 8-stage MAB Pipeline Md-MYB1 gene

for skin blush

DNA
Information

Routine
Breeding
Operations

2ZMBAc locus
for aroma

;8
Md-Exp7 gene
for firmness

Malocus for Ethylenegenes
texture & flavor  for storability

Fig. 7: Current status of translating reported DNA infotima into routine applications in the Washingtorplep
breeding program. The breeding “outlet” from st&iyénvolves DNA-informed crossing decisions, whileet
breeding outlet from stage 8 is for seedling s@eatPeace, 2011)

Several other related studies have been undertaken on fruit qualitgx&ample, a detailed
description of QTLs linked to fruit texture traits is provided ineeent thesis (McKay, 2010)
based on analysis of the popular US variety Honeycrisp and a @tathyle et al, 2011) has
identified ana-L-arabinofuranosidase gene associated with mealiness in. &ppse recently,
Dunemannret al (2011) studied single nucleotide polymorphisms (SNPs) in a candidate ge
alcohol acetate transferase (AAT) involved in the last stegsiaf biosynthesis that determines
the production of ethyl esters, the most important volatilie compoundppie.arhey used
association analyses and found highly significant associations ofitdithdual SNPs and
distinct haplotypes with the content of four acetate esters, ingudxyl acetate, butyl acetate
and 2-methyl-butyl acetate. A related study found a probabligoredhip between the activity of
the enzyme MACXEL, a carboxylesterase that is expressed dwingipening, and flavour

esters (Souleyret al, 2011).

MAS is also being used to define genetically biennial bearinth Wie long-term aim of
breeding dessert apple cultivars less susceptible to the proBlgton(et al, 2011; Guiltonet

al., in press). A further element of work on molecular markerscaased out by East Malling
Research within Defra project HH3604STF which focused on the afgweht of a molecular
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map for top fruit rootstocks with an extension of markers to cowar ¢raits although due to
low variation within the material studied for phenolic content, nrarkeere pursued for the

columnar habit donated from Wijcik Mcintosh.
Single gene markers and strategies for breeding for pest/disease resistance

Although at least eight genes for resistance to apple scab teeishajority of the commercial
scab resistant cultivars owe their resistance td/tflgene fromMalus floribunda821 (Crosbyet
al., 1992). However, since this resistance was overcome in Northespee(Rrariset al, 2004),
breeders have started searching for alternative resistanoesaarincorporate in their breeding
programmes. Apparent scab resistance has often been due toRsitygle’ genes, to which the
corresponding virulence can rapidly become common once the variggleased. Recently,
research has been undertaken on ‘pyramided’ resistance, wkerendiresistance genes are
combined. However, sinéé. inaequalisis a fully sexual organism even rare combinations of
virulence are likely to be generated rapidly unless many rdiffeR-genes, all with rare
corresponding virulence, are simultaneously incorporated. Tkesrysunlikely to be practical
for cider varieties, and the longer term aim must be to breed matygesistance, avoiding

known R-genes.

The two main genes that have been used in breeding apple resiststoicksoto WAA areerl

and Er2 derived from ‘Northern Spy and ‘Robusta 5’ respectivdty3 from ‘Aotea 1’ is
referred to as a relatively new major WAA resistanceegéiowever, all thre&r resistances
have been overcome (Sen Gupta and Miles, 19Z6mmins and Aldwinckle, 1983;
Sandanayakat al, 2005). Again, these single-gene resistances were not durable andsMAS
important for the identification of alternative sources ofstesice or pyramided resistance in
order to achieve durable resistance to WAA (Bual, 2008).

In most cases of ‘resistance’ breeding the aim is oversbde resistance and resistances against
powdery mildew Podosphaerdeucotrichg and fireblight are also incorporated (Kellerhats

al., 2009). For example, a breeding program was undertaken in Belgiuhefdevelopment of
high quality commercial apple varieties resistant to scab, powdédgw andNectria canker
(Lefrancget al, 2004). The breeding program was using old apple cultivars and larsdasce

parents (e.g. an old English cider apple ‘Brown’s Apple’ and thévaultMosanceli’) with low
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disease susceptibility and high quality characteristics. The nesistant varieties that were
expected to be bred, however, will probably incorporate R-gene resistad will be subject to

breakdown, as happened with varieties incorporating the residtariGaiérin, 2007).
Haploid breeding

One important technique with potential in breeding of many cropghesisolation and
exploitation of haploid and doubled haploid plants (Dunwell, 2010). Such doubled hagpi®ids
completely homozygous and can be used directly in QTL mapping prnogrgmr as the
potential parents in the production of l¥ybrids. Although there have been several attempts to
generate haploids in apple either from spontaneously produced abrembgjos or from
anther/ovule culture, they have not yet been integrated into kogke breeding projects
(Germana, 2006; Hoefet al, 2008; Okadat al, 2009).

Transgenic techniques

There are also several opportunities in the area of apple hyeesiimg transgenic approaches
(Gessler and Patocchi, 2007). Genetic transformation technologfirstaapplied to the apple
cultivar Greensleeves (Jamesal., 1996). The transformation methods used currently rely on
the use ofAgrobacteriummediated transformation systems (Yonggieal, 2011) and some of
these use selectable marker genes.

There are certain potential limitations of the transgenic teolggolThe use of marker genes, in
particular those encoding antibiotic resistance, in crop plantsamedrsome concerns about
their possible horizontal transfer to other bacteria (Flaatedll, 1992; Fuch®t al, 1993). For
transgenic crop plants to gain public acceptance, the use of suclkerngarkes should be
discouraged, and this is the policy of all relevant regulatoriioaities. It should be noted,
however, that antibiotic resistance genes are common in mostisoliligling those of orchards
(Donatoet al, 2010).

There are several ways to produce marker-free transgenic plaatsexample, Malnot al
(2010) developed a technique in apples that avoids a selectable gemkeby using constructs
that express a blue colour marker. However, this technique has ditsghs including low
transformation efficiency (12-25% depending on the cultivar), wli@5+30% of the efficiency
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with the use of kanamycin resistance as a marker. Although th&dasformation efficiency,
was not an insuperable problem with the two genotypes studied (M. 26 Exy)Ge could be

an issue with other cultivars such as Golden Delicious, Pink Ladymaya which are more
difficult to transform (Schaast al, 1995; Sriskandarajah and Goodwin, 1998; Haatkal,
2000).

Fig. 8: Anthocyanin accumulation at different stages gilapegeneration. a and b: calli on explants t@mséd
with the MYB10 gene construct 4-8 weeks after tiamsation. c: shoot-like structure forming on alas)
approximately 12 weeks after transformation. dereggated shoots on explants on a Petri dish, 1&«etks after
transformation and e: a regenerated plantlet opggation medium, 20 weeks after transformationngfi¢ortstee
etal, 2011)

A similar recent development exploited the use of a mutaneaifehe transcription factor gene
MYB10 from apple that induces anthocyanin production throughout the plant. géhis,

including its upstream promoter, gene coding region and terminajoersee, was introduced
into apple (Figure 8) and shown that it could be used as a vegldetable marker for plant

transformation as an alternative to chemically selectable markehsask@namycin resistance.
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Disease and pest resistance

A review of the various transgenic apple programmes conductedheviaist 10-15 years shows
that most are associated with disease resistance. For exidrepkeet al. (2011) have recently
reviewed encouraging results from four years of field trialsaoious lines expressing the barley
hordothionin gene, which gives improved tolerance to apple scab. Inedrplagramme it was
shown that transgenic appl®ldlus x domesticacv. ‘Holsteiner Cox’) overexpressing theaf
Colour (Lc) gene from maizeZea maysexhibit strongly increased production of anthocyanins
and Xavan-3-ols (catechins, proanthocyanidins). In tests, this mateosatkd higher resistance
against fireblight (caused by the bacteriiamvinia amylovora and against scab (caused by the
fungus Venturia inaequalis (Flachowskyet al, 2010b). An assessment of the possible non-
target impact of scab resistant material was conducted bieMeigal (2010) who tested the
volatile emissions from transgenic and control material during tiresgmsure and showed no
significant differences.

Borejsza-Wysockat al. (2010) described results from transgenic apple trees that expresse
attacin E, an antimicrobial protein from the métiialophora cecropiaand field resistance to

fireblight without any adverse effect on fruit quality (Figure 9).
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TGx-158 Galaxy

Fig. 9: Fruits and tree from transgenic lines (TGx158 &@x178) and control (‘Galaxy') (Borejsza-Wysoekal.,
2010)

Preliminary details of a project to address novel approacheséctiresistance are given in a
recent thesis (Magalhaes, 2011).

Abiotic stress tolerance

The C-repeat binding factor (CBF/DREB) transcriptional activgees are able to induce the
expression of a suite of genes associated with increased aaiant®. In a recent study a full-
length cDNA of a peach CBF gene, designated PpCBF1, was is@atécconstitutively
expressed in apple using an enhanced 35S promoter (Wisnietwaki 2011). Unexpectedly,
this constitutive overexpression resulted in strong sensitivity to dieytength. Growth

cessation and leaf senescence were induced in transgenic lineedexpoSD and optimal

62



growth temperatures of 25 over a 4-week period. Following 1-4 weeks of SD arf€ 2fees
were returned to LD and 25 in the greenhouse. Control (untransformed) plants continued to
grow while transgenic lines receiving two or more weeksf&nained dormant and began to
drop leaves. Constitutive overexpression also resulted in ©4nérease in freezing tolerance

in both the non-acclimated and acclimated states, respectively, @mwéh untransformed
M.26 trees. The authors claim that this is the first instandectmstitutive overexpression of a
CBF gene has resulted in SD-induction of dormancy and to their knoavteddirst time apple
has been shown to strongly respond to short daylength as a result of the insertion géadrans

Among the chloroplast proteins that have been linked to stress tolenatiatisease resistance
are the fibrillins, with FIBRILLIN4 (FIB4) found to be asso@&dtwith the photosystem Il light-
harvesting complex, thylakoids, and plastoglobules. It has been stemgntly that down-
regulation of theib4 gene in apple led to plants with greater sensitivity to hight kgd other
photooxidative stress and confirmed the significance of this pratebmoad stress sensitivity
(Singhet al,, 2010).

Vacuolar H+-translocating inorganic pyrophosphatase (VHP, EC 3.6.1.4) islectrogenic
proton pump, which is related to growth as well as abiotic stobmsnhce in plants. In a recent
study, a VHP gene MdVHP1l was isolated from apple (Demgal, 2011). MdVHP1
overexpression enhanced tolerance to salt, PEG-mimic drought, coldadnd tnansgenic apple
calluses; this response was related to an increased accumuatimoline and decreased
malondialdehyde content compared with control calluses. These residete that MAVHPL1 is
an important regulator for plant tolerance to abiotic strasg@sodulating internal stores of ions
and solutes. Such evidence may have value is designing futusgerac approaches to improve

tolerance to abiotic stress (es).
Plant phenotype

Intensive work is in progress to shorten the juvenile stage and ctmréime of flowering by
altering the expression of floral genes in apple. Flachoveskgl (2007, 2011) for example
showed that over-expression of the gene BpMADS4 from silver bBetula pendulaRoth.)

shortened the juvenile stage and induced flowering in apple in vitro. &ttempt to remove the

juvenile stage of apple, Flachowsky al (2010a) transferred tHeEAFY gene ofArabidopsis
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into the genome of an apple cultivar. This over-expression, however, resulted inrti@aptaygs
with a columnar phenotype. In another study the flowering of appleisgedias promoted by
ectopic expression of therabidopsis thaliandT genes using the Apple Latent Spherical Virus
vector (ALSV). The apple seedlings flowered two months afemmination and the next-

generation seeds were produced within seven months (Yamepahi2011).

Another series of studies have examined the effect of expregeimgs fromAgrobacterium
rhizogenedhat affect adventitious rooting. Such an approach may have vatoedifying the
performance of root stocks. A recent publication reported resoitsd field trial on threeolB
transgenic dwarfing apple rootstocks of M26 and M9 together with norgémaiescontrols
grafted with five non-transgenic scion cultivars (Figure 1@d¢&aet al, 2010). The study was
designed to investigate the effects of transgenic rootstock on non-transgamicusiivars under
natural conditions as well as to evaluate the potential value o tiserolB gene to modify
difficult-to-root rootstocks of fruit trees. It was concluded thatralB transgenic rootstocks
significantly reduced vegetative growth including tree heiglgamdiess of scion cultivar,
compared with the non-transgenic rootstocks.

Fig. 10: Overview of the field trial in Alnarp, Sweden, ditahed in 2001. The trees consist of transgenic
rootstocks grafted with non-transgenic cultivamn@ka, 2009)
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In an additional series of tests, the fruit quality was analjaethe cultivars Elise, Elstar and
Jonagold grafted on omelB transgenic clone of rootstock M26 and two transgenic clones of M9
with therolB gene, namedolB1 androlB2, as well as non-transgenic M26 and M9 as controls
(Muneer, 2010). Quality parameters analyzed include fruit sizet wWeight, fruit colour,
firmness, acidity (TA), total soluble solids (TSS) and ratio 86Tto TA, vitamin C and total
phenols. Among the findings were that Elise on M26 and Mam) had a greater size than
those on transgenic and non-transgenic M9. The amount of acidity of Jooaghld6 (olB)

was significantly higher as compared to M26. M2&I) had higher TSS in Elise than non-
transgenic M26, M9 and transgenic M®IB1). The fruit firmness was significantly higher in
M9 and M9 (olB2) both in the case of Elise and Elstar than non-transgenic M26,n6l9 a
transgenic M9OrpIB1).

Fruit quality

Dandekaret al. (2004) and Hrazdinat al. (2003) produced transgenic apples in which ethylene
production was modified by suppression of the activity of 1-aminocyclopreabaaeboxylic

acid (ACC) oxidase (ACO) or ACC synthase (ACS); thesestmeduced firmer fruit with
improved shelf-life. It was also shown that anti-sense suppressid@©fresulted in fruit with

an ethylene production sufficiently low to be able to assess migenithe absence of ethylene
(Johnstoret al, 2009). The storage characteristics of such fruit and the inciddérsm=ald are
described in Pesist al (2009). There have also been efforts to use transgenic techniques t
reduce the allergenicity of apple by silencing of the mdjergen Maldl1 (Gilissert al, 2005;
Krathet al, 2009; Schenkt al, 2011).

Field trials

The major source of information on field trials of transgenic chople USA is the Information

System for Biotechnology available at http://www.isb.vt.edu/data.adps shows a total of 64

applications for transgenic apple from 1991 to the present day.f@atae most recent 10 are
given in Table 3 which shows most the trials involve trees witlnaed browning, modified
ethylene production or altered sorbitol levels. There is onedfiahaterial with altered cold
tolerance. Similar data for the European Union are givenhteTawhich shows a much smaller

number of trials.
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Table 3: Summary of recent US field trial applications fansgenic apple (fromttp://www.isb.vt.edu/data.aspx

NUMBER INSTITUTION ACRE TRAIT

11-188-102r Univ. California/Davis 3.5 Reduced ethylene/decreased sorbitol
11-056-102r CBI 1 Reduced polyphenol oxidase
11-067-105r Cornell Univ. 0.5 Reduced polyphenol oxidase
10-189-116r CBI 1 Reduced polyphenol oxidase
10-146-104n Cornell Univ. 1 Decreased sorbitol

10-078-102r USDA/ARS 0.5 Increased and decreased cold tolerance
10-070-103n USDA/ARS 0.05 Increased and decreased cold tolerance
09-139-102n Cornell Univ. 1 Decreased sorbitol

08-235-102r Univ. California/Davis 3.5 Reduced ethylene, altered sorbitol
08-128-105n Cornell Univ. 1 Decreased sorbitol
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Table 4: Most recent applications for field trials of trgesic apples in the European Union (from
http://gmoinfo.jrc.ec.europa.eu/gmp_browse.aspx

NUMBER COUNTRY DATE ORGANISATION  TRAIT

B/NL/10/05 Netherlands 30/03/2011 DLO Scab resistant cisgenic

B/SE/09/12183 Sweden 28/01/2010 Dept Plant Effects of transgenic apple
Breeding rootstocks M26 and M9 on
Biotechnology, growth characteristics of 5
Alnarp apple cultivars in

comparison with the non-
transgenic rootstocks

B/NL/04/02 Netherlands 24/02/2005 PRI Evaluation of non-
flowering trees with
increased resistance to
fungi

B/DE/03/140  Germany 02/09/2003 Fed Centre for  Research on Cult Plants
Breeding Research characteristics and their
stability in GM trees

Commercialisation
Probably the most commercially advanced transgenic projeqiple @ that underway at the

Canadian company Okanagan Specialty Fruits (http://www.okspenigisyfom). Their “Non-

browning Apple” project involves the down-regulation of polyphenol oxidase thgmenz
responsible for browning when the cut surface of an apple is exposed In their words:-
Traditional processors will find non-browning apple juice and sauce cagordukiced in a
manner that allows for the production of apple juices that retaiy wiathe individual taste and
color characteristics of each apple variety”. To date they haxadaped non-browning versions
of many popular varieties (Gala, Fuji, Golden, Granny, etc.). Thage undergone 5 years of
field testing, the fruit has been tested and no non-target resposseeda identified. The
company is now producing the data sets required so that it camedradth deregulating these
varieties through the USDA and the FDA.

An associated area of research is that concerning the productamsgehic and/or intragenic
varieties, as an alternative to “transgenic” methods. Thesnaltive approach is led principally

by the group in Wageningen who have produced several apples litrsasfer of gene(s) from
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either sexually compatiblgalus species (cisgenic) or from within the same species of ctdtva
apple (intragenic) (Figure 11). The most recent results on the pimdwitscab resistant lines
are reported in Joslet al (2011) and Vanblaeret al (2011). One of the main proposed
advantages of such material is that it will prove to be morepaable to the consumer (Schenk
et al, 2011) and in this context the US authorities are considering reducirggtiiatory burden
on these varieties (Reardon, 2011; Waltz, 2011). Specifically, in Maedi, the U.S.
Environmental Protection Agency (EPA) opened a request for commenasdraft rule that
would exempt cisgenic organisms from the requirement to be esgistvith the EPA before
being field-tested or marketed. The comment period closed on the 15khafdrit is predicted

that such a rule change will be approved.

0=

Cisgenes

Cisgenics. Genetic modification of a recipient
plant with a gene from a sexually compatible
species.

Transgenes

Transgenics. Genetic modification of a recipi-
ent plant with one or more genes from a sexually
incompatible plant or other organism.

-@

Traditional breeding. Conventional cross-
breeding.

Fig. 11: Definitions of key terms (from Reardon, 2011)
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Conclusions

There is increasing evidence suggesting global climate change is taking place. Increasas in m
air temperature as a result of the increased atmospherigoGfxentration are projected for the
coming decades with significant effects on biological processes sunbudscient chilling, as
well as adverse effects on pollination. The exact pattern of temperahange will vary
according to geographic location. The breeding of new cultivars adapted to future
environmental conditions is therefore essential. Low chill adaptation, Hengt/altered
flowering period, reduced biennial bearing, parthenocarpy, fruit phenolic contentmaddied
growth habit are all traits which could be explored through a cider apple brggatiogramme.

As with much of the literature the focus of current work is @selt apples but in these aspects
much of the technology is transferrable. There are also opportunities aeailatbugh the
production of transgenic plants but the exploitation of these is curremtiyeti by public

concerns.
1.6 Principal disease and pest problems; existing and potential methodsfor control

The comments on biodiversity in Section 1.2 emphasise that manaigehpests and diseases
must be a management process, not a reactive application of teicigheques. Integrated Pest
Management (IPM) is therefore crucial, but complex. A numbeadwuisory packages for dessert
and culinary apples are available and may have application inidbe sector, though their

management cost is high for a crop where inputs are traditionally low.

The main pests and diseases in cider orchards are simitarst® ih dessert and culinary apples,
but the emphasis of management differs because the damagensbligs, harvest techniques
and drivers of orchard structure differ. The principal fungal disea$econcern are scab,
mildew, canker, replant disease, Phytophthora and brown rot; perhaps &€oatiter diseases
cause problems in some apple production systems in some partswafrttheFire blight is the
only current bacterial disease needing consideration, particblachuse its host range can lead
to unexpected interactions in the quest for high-biodiversity growistgims. Mycoplasmas are
not of current UK concern. Animal pests (excluding pigeons and squienesapple sawfly,
aphid species — mainly rosy apple aphid, codling moth and other tortrix moths, spidesindite

wide range of other potentially damaging species. A number of compt@otios available for
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use in IPM systems affect several categories of pestse Bne notable interactions among pests
and diseases; in particular, insect damage, primarily by applly, is the main entry route for
Monilinia brown rot, which can have a very large impact on the usable yieldef archards
(Berrie and Copas, 2001).

There are two aspects to managing orchards for sustainable soofpfruit and ecosystem
services in the presence of pests and diseases. First, th@estyr and diseases which currently
require modification of growing systems in order to minimise limieate spraying with
synthetic pesticides, such as sawfly and scab. Second, theneesl &0 prepare for small, even
rare, populations currently causing at most minor nuisances beconaijog problems by ill-
judged changes to the growing system or the effects of €iote@inge. To some extent this can
be done by comparison with other parts of the world, but the pestasmdcthese are not
necessarily at equilibrium, and in any case evolution proceedahyrapimost pest species and it
must be assumed that problems will arise and fade over time. A sustairsibia bgs to include
an element of active management, monitoring and research asltigyhinderlying the system

changes.

The pest/disease community is dynamic, however, with establisleal mpests becoming
important due to management practices (e.g. fruit tree red gpitieiPanonychus ulmwith
introduction of broad spectrum insecticides in 1950s which killed itdapwes), new ones
becoming established (e.g. fireblightwinia amylovorafirst recorded in UK 1957, rapidly
spreading since 1969 and now endemic, Ringtophthora syringasince 1973). An example of
the latter, the spread of which in the UK may be helped idutuee by climate change is the
light brown apple mothEpiphyas postvittarjalLepidoptera: Tortricidae), and Australian native
that has become established in California and the UK. In the Wistfirst recorded breeding
in 1936 but only found in coastal Devon and Cornwall. Since the 1990s it had sapaly,
possibly with nursery stock, and can now be found in much of England, bat smainly in
milder urban areas. It has a very wide host range, including commeds such aBRumexand
Plantagq which will make control difficult (see Suckling and Brockerhoff, 2010).
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Scope for use of resistant varieties

At present scab resistant varieties account for a smallmagee of the market (Sansavatial.,
2004). A European survey by Keldestial. (2004) revealed that even countries like Switzerland
and Germany with increased ecological awareness and wellbgedeintegrated and organic
production have no more than 5-6% of the market with scab resistartteganehile in Italy
such varieties account for less than 1% (cited in Sansaviai., 2004). However, this low
uptake is partly due to market demands for specific qualitieble &ind culinary fruit which are
not yet available or appreciated in scab resistant varietie$erms of the appearance of fruit,
within cider production, fruit appearance is not so critical (andwuoass ‘brand loyalty’ to
varieties is greatly reduced), so it should be easier toaserthe proportion of trees with good

resistance.

Ascospores have a range of several km (e.g. Aylor, 1999), and ttent@tion downwind of
large sources (‘resting’ orchards, for example) can be slzdiaso the strategic use of resistant
varieties should be considered on a landscape scale. The geograpaitretion of cider apple
production means that there is potential for increasing the resistancefltheelapple population

as a whole within the growing region.

The use of GM to develop resistant varieties has been didcassevaluable tool to aid with the
general complexities of fruit breeding and could aid with the Bpeamplexities of pyramiding
resistance genes, however, currently GM crops are unaccetdatiganic growers and many
conventional growers in Europe. Commercial growers in Holland are, vieowactively
collaborating with GM researchers at Wageningen and the publiccanthercial acceptance of

cisgenic and intragenic crops is yet to be fully tested.
Sanitation measures - leaf litter management

The primary source of inoculum for apple scab is ascospores waectvinter in leaf litter. Leaf
litter management can also impact pests which overwinter imsgsbch as sawfly. Taking scab
specifically, any practice that could destroy or removerdib@aves would reduce the inoculum
and therefore scab incidence (Mac an tSebal., 2010). Two sanitation measures, shredding
the leaf litter and treating leaf litter with urea weraluated on ascospore dose and build-up of

apple scab in the north-eastern United States (Settn 2000). The results showed that an 80-
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90% reduction of the risk of scab can be achieved if all ofiedditter is shredded in November

or April. Also, treating leaf litter with urea in November evhapproximately 95% of the leaves
have fallen, or in April before bud break, reduced the ascospore numbé&i@ adnd 66%
respectively. The potential of urea-treated leaf littertifigr control of scab has been reported in
Kent, England by Burchill (1968) who found that treating Bramley&edling trees with a
postharvest, pre-leaf fall application of 5% urea reduced scab lesidrlsssom-spur leaves the
following spring by 59 and 46% respectively. Bassino and Blanc (19%86)reported that in
France, applying 5% urea to severely scabbed (>30% foliar €&dtd¢n Delicious and Starking
Delicious trees after harvest but before leaf fall reducetl Hva following spring (cited in
Sutton et al., 2000). Leaf shredding, urea (5%) and inoculation with fungal antagonists
(Microsphaeropsiochracea Athelia bombacina were studied in a Canadian apple orchard as
tools to manage apple scab. All four treatments significaatiyeed ascospore production with
urea being the most efficient (92.1% reduction in ascospore prodyctodioved by leaf
shredding (85.2%)Microsphaeropsi®chracea(84.8%) andAtheliabombacina80.6%). Also a
combination of shredded leaves treated with 5% urea, and shredded iezatesl with
Microsphaeropsisochracea was included in the study later and the greatest reduction in
ascospore production was achieved by the combined treatments; shreddicrgsphaeropsis
ochracea(93.9%) and shredding + urea (90.5%) (Vinastratl., 2004).

However, it might be difficult to shred enough leaves to have ancinipgeause of operational
difficulties depending on the topography of the orchard and autumneveathditions (Vincent
etal., 2004). Suttoret al. (2000) for example found that because of the limited offset ofale f
mower and spread of the tree canopy, 10-35% of the leaf litter sotulae shredded and the risk
of scab was only reduced by 50-65%. After shredding it is impoibargmove leaves from the
orchard; this requires additional machinery and could also be achbgvemmbining leaf
shredding with urea or fungal antagonists (MacHardy, 2004) to enhaaicedeomposition
(Carisse and Dewdney, 2002). Carissal. (2000) studied the influence of five potential fungal
antagonistsNlicrosphaeropsisp.,M. arundinis Ophiostomasp.,Diplodia sp., andl'richoderma
sp.) on ascospore production of scab in comparison with ureaAtralia bombacina a
recognized antagonist. All the fungi apart fr@phiostomasp. significantly reduced ascospore
production under orchard conditions and the four best treatmentsMiuen@sphaeropsissp.,

urea,A. bombacinaandTrichodermasp. with overall ascospore inhibition of 90.4, 87.7, 84.2 and
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83.7% respectively. The result of the study indicated khatosphaeropsissp. could reduce

overwintering inoculums by at least 75% and therefore help moirglte sprays early in the
season; however, for these findings to be used, they need to bategplic a commercial

orchard. To conclude, leaf shredding could be a valuable and promismgonent of a

sustainable apple orchard, but modification of the practice is relguikder to reduce scab risk
by more than 80% (Suttatal., 2000).

A two-year experiment was carried out in a commercial organticard in France to assess the
effect of leaf litter management on scab development. Leaémng from the alleys was
combined with ploughing in within the row. In both years, the method reduceduthecab
incidence by 82.5 and 54.6% respectively and the fruit scab sewsrity4.0 and 67.7%
respectively, demonstrating the benefit of a complete removdleoleaf litter in reducing leaf
and fruit scab development (Gonmetal., 2007).

Specific or low impact sprays: particle films, plant extracts and viruses otdys

Bostanian and Racette (2008) have studied the use of kaolin particle films igimgagwdhropod
pests of apple in Quebec, Canada. Kaolin is a white, nonabrasiveBostar{ian and Racette,
2008; Markéet al, 2008), which acts as a pest management tool through repelling, idigrupt
feeding and oviposition, decreasing longevity and increasing mgrtdlirthropod pests on
treated foliage (Bostanian and Racette, 2008). Initially, kaolinused in a hydrophobic form,
but later on in 2001 it was replaced by a hydrophilic formulation utigecommercial name
Surround WP (Markét al, 2008). Even though several studies demonstrate the potential of
kaolin particle films as a pest management tool for apple orchawglsUnruhet al, 2000), this
technology has the disadvantage that it is species specifite btudy by Bostanian and Racette
(2008) for example, kaolin was effective against European appleys@lwiplocampa testidunea
Klug), white apple leafhoppefyphlocyba pomaridcAtee), apple red bud_ggidea mendax
Reuter), pear plant buglLygocoris communisKnight), and the apple rust miteAdulus
schlechtendaliNalepa). However, it was not effective against apple magBbadoletis
pomonellaWalsh), codling mothGydia pomonelld..) and tarnished plant bugygus lineonaris
Palisot de Beauvois). Delate and Friedrich (2004) in contrast founckabah was effective
against codling moth in organic apple orchards in lowa. The sansethea case in the

Netherlands where the use of kaolin resulted in reduced codling mdtdroage (Market al.,
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2008). In the same study, there was an effect of kaolin on agplty snfestation on cultivar
James Grieve but not on Golden Delicious. In terms of the rosy appid infestation was
increased under the kaolin treatment and similarly the woollyeapphid infestation was
promoted. The advantages of kaolin are its very low mammaliagitio&nd the low risk for the
environment (Markét al, 2008). One problem associated with its use is the dust residoa left
the fruit; however, this is not a problem for processing fruit wtrexecosmetic appearance is not
important (Dufour, 2001).

An alternative method for apple scab control is the use of plarsticest This was first reported
by Gilliver (1947). Plant extracts from 1915 different specieseviested for their effect on
germination of conidia o¥enturiainaequalis 440 of the extracts tested had an inhibitory effect
with extracts of common ivyHederahelix L.) being the most effective. However, there is no
reason to suppose bioactive plant extracts will not have ecolaiieakffects in the same way
as single chemical species derived from or analogous to naturally occuanmpgends.

Vries etal. (2005) studied the effect @aleniaafricana (a low growing herb native to southern
Africa) extracts on apple scab and achieved significant cooitthle disease on leaves and fruit
in comparison with a water control, and similar or better controcamparison with a
commercial fungicide (0.15% Mancozeb). Since these extractsbinaae spectrum activity, the
scope for unexpected ecological side effects is considerbbl@roblem, of course, is that such
side effects are likely to appear only with widespread usainAdiversity of practice is

advantageous in minimising risk.

In another experiment in the Czech Republic, the extract frompl#mtQuassia amard.. was
tested for the control of the apple sawfljofplocampatestiduneaKlug) in organic apple
orchards (Psot&t al, 2010). The extract contained the oxygenated triterpenes quassin and
neoquassin and it was statistically significant in reducingrthitets infestation. Dosages of 3 or

4.5 kg of quassia wood chips/ha gave a reduction in fruitlets intesfabm 50-85% depending

on the year and location. Higher dosages or two successive speagsnot more efficient.
Despite the efficacy of the extract against the apple sawfly, the audemmmend the test of the
product in a bigger size orchard.
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Landoltet al, (1999) investigated the effect of essential oils of 27 plantepegainst codling
moth larvae, oil of lavendet&vandula officinalid..) was most effective in repelling larvae, and
oils of several other species also were effective. It isillesthat sprays of this nature may be
effective in preventing the codling moth neonate larvae from finding a suitgtke fauit to bore

into.

Another study was conducted to evaluate the effect of plant extwacthe germination of the
apple scab conidia (Maxirat al, 2005). The plant species tested wArenoracia rusticana
Daucus carotaUrtica dioica, Primula officinalis Juglas regia Cannabis sativaandEquisetum
arvense The results showed that the plant extracts had an inhibitoryt effe¢he conidia

germination.

In the US antibiotic sprays have been widely used against fineldig this is unacceptable in
the UK, where copper-containing compounds would be the only practical cdiespray. In

practice, fireblight has proved less of a problem than initiglrdd, provided infection is kept
out of any susceptible plants in hedges of or close to orchards. Nunstuoies of the use of
competitive bacteria or phage infection (Thomson, 2000; Vanneste, 2011) have been made.

Some of these alternative sprays have quite high environmentsletssivhere and should not
be regarded as sustainable. This is especially true for kbelause the application rates are

high and the quarrying and transport have considerable environmental impact (Pgck 2010

Alma et al (2001) described a technique to control codling moth under the namaet'@thd
kil (AK). This technique uses a formulation of sex pheromone Codfemn(0.16%) and
pesticide Permethrin (6%) with knock-down action by contact;apgdied in the form of drops
on trunks or woody branches of apple trees. The male population of thegcoudith is then
attracted by the pheromone and dies or is disoriented in the atterfipd the females and
therefore mating is disrupted. The authors of the study conductedyfaeeexperiments using
the AK technique in apple orchards in Italy which were consistenthair results with the
damage at harvest being lower than 1%, similar to the convemyiommahted orchards.
Pheromonal control of codling moth was also tested in Romania bytaact and Kill’
formulation made for experimental purposes (Soresail, 2010). The product contained the

codling moth pheromone (E, E-8, 10 dodecadien-1-ol) and the insecticidhegt Field trials
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showed that the ‘attract and kill’ method may be a good tool forah&at of codling moth in

IPM of fruit growing.

The use of granulosis virus against codling m8tiejnernemaematodes and mating disruption
or mating attractants coupled with granulosis virus (Caetsal, 2005) seem likely to provide
control if needed in cider orchards (Dapeet al, 2005) and are of intrinsically low
environmental impact. However, they are not necessarily sustitiaber-used. In particular,
the granulosis virus or nematodes should be regarded as a minor conmgidhenhanagement
toolkit in a sustainable system, or resistance is very liteelgievelop: it has already occurred
with granulosis virus in organic systems (Sauphanor, 2006). Microbiatotafiscussed by
Lacey and Shapiro-llan (2008), and they usefully discuss its rolecivam IPM. For codling
moth the granulosis virus CpGV is the most effective microbenagsj but exposed larvae live
long enough after infection to damage fruit, with larvae usualiygdgs early instars within the
skin of the fruit. In itself this would not be a problem with ciderduction, but the dmage could
increase levels of brown rot. In addition, virus must be reapplied évery weeks due to UV
degradation, and resistance to it identified in Germany and Fradhceuld be integrated with

other control measures to reduce possibility of resistance developing.

The pheromone/sterile based (Vreysgnal, 2010) systems of insect management discussed
above for codling moth could have potential for sawfly, but the rdseamsts are probably too
high for a minor pest. There has been preliminary work on the useldtiisgi to attack the
over-wintering stages of sawfly (Jaworska, 1979), and this couldobi Wollowing up in the

context of alternative alley management methods.

Mating disruption (MD) has been used on 77,000 ha of apples/pears in NcCAN3&;000 ha in
Europe, 19,000 ha in S. Africa, 28,000 ha rest of world, using codlemone, main compound of
codling moth sex pheromone, made synthetically. Integration of sgherghemicals into the

mix can improve attraction, and effect can be synergised by ptdatiles as well the main
limiting factor is density; mating disruption is hard to achidviné density is more than 1000
overwintering larvae per ha, but can be combined with insecticidedgrarus early in season
(Witzgall, et al., 2008).
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Augmenting and maintaining reservoirs of natural enemies

The importance of natural enemies is acknowledged in current converdigmial production

through the avoidance of insecticides which will kill predatoryemitthis has more or less
removed the need for active mite control which was a major isstleei 1960s and 1970s.
Specialist parasitoids and mycoparasites have the paradpxogeadrty of requiring a moderate
permanent presence of their host. For dessert apple productior, avieer cosmetic blemish is
important, this may make it impractical to aim at using unmeghagatural enemies to control
pests, but the somewhat relaxed quality criteria for cider production noayraéw options. The

open nature of orchards and the relatively small size of thersetwake development of
augmentative biocontrol (where control is achieved by releasaptive-bred natural enemies)

with insects intrinsically difficult because of dispersal, and thereforkalplio be economic.

The study of natural enemies is most advanced in the inséatt Numerous lines of passive
management have been suggested in the literature which are ibbenpeith enhanced

biodiversity and cheap to implement. Promising examples are fewdiseases. This is partly
because predation and disease are easier to study in arthropods filmvagi, but possibly also

because of intrinsic differences in ecology.

Codling moth has largely been discussed above. It has parasitoids|east af which is being
targeted as classical biocontrol agents; the larval ectopadasitaistrus ridibundus
(Gravenhorst), a natural enemy of codling moth was introduced frertd$A into South Africa
but little information is available related to its biology andlegy and this is a knowledge gap
for the design of an efficient strategy (Devodtioal, 2010). The parasitoid is believed to be a
strict specialist, in which case the low populations of codling mppagkent in cider orchards may
already contribute to maintaining a population of parasitoids whidliseés the population.
However, there is some evidence that other parasitoids may bysiigpre generalist, in which
case, as with rosy apple aphid, greater biodiversity in and aroundocaterds would lead to
better control. However, the plant-host specificity shown by almbgiarasitoids suggests that

biodiversity in itself is not helpful: specific plant hosts are needed.

For rosy apple aphid, probably the most important pest of cider apglef rowan $orbus
aucuparig and elder $ambucusigra), a minor but profitable fruit juice/flower crop in hedging
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has been shown to reduce aphid infestation by increasing populatigoredaitory syrphids
(Diptera: Syrphidae) and coccinellids (Coleoptera: Coccinelli(Bebosiaet al., 2005a, b). In
the Belgian study by Bribosiet al (2005a) a system involving. aucupariavas developed to
provide in-field production of parasitoids of the rosy apple aphid in appleards. This was
achieved by artificially providingDysaphis sorbiKaltenbach, an aphid that constitutes an
alternative host of the parasitic waSphedrus persica€roggatt, which attacks the rosy apple
aphid. The provision of the alternative hosts was achieved by plaotwanrtrees$. aucuparia
L.) artificially infested withD. sorbi eggs in the orchard. This technique suggests a possibility
for E. percicaeto serve as a reservoir of biocontrol agents against rosy ajpipie infestations.
Common elder$. nigral.) was also tested for the control of the rosy apple aphith¢8a et

al., 2005b). Elder shrubs host the aphAjhis sambucL., which can maintain aphidophagous
syrphids; the plants were therefore artificially infestedhwAphis sambuciand planted as
bordering hedgerow in order to serve as a reservoir for syrphigshi@s are generally flower-
visiting insects which require pollen for egg maturation. Whendédstethe pollen source they
were visiting, it was found that even though there were otlevefing species around, the
pollen excreted by the syrphids was coming flommiumpurpureumL. and apple. The results
indicate that the use of common elder to promote aphidophagous syrphpjserorchards is a
promising tool for the control of the rosy apple aphid and it does not eegailen or nectar

from other producing plants apart from the apple trees.

Exclusion of ants by banding the trunks of trees has been shown to redycapple aphid
populations in several studies (Stewart-Joeteal, 2008; Birdet al, 2004); this is consistent
with other studies in natural systems. Conversely, use of kaolan ldanket (albeit passive)
insecticide has increased aphid populations by reducing predatiohd(aal, 2008). The
presence oPlantagoin the alley cover appears to have no effect on rosy apple aphidaaimend
though as an evergreen it might be expected to harbour a population ofpbathaad its
predators and parasitoids throughout the year, which might be beheficdlamaging. Other
aphids are also known to be regulated by natural enemies, and inumektases of ladybirds
have reportedly given success (Wydsal, 1999); they are unlikely to be economic in cider

orchards.

78



Venturia inaequalisscab, has to compete with decomposing micro-organisms on fallen teaves
complete the life cycle and release ascospores after therwirtiatural enemies therefore
include saprophytes such &haetomiumglobosum (an antibiotic producer, unsuitable for
augmentation but very effective) aAtheliabombacinaproposed for commercialisation but not
yet available), as well as earthworms. The prospects for brotamt leaf or fruit surfaces are
poor: coverage would need to be excellent unless the organismedeareelatively potent

antifungal, in which case there would be serious safety issues.

Powdery mildew is subject to attack by a range of mycopardsitgi, including the specialist
Ampelomyceguisqualis These are largely ineffective on susceptible varieties oéafigl two

reasons. First, they increase in population behind the pathogen, rathbaWray a reservoir on
other hosts which could check the pathogen early; host specifiddtyquisqualiss in any case
barely studied. Second, overwintering inoculum is substantial inndezessible inter-scale
spaces of the buds. However, pruning and use of reasonably resigtardrs means that

damage by powdery mildew should not be significant in apple orchards.

Apple replant disease is unlikely to be a serious issue in exteasihard systems because of
their long life-times, but can be a significant problem in intensygtems in which trees may be
replaced more frequently to alter the design or introduce newiearatrootstocks. The causal
organisms are unknown, but the problem occurs in many rosaceous plahés dreen observed
in Prunusspp. in natural forests of unmanaged species composition in thenddSt¢Packer
and Clay 2004). It is discussed here because the gradual buildup sufpyettpment of a
mildly pathogenic community around the roots of established appke &ed incorporation of
organisms antagonistic to the pathogenic components of these comsigritie only plausible
method of control. Between crops, at present, only complete solasteroffer an option to
manage the problem. These have environmental disadvantages anthéeswi vulnerable to
invasion by other undesirable organisms. Research is needed, buké&yumlihave a rapid
payoff because of the slowly developing and vague nature of the prolidmwelopments in
metagenomics offer hope that tools to solve the problem may now be available.
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1.7 Integrated Pest M anagement
Explicit, IT based advisory systems

The use of fungicide and insecticide has led to a huge invesimesgearch on good timing in
an attempt to minimise use. This is assimilated to grottecsigh the experience of advisors
and summary printed advice, which is not well-adapted to real-¢inamges in conditions.
There has therefore been substantial investment also in algdrébed advisory systems linked

to understanding of the dynamics of pests or diseases in relation to weather.
ADEM™

The current unsupervised practice in the UK for the control of S¢abtiriainaequaliy and
powdery mildew Podosphaerdeucotrichg consists of routine application of fungicides at 7-14
day intervals from bud burst to harvest. Such routine programmes gote,seffective and
reliable; however, public concern about the possible side effectsstitides on human health
and the environment has led to the exploration of control methods whichtheapetential to
optimize the use of fungicides. One example is the disease-gaystems, ADEN" (Apple
Diseases East Malling), a system developed by Horticultugsedtch International, East
Malling, UK. It is a PC-based system using epidemiologicadi@s that relate the development
of the diseases to biotic and abiotic factors and warns aiskef scab, mildewNectria fruit

rot and canker Nectria galligeng and fireblight Erwinia amylovorg so that fungicide
applications can be curative rather than routine (Berrie and Xu, 2083)renecessary sprays
can be avoided (Berrie, 1997). In the case of scab, ADEfitds when infection is likely to
occur for conidia and ascospores and then forecasts leaf sanicei taking into consideration
the inoculum quantity in the orchard and the cultivar susceptibility,ewthié mildew model
forecasts the likelihood of epidemic of secondary mildew (Bet@8y). In trials carried out at
East Malling comparing control of scab under sprays routinely apfsben bud burst to harvest
at 10-day intervals) or at key-stages (bud burst, petal fallaeaoording to warnings by ADEM
at other times), it was found that satisfactory control wageaed by the key-stage system with
a 20% reduction in fungicide. This resulted in £50/ha savings on fungicidessaime was the

case with mildew, where control using ADEM warnings was acHievigh 50% reduction in
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fungicide use. This indicates the potential of disease-warnistgrag (ADEM™) for scab and

mildew control with reduced fungicide use (Berrie, 1997).

In recent years electronic warning equipment has gained aocepfor the control of apple scab
even though they have long been in use, since Mills and Laplante (195¥ddife weather
conditions that favour the apple scab. Such systems use weathetodtae fungicide
applications only when they are needed (Beresford, 2010). In fielsl imid.ithuania the scab
warning system METOSD was used to detect infection periods and forecast diseassityte
(light, moderate, severe). This integrated disease manageméein sy&as compared with
conventional disease management (nine sprays per season) anddumehshat it gave a 30-
44% reduction in spray applications depending on the cultivar suscegtibdivever, the two
strategies did not differ in terms of scab incidence (Raudonis, 2@&#)ough similar systems
have been available in the UK, they have not been popular with igromteo prefer to modulate
the advice based on integrating weather data with knowledge offéation status of the crop

and the growth stage, as allowed by ADEM, for example.
SOPRA

In Swiss apple orchards a phenology-model named SOPRA has bedrpdevas a forecasting
tool for insect pests (rosy apple aphid, apple sawfly, smail@rtértrix). The aim of the model
is to optimize the timing of monitoring, management and control mesasline model used the
relationships between temperature and developmental stage, whiehestablished under
controlled conditions. In order to validate the model its predictiong wempared with field
observations from several years in terms of hatching of waggs for the rosy apple aphid, and
adult emergence for the apple sawfly and the smaller fouitix. The results are widely
disseminated in Switzerland and southern Germany as a tool with whsynchronise sprays
with peak vulnerabilities in the pest populations. (Gsdf al., 2002; Samietz, 2008).
Development work would be needed to test the models and the value othesmginder UK

conditions, now or in the future.
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Conclusions

The main pests and diseases in cider orchards are similar to thosesserdend culinary
apples. But the emphasis on management differs because drivers of orcheraretdiffer. In
addition to chemical pest and disease control other alternative approachesxadsoTdese
include the use of ground cover plants, resistant varieties, sanitationureeafeaf litter
management), use of particle films, plant extracts, viruses, bactesarvoirs of natural
enemies, and IT based advisory systamsh asADEM™ and SOPRA. However, for this
potential to be realized the most likely options need to be testeteotes] orcharding systems
(intensive or extensive). This is discussed further in Part 2 and 3.
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Part 2: Towardsgreater sustainability in UK cider orcharding

In this section we provide a synthesis of the preceding informatiaking specific suggestions

for the future and identifying potential problems.
21Thetree

The future cider apple tree will need to be adapted to the preditifedlimate. Climate
predictions vary but the generally agreed features are: midstter winters, warmer, drier
summers with associated more extreme weather events (fopkxaeat waves, heavy rainfall
and high winds, increased likelihood of water deficits in all buintbitest areas and most water
retentive soils). Summer rainfall in the South East could deerby 30% by 2050. By 2020 and
2050, the mean temperature across the UK is likely to rise uppbyo 1.5 and 2.5C
respectively. By 2080, the mean temperature across the UK iy tikaise by 2 and 3°&

according to the low and high emissions scenario respectivelyMse.apis.ac.uk The impact

of climate change on orchard crops is likely to be significantrags planted now might be
expected to remain in the ground for twenty years or more, by wimehthe orchard will be
experiencing significantly different climatic conditions tharpegsent. Predicted climate change
is likely to result in reduced winter chilling, altered flowsyi periods (and activities of
pollinators), high temperature and drought stress at times daerfguit swelling period (June -

September), and altered harvest dates.

New varieties will be needed which are better adapted to falumates. It would be logical to

anticipate reduced chilling by characterizing the chilling remments of existing cider apple
varieties, for instance, accessions at the National Frule€@ioins (Appendix 3) and elsewhere
and by generating new selections from crosses between lowvahgities and valued cider
varieties. Varieties adapted to warmer climates, suchnasorthern Spain, could also be
collected and tested for future UK production, although such varmiigdd be more susceptible
to frost damage. It may also be possible to devise cultural ga&tno extend the period over
which chilling is accumulated (e.g. by encouraging eartiaf fall), and thereby satisfy the chill
requirement of existing cultivars during milder winters; but tlssoaiated effects of such

treatments would need to be carefully studied.
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Future orchards are likely to rely more heavily on drip irrgatinan at present and similarly,
resilience to increased soil water deficit should also beextgat criterion in future breeding
programmes, especially for rootstocks. Such drip systems will reedok tcombined with

advanced soil moisture monitoring systems to enable irrigation tatepeith a high degree of
efficiency. However, these systems could also be combinedesditpation so that nutrients can
be supplied as the season progresses and in relation to cugp(sstanitored, for example, using
SPAD’ meters). These systems are already being used in the th¢ isoft fruit industry, but

have yet to be used widely in top fruit crops, although this approadiekasused commercially

on intensive orchards in Canada (see Neigteal, 1995).

To avoid potentially negative effects on fruit set of pollinator disruption, thdesélity of some
cider apple varieties could be exploited. This character needtettee studied and understood
— what are its causes and how consistent is it (e.g. yearaoh-Jée apetalous trait could also
be used in breeding to enhance parthenocarpy in a similar wéattaliscussed for dessert
apples, but possible negative effects on yield would need to be monitoreentGinderstanding
of the genetic basis behind parthenocarpic fruit development meanslegular breeding

approach to this character is potentially possible.

At the whole tree level a key problem trait for cider appdsiennial (or irregular) bearing. This
topic is being addressed at a genetic level in dessert agpleseviously discussed, but its
complexity means that progress will come through long-term investmethiydeta the inclusion

of cider accessions in these existing programmes. Alternativeoagms might be either
development of gibberellic acid-based treatments through carefathaged spray applications,

or development of economic systems in which irregular bearing is lessicriti

> The SPAD meter is a leaf meter (manufactured by Minoltaglwprovides an instantaneous assessment
of leaf chlorophyll and is commonly used to provide a non-destruasgessment of plant nitrogen
status as an alternative to leaf sampling and laboratory extracti@pecttophotometric analysis.
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2.2 The system
‘Intensive’: tree density of 400-600/ha

There is little doubt that, as with dessert apple orchards, ircrgasductivity can be achieved
through maximizing light interception through the adoption of more intensigh density
planting systems. Although there are few published data for ciddesapthese relatively
intensive modern ‘bush’ tree plantations come into cropping earlieasndherefore higher
yielding during the early life of the orchard. They are typyjcalanaged as central-leader trees
with spiral pruning to remove large branches; mature trees camBBe6m tall in rows 4.5m
apart. Light interception is likely to be better relative to noosely planted trees in wide rows,
but such data are lacking and physiological analysis is need#gfihe systems that maximize
light interception. It seems likely that further gains in produtgticould be achieved, and the

potential of Y-shaped plantings should be explored as discussed in Part 1.

Overall this approach is focused on optimizing yield through maxintizedproductivity. The
downside is greater sensitivity to pests and diseases and taticliexcursions and reduced
opportunities for increasing sustainability. The sustainability ageodéd nevertheless, be
addressed by minimizing waste (see below) and pesticide applicéitY-shaped planting was
employed there would be probable benefits to sward managemetud datveen-row shading.
A fully Y-shaped planting might prevent access to much conventional machinesgdmislized
low machinery could “brushthe apples off the trees. The system might also require zexp spr
methods of pest and weed control because conventional blast assisti@dstaddling sprayers
could not get in if the canopy was effectively clodgdcause the orchard area itself is focused
on crop production, a set-aside area next to (or surrounding) it ig tixdde the best way to
provide an environment conducive to beneficial insects. As discusse@ésh&dgwan and elder
have been found to reduce aphid infestation by increasing populations of natural predators.

‘Extensive’; tree density of 100-150/ha

Traditionally cider apple trees were widely planted as stals] and the orchard had a dual
function of livestock and cider production. This approach is still in wdeere grants for
establishment and the wider context of the farm make it desir8hkainability against this

background involves management of sward composition and intercropping, withdddtbrel
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crop and beneficial insects and biodiversity in mind; and optimized gearent of waste
prunings (see below). Here, the vision is for a more extensive, logitgand low maintenance
orchard system, where a managed cover crop is grown that provilks @ad a habitat for
pollinating and beneficial insects. A number of potential cover cropgesgpeould have roles in
such a biologically rich growing system but it is clear thath a system would need careful
management to ensure the continuation of a diverse habitat whictd@sonot compete
significantly with the trees. Apple trees could be interplantet earlier-flowering nectar rich
tree species, in the way peach has been used in the US, toentreadbundance of beneficial
insects. Soll structure can be enhanced through the addition of comapdstsiochar which
could lead to more sustainable soil nutrition and enhanced biodiversithobpod predators

and beneficial fungi associated with the breakdown of organic matter in composts.

Under extensive orchard systems vegetated alleyways kel lio remain the preferred
management option based on sown grass or legume mixtures. The funthieseoélleyways is
diverse, serving to reduce soil erosion and pesticide run-off op gtadients, suppress weeds,
provide accessibility and reduced soil compaction, and supply pollen atadt ard refuge for
beneficial invertebrates. The choice of ground cover species wilhfheenced by climatic
conditions and edaphic factors such as pH. A range of specieslabbvand offer a variety of
opportunititesTrifolium fragiferumis tolerant of waterlogging, where@sfolium incarnatumis
drought tolerant and/elilotus albaintolerant of acid soils as &ledicago sativa Although
Trifolium repends not unduly sensitive to acid soils its optimal pH is betwe&nh\é. alba and

T. incarnatumare annual species that would necessitate re-seeding. Nessthedre would
have to be taken to ensure that adequate weed suppression was not cadpbgnescessive
competitiveness with the crop (the rationale for the adoption of heebstrips was to reduce
such competitive effects, particularly for soil moisture). Alswice of herbage grass for
inclusion in the legume mixture would be influenced by locatPimeum pratensevould be
appropriate for wetter soils in the west wherBastylis glomeratavould be more suited to the
drier eastern countiesestuca pratensiss less competitive thaholium perennebut is less
persistent.Festuca rubrahas attractiveness in that it is durable and yet not excBssive

competitive, albeit not particularly productive.
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Traditionally the orchard floor vegetation was grazed by livestbak,the reduced height of
modern cider apple varieties would preclude the use of cattle. imtlakLotus corniculatusas
a ground cover would not be advisable under such conditions because of theeqreke
glycosides affecting sheep oestrogens. Recent concerngdinggahe potential risk of
Escherichia colifrom faecal contamination of the harvested crop by sheep havssitats a
voluntary withholding period of 56 days prior to harvest. Whether sgespng remains a
viable option is dependent on the economics of sheep production. Irresmdctive, the
vegetated covers will need to be periodically mown and this could imapkcations for
maintenance of predatory arthropods. Removal of vegetation as conseraged €.g. hay or
silage would also have a bearing on the choice of grass orlggagsse mixture, but would be
dependent on alley width and access to machinery as would the pgssibilittercropping

combinable crops including wildflower mixtures, wildbird seed and game cover crops.

Alternatives to traditional grass alleys are various mat ifoggnperennials either for weed
suppression or as source of pollen and nectar for beneficial predatbrgpods. However,
annual species too have considerable merit as exemplifie@hlagelia tanacetifoliaand
Melilotus officinalis Similarly the presence of vegetation within the tree rowblegn shown to
be superior to either bare ground or mulches in terms of predzdcapid beetles. However,
species of erect habit such@sntaurea nigranay have greater value than prostrate species such
as Trifolium repens Annual members of the Asteraceae suchAaghemis cotulehave been
demonstrated to be effective attractants of beneficial arthropilds orchards, although the
cost of sowing wildflower mixtures is likely to be prohibitive wsdefeasible within agri-
environment scheme options. Likewise, the inclusion of other tree/slpedies either as
alternate rows or within row of differing canopy characteristmsld enhance both insectivorous

birds and beneficial arthropods as would the provision of shelter belts.

Ultimately, the choice of vegetation either within the tree mwthe grass alley will be
dependent on its primary purpose. This should be as a component of anadtegqaibach to
pest and disease management, to encourage beneficial predatacheve acceptable weed
suppression. Further research is required to identify which speeesptimal as nectar and
pollen sources for foraging insects (including pollinating species ascbees and beneficial

predators) in order that their populations are maintained outside pefipé@st activity; plant
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species which provide optimal refuge for ground dwelling invertebratedd also need to be
identified. Furthermore, the impact of timing and frequency of ddfoh on these populations
needs to be ascertained, as do the implications for pest dispeeammendations would need
to be tailored to individual parts of the country, particularlyhwigard to mitigation of the

effects of climate change.

There are also more subtle aspects which should be considereeixaimiple, it has been
discussed that larger trees from traditional orchards may prduduitewith lower nitrogen
content and higher polyphenolic levels. This effect can be attribatdtethigh nutrient status
(and consequent higher yields) of intensively cultivated treestewiaits cause, it may be
significant where polyphenolics are valued because of perceigalthtbenefits. Evidence
presented earlier showed that, under soil fertility conditions redjuice support high
productivity, such as those within intensive orchard systems, it fisuilifto manage sward
conditions that include legume species either alone or in combinatilbrgrass species, since
grass species tend to outcompete legumes unless managed witldbsrbi growth regulators.
In contrast, more extensive, low density growing systems magwchlow enough soil fertility
to enable legume ground cover mixtures to flourish; but careful maregeof such systems
would be required as available evidence suggests that legumsbsas clover, can adversely
compete with orchard trees. Nevertheless, an extensive lowylémsitnutrient status system
could be devised which enables fruit to be produced with higher healtlitbeagainst a
background of a biologically diverse groundcover system capable of fixitnggen and
supporting a diverse fauna. Such a system, with mature treeseotiglhy long life-time and
long time to full cropping, is necessarily slower to respondlitbatic and economic changes,
though it may be intrinsically more resilient because of theemitreserves and larger rooting

zone of the trees.

The two systems described above are shown in Figure 12.

88



A

%\\\ LA EEH R A RRNER RN \\\\\
rE XX ¥
o &y

. . ‘..

K\\\\\\\\\\g\\\\\\\

N

— //////// ,,///// '/////'/ l////// '////// ~ '/////
77 //?////////////// //////// ////////;///////

< ’////// 2 ’////// ’//////// z ’////// 7 ’////// 2777
/ A
/////// /////// //////// //////// /////// //////// s

7777777777727

DN\

Opportunities for greater sustainability Opportunities for greater sustainability
e Provision of a set-aside area with flowering plant e Planting of alleyways with grass/legume mixtures to
species to attract beneficial insects. attract beneficial insects.

Opportunities for greater sustainability

e Use of pruning waste and trash, and pomace, as sources of health-beneficial polyphenolics;
e Development of biochar facilities for apple prunings and trash;

e Control over regularity of bearing by reduction of biennial bearing;

e Management of pests and diseases using alternative to chemical control approaches.

Fig. 12: The intensive system (on the left) has tree-raipsi{brown), grass alleys (light green), and aaséde area
of flowering plants (dark green). The extensivetsys(on the right) has grass alleys (light greem) a set-aside
area of flowering plants (vertical hatching) if geal.
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‘Mixed farm’: smaller blocks of cider apple trees intercropped

This is essentially a whole farm approach and here sustaipabduld be addressed in the
broadest sense, including local livelihoods. Cider apple production fordlesigwould be a
relatively small contribution to revenue, and the production system wowubddive small to very
small individual plantings and minimal investment in highly spe@dliequipment unless very
cheap. Cider production itself would be either a local activitpare likely involve aggregation
of output from numbers of growers, either via a co-operative or Wjiregtthe cider producer.
The system would be seen as one which was part of a landscape ngrosmdployment,

biodiversity and food as joint goals.

This is a farming rather than a growing system, which could aakiéor modify its production
method from the intensive or the extensive systems. Such a sysggrninvolve single rows or
blocks of smaller trees which would integrate more easily mgilghbouring crops in stockless
systems or full size standards as in a silvi-pastoral mydBecause of the diversity of outputs
envisaged from a single economic unit, biennial bearing need natdeawhelming problem;
however, good pest and disease resistance would be important, arahdhresilience and
biodiversity demand the growth of several varieties on each holding.would be constrained
by the need for matching juice characters as well as gsmhsk resistance. Research could
involve wider phenotypic characterization of less widely used tiesiebetter understanding of
the regulation of pests and diseases at different scalespaneesonomic modeling of outputs.
Martin Wolfe’s experiences at his experimental farm in Skffolght be an informative start to

study of this model_(http://www.wakelyns.co)ulA major constraint to such idealized mixed

farming systems is their limited economic viability.
2.3 Pest and disease control within these systems

Minimal or zero agrochemical residues in the juice will remai priority; all integrated

management systems work better, the better the intrinsitaresesof the host. Also, the wider
the genetic basis of a crop, the less vulnerable it is, in aggreégahvasion by novel or newly
adapted pests or diseases. Therefore, regardless of growing,sysptoyment and acceptability
testing of a range of varieties should be a priority, and rdséaiicc socio-economic/purchasing

factors which might mitigate what will otherwise be the dritee a narrow range of
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physiologically superior varieties should be planned. Developmenis and product tracking,

such as RF tags, should make handling and aggregation of diverse product easier.

The extensive and mixed models provide smaller areas of faveurabitat, greater emigration
of pests and more scope for natural enemy regulation (Prokopy, 19®Hxebharder to apply
specific biocontrols in, for the same reasons. Insofar as thplogmore open canopies, they
will also be less prone to most fungal diseases because of reloueedity and more rapid
drying as well as greater distance from less intense inocsitwmrces. Some specific problems
caused by pests with a wide host range, such as fireblight, covanse in a more diverse
system. However, as discussed, deployment of competitive biocbattgria or phage would
be possible in such a system, were fireblight to emerge awre sarious problem in apple as

climate changes phenology.

The intensive model allows optimized spray and litter managemstansy and deployment of
intricate biological/chemical controls such as Exosept or medesase. Cider production by itself
is unlikely to justify the development of novel pest or disease neamagf systems:
realistically, development and commercialization of a bioldgicatrol for a single target host
requires a high value industry or world-wide applicability. Uselaf-impact chemicals
(potassium bicarbonate, detergent solutions) is likely to be piondsreitie dessert apple
industry with translational research needed to modify systemshé requirements of cider
production. All systems need monitoring and response to developing problems bbwbnd
ensuring that short-term considerations do not lead to complete lospeoialists with
knowledge of perhaps obscure organisms or disorders — it is bytidefimpossible to say what

will become the major problems in a partially understood system.

2.4 Theproducts

The following areas offer opportunities for increased sustainability in affg@e production.
Prunings and trash

Quantitative data on the production of prunings (and leaf litter) h@efrom cider apples
(extensive and intensive) would help to decide the best use of psuamugtrash. Possibilities
include extraction of phenolics (it would be valuable to establisipoential market for such
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products) and biochar (where it would be valuable to establish howdiegy can be
accessed/developed; whether this would be done in situ or in a ¢aailigf). Whilst it may be
possible to generate energy from prunings and trash, the alteroftigng these wastes for
biochar production may be a more sustainable option for these rsaterighich the biochar
produced could be incorporated into orchard soils. Because of its longé&gsistence once
incorporated into soil, and its equivalent beneficial effects to @&sang soil organic matter
content, this may lead to more durable effects than achieved camadlyti by adding
composted wastes to soil to counter, for example, the negativésedfiethe use of herbicide

strips on soil organic matter content.
Pomace, juice and cider

These could be made maximally health-beneficial through retenfor addition of

wood/pomace-extracted) polyphenols. But data on commercial priorities aednee

Robotic technology

Great strides have been made in the fields of robotics which couéd dpplications in cider
orchards of the future. Such technologies could revolutionize the develbmih@lanting
systems that optimize light interception. The vision here wouldberthard systems which
establish quickly, come into bearing early, optimize light interception ahateealleyways. The
need for large alleyways to allow access for machinery couldibienized by the use of a new
generation of small, self-navigating, robotic machinery which @dalgely operate below
closed canopies, carrying out maintenance operations such as routicataopbf pesticides
from below rather than from the side or above. The technologgd appears to exist that
enables more intelligent machinery to use image analysis and ycdigbp reflectance to
determine the need for particular actions on a tree to tree Basbotic harvesting may offer
dramatic solutions in future intensive orchard systems, partigutadider orchards where fruit
handling is less of a priority. However, this may need to be guanied by a search for the best

tree architecture more suitable for mechanical harvesting.
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2.5 Resear ch into practice

To obtain the data to allow the above visions to be further assesbeeladized, small replicated
orchards need to be established where high quality researelqused to evaluate research
ideas. In addition, demonstration areas need to be established in v#aahcheresults can be
brought together with best current practice to create conceprdsctvhich can be viewed and
monitored regularly by the industry. This needs to be carried out where the mainyiadtigity

is taking place i.e. in the West Country, and may be best achieved through a parbetveben
industry and private farm advisory services. The latter have Hpertsse to manage
demonstration orchards and the commercial incentive to do this wetbanhéffectively since it
will support their advisory activities. This view of research practice is summarized in Figure
13.

Cemonstration
orchard

Research orchard

HE/FResearch

Consultancy : ©  Growers

o

Advisory services Industry

«

Fig. 13: Pipeline for research into practice
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Part 3: Conclusionsand proposalsfor implementation

» Two main options for cider orchards exist:

1) The focus of the first is intensification. The system requinesller trees, planted in
arrangements which allow maximum light interception, maintenandeharvesting
of the crop with minimum labour input. Possible opportunities for further
development include the use of small, self-navigating robotic maghiméich
would largely operate below closed canopies and carry out mainteagplications
(e.g. routine application of pesticides) and harvesting. The usecbhftschnology
requires a search for the best tree architecture for mechdraocaesting. Here,
ecosystem sustainability may be best addressed through adeetesa next to (or
surrounding) the orchard, and designed to maximize beneficial insects.

2) The second option involves a more extensive system where ecosystecessare
provided over the whole orchard. This is a low maintenance systerma wither crop
to provide pollen and a habitat for pollinating and beneficial insectstchopping
and grazing are options for this system.

» Trials need to be carried out in both systems for the bestl sseanposition (see Part 1
and 2 for further details on plant species).

» Climate change scenarios predict warmer, drier summersraimtr@ased likelihood of
water deficits. One element, key to the ability of apple vagei mitigate the effects of
climate change may be the development of rootstocks able to cdpealtered
availability of water. Current work at East Malling Reskais focussing on the
development of genomic tools for the pre-selection of water-uséeefficin rootstocks.
Reduced winter chilling is also predicted and therefore generaéngselections from
crosses between low chill varieties and valued cider veasigie logical criterion for
future breeding programmes.

» Self-pollination can be variable from year to year for reasortsatteanot understood.
Pollinizers are therefore always needed, even with vesietléch are considered self-
fertile. The pollination requirements of cider apple varietiesiieebe studied carefully
and systematically over several years in order to understaiaiersdity and how it is
controlled. In the long term its genetic basis should be establistiest. ®eas for careful
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and systematic study include reduction of biennial bearing and exthgoodyphenol
content of fruit.

In terms of the traits required for addressing the above chadlesigelimate change
mitigation as well as the possibilities of developing more intensystems it would be
an important step to further evaluate the available cider sajewithin the UK and
beyond with these specific questions in mind. This would allow both thé&fidation of
varieties able to help address the challenges in the interimatsad allow the
identification of varieties to include in any further breeding work.

A remaining question is whether cider phenolics survive pasteonsalhe fact that
pasteurisation in ciders takes place at high temperatureddog dime suggests that this
could result in some phenolics being lost. The conclusion of a retetyt was that
whilst pasteurisation had no effect on polyphenolic content it didfeignily reduce
antioxidant activity. This is, therefore, an area for potential furtherndsea

Future orchard systems need to be designed to require minimalcehémput for pest
and disease control. Alternatives to chemical control approachemf@gement of pests
and diseases exist, but for this potential to be realized thelikeldg options need to be
tested in selected orcharding systems (intensive or extensntehsive orcharding
allows optimized spray and litter management systems and dephbyof intricate
biological/chemical controls, while in extensive orcharding it mayhaeler to apply
specific biocontrols. A number of IPM packages for dessert and culaqgrles are
available and may have application in the cider sector, though themgament cost is
high for a crop where inputs are traditionally low.

Irrespective of the planting system (intensive or extensiveretare certain generic
approaches which offer opportunities for greater sustainabilitysel'melude the use of
pruning waste and trash, and pomace as sources of health-benefigidlepolics as
well as the development of biochar facilities for apple prunings and trash.

Focused research is needed to build on the opportunities identifiedrharany cases
the objective should be to adapt findings from other countries/environteetiis UK
situation. For example, further research is needed to identifghwbleant species are
optimal in terms of nectar and pollen source for foraging inséttsrder that their

populations are maintained outside periods of pest activity. Thisyegil to be tailored
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to individual parts of the country, particularly with regard to mit@aof the effects of
climate change. More strategic is the development @ragple breeding for the UK to
address fruit quality needs in trees able to grow productively uocokeditions of
predicted climate change. In addition, demonstration orchards needegididished in
which research results can be brought together with best curretitgifac monitoring
and viewing regularly be the industry. This should be carried outesthermain industry

activity is taking place i.e. in the West Country.

The main points from this section are summarized in Table 5.

Table 5: Conclusions and implementations

System

Topic/Problem Objective Intensive | Extensive
Planting Optimize light interception (Y-shaped &2 v x

Use of pruning waste and trash, and pomace asesafc v v
Training/Pruning health-beneficial polyphenolics

Development of biochar facilities for apple prursrand trash v v
Regularity of bearing Research on self-fertilitetonial bearing v v
Fruit harvest Mechanized (use of robotics) v x

) Area adjacent to orchard with beneficial insects v x

Pests and diseases _ .

Alternating alley strips x v
Alley grasses Research on best plant species facextt area and alley strips v v
Breeding with priority | Breed for reduced winter chill requirement, regliaaring, pest
to climate change and disease resistance, self-fertility, water-uieiency. Also v v
resilience for health beneficial polyphenolics
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Appendices
Appendix 1: The apple market.

The main countries producing apples worldwide in 2008 were China, USReyl Wroland and
Italy (DEFRA, 2010). In 2008/2009 there were 18,502 hectares of orcharahftne UK, 6,775
of which was planted with cider apples and perry pears, 4,935 hecithiedessert apples, and
3,806 hectares with culinary apples. The dessert apple sector is tamiiyaCox’s Orange
Pippin, which accounts for 42% of the total planted area of dessedsapyhile Bramley’'s
Seedling is the most important variety within the culinary sestopunting for 95% of the total
planted area of culinary apples. The value of home production of totardrfruit marketed in
the UK as estimated in 2008 was £149.2 million, with apples (desskmngry, cider) and perry
pears accounting for 89%; however, only 34% of the apples supplied inkhardJhome-
produced. In total, 118.4 thousand tonnes of dessert apples were produced knith2008,
with Cox apples accounting for 43% of them. Bramley apples accotmt&®% of the total
culinary apples produced in the UK in 2008 (DEFRA, 2010).
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Appendix 2: Self-compatibility loci for the cider accessions in the National FruiteCobn.

Accession name Allelel | Allde2 | Allde3 | Allele4
6 16 Skyrme_s Kernel 003 B11 2 3 0
6 17 Slack-ma-Girdle 005 C11 5

6 19 Sops_ in_Wine (B) 007 D11 3 20

6 21 Strawberry Norman 009 E11 2 23 49
6_23 Tan_Harvey 011 F11 9 40

6 25 Taunton Fair Maid 013 G11 3 8

6_29 unknown_(accessed_as_Hollow Core) 015 H11 14 0
6_32 Paignton Marigold 004 B12 5 23

1 11 Tardive Forestier 011 FO1 45 0

1 13 Broxwood Foxwhelp 013 GO1 9 19

1 15 Bulmers_Norman 015 HO1 19 49 0
1 17 Burrowhill_Early 004 B02 1 50

1 19 Court_Royal _006_C02 3 9 0
1 21 Red_Foxwhelp 008_D02 10 19

1 23 Reine_des Pommes 010 EO02 7 14

1 25 Sauvageon (INRA 184) 012 F02 5 2

1 27 Taylors 014 GO02 24 40

1 29 Tremletts Bitter 016 HO02 3 50

1 3 Belle Fille de la Manche 003 B01 1 14 0
1 5 Gross_Launette 005 CO1 7

1 7 Muscadet de Dieppe 007_DO01 9 35
1 9 Omont 009 EO1 3 20 0

2 11 Brown Thorn 011 FO3 5 14

2 13 Crimson_King_013_ GO03 50 0 0
2 15 Doux Normandie 015 HO3 5 23

2 17 Ellis_Bitter 002_A04 23 50

2 19 Frederick 004 B0O4 14 35

2_1 Backwell Red 003 BO03 7 20

2 21 Improved_Lambrook Pippin_006_CO04 2 5

2 23 Kingston Black (B) 008 D04 7 19

2 25 Major 010 EO04 3 4

2 27 Morgan_Sweet 012 F04 2 0 0
2 29 Nehou 014 GO04 1 49

2 31 Rougette Douce 016 _HO04 19 45

2 33 _Stembridge Jersey 003 BO05 3 36

2_35 Stoke Red 005 CO05 5 19

2 3 Black Dabinette 005 C03 3 9

2 5 Breakwells Seedling_007_D03 14 0
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Accession name

Allelel

Allele2

Allele3

Allele4

2 9 False (received_as Browns_Apple) 009 E03

1P

3 11 Cider_Ladys Finger 002_A06

24

3 14 Coat_Jersey 004 B06

3 15 Collington_Big_Bitters_ 006_C06

3 18 Dabinette 008 D06

3 19 Dunkerton Late 010 E06

3.1 Tom Putt (B)_007_DO05

3 21 EB52_012_F06

3 23 Fillbarrel_014 GO06

3 25 Frequin_Tardive _de la Sarthe 016 HO06

3 27 Genet_Moyle 003 BO07

3 29 Gros_Doux_Blanc 005 C07

51

3 31 Harry Masters Jersey 007 D07

3 33 Improved_Dove 009 EOQ7

3 35 Improved Redstreak 011 FO7

3 3 Ashton_Bitter 009 EO05

3 5 False (received_as_Balls_Bittersweet) 011 F05

3 7 EB54 013_GO5

3 9 Black Vallis 015 HO05

20

4 11 Porters_Perfection_008 D08

4 13 Reine_des_ Hatives 010 EO08

4 15 Severn_Bank (B) 012 F08

4 18 Somerset Redstreak 014 GO08

4 19 Stable Jersey 016 HO08

4 1 Le Bret 013 GO07

4 23 Sweet Coppin_003_B09

4 25 Tale Sweet 005 C09

4 27 Vagon_ Archer 007 D09

4 29 False (received_as_ White Jersey) 009 E09

4 31 Yarlington Mill 011 F09

4 33 Hangdown 013 G09

4 35 Hereford Broadleaf 015 H09

48

4 4 Maundy 015 HO7

20

4_5_Michelin_002_A08

45

4 7 Northwood 004 B08

4 9 Osier_006_CO08

5 10 Medaille dOr 010 E10

14

5 11 Stembridge Cluster 012 F10

24

5 13 Vilberie 014 G10

14

5 15 Hereford White 016 H10

50
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Accession name Allelel | Allde2 | Allde3 | Allele4
5 17 John Broad 003 B11l 1 40

5 1 Pethyre 002 _A10 28 31

5 20 Ashton_Brown Jersey 005 C11 1 20

5 21 Broadleaf Norman 007 D11 28 31

5 24 Captain_Broad (B) 009 E11 2 3 0
5 25 Crimson_Victoria 011 F11 7 9

5 27 Cummy Norman_013_G11 14 0

5_31 Dymock_Red_015 H11 2 51

5 33 Dufflin_004_B12 9 0

5 35 Four_Square 006 _C12 1 9 20
5 3 Brown_Snout 004 B10 7 45

5 5 Chisel Jersey 006 C10 3 22
5_7_Dove_008_D10 14 19

6_14 Royal Somerset 016 H12 5 50

6_3 Langworthy 008 D12 14 31

6 5 Pennard Bitter 010 E12 1 19

6_7 Pigs Snout 012 F12 1 7

6 9 Red Jersey 014 G12 19 24
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Appendix 3: National Fruit Collection cider accessions.

Cultivar Acc. No. 10 year Flowering mean Harvest date Fruit Description Prqpagatlpn
Name 10% OPEN | FULL FLOWER | 90% OVER material available
Raised by Mr G.T. Spinks, Long Ashton Reseafch
Station, Bristol in 1947. A seedling raised from|a
) Late Dabinett/Stoke Red cross. A precocious, midsegson
Ashton Bitter 1989-129 15-May 18-May 27-May September | flowering variety. Fruits are of medium size andnifi YES
Produces juice with low acidity and medium tannin.
Grown at the National Fruit and Cider Institute,ngo
Ashton, Bristol in 1903. Trees were also grown @ms
Ashton Brown Herefordshire orchards in the 1920s and 1930s.sTaee
Jersey 1992-107 | 6-May (6yr) 8- May (6yr) 15-May (6yr) ~ Nember | yery siow coming into cropping. Fruits are smalleioen YES
in size with a sweet, astringent, woolly texturdeisifi.
Produces a soft, full-bodied, medium bitterswedéci
An old popular cider apple named after Backwellage,
North Somerset, UK. Fruits are small-medium in sigze
Backwell Red 1999-053 30-Apr 02-May 12-May Late abatr Produces a vintage, acidic juice and a sharp, lighity, YES
thin cider.
: ; Originated in France. Widely grown in Normandy.
Belle Fille de Mid
la Manche 1999-041 10-May 12-May 20-May September | Produces a bittersweet cider. YES
Black Originated in the UK. Some trees grown in Somerset
Dabinett 1989-123 07-May 09-May 16-May November| produces a vintage juice and a bittersweet cider. YES
Black Vallis 1989-064 24-Apr 26-Apr 04-May M(l)c::t-olk_)itre Grown in Somerset. A sharp cider variety. YES
Originated at Perthyre Farm, Monmouth, Wales inlale
1800s. It was propagated by George Breakwell wko gl
. introduced the variety to Bulmers as a valuabldyear
Breakwell's | 1989.065 | 10May(9yn|  12May (9yr) | 21 May (9yf) September | fiPening cider variety. Trees are fairly vigorousthw YES
Seedling characteristic luxuriant, dark-green foliage. Fiisismall
to medium in size. A medium bittersweet variety
producing a thin, light, average cider.
Presumed to be of UK origin. A fairly heavy croppin
Broadleaf variety producing fruit of a sweet and slightlyteittaste.
1992-108 12 May (7yr, 14 May (7yr 24 May (7 ; YES
Norman y (7y") y (7yn y (ryh) Makes good cider.
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Cultivar
Name

Acc. No.

10 year Flowering mean

10% OPEN

FULL FLOWER

90% OVER

Harvest date

Fruit Description

Propagation
material available

Brown's Apple

1989-067

03-May

05-May

15-May

Late Octobg

Originated in Devon. It was discovered by Mr Hillcider
maker and nurseryman of Staverton, near TotnespiDgv
Known to have been in existence in the early 192f=es
are very vigourous and can therefore delay croppjng
erFruits are medium sized with white flesh which bfte
carries a red tinge especially in highly colouredits.
Produces a medium-sharp, fruity but rather thirercid

YES

Brown Snout

1989-068

21-May

24-May

30-May

Early-mid
November

Thought to have originated in Herefordshire, UK oiim
to have been in existence in the mid 1800s. Late
flowering. Moderately biennial. Fruits are small to
medium with firm flesh. Produces a bittersweet rage
mild to medium cider.

YES

Brown Thorn

1989-069

07-May

09-May

19-May

Novembe

Once widely grown under the name of ‘Argile Grise’i
the cider-producing areas of France. It was intced in
1884 to Herefordshire by the Woolhope Naturalisetd~
Club and subsequently renamed ‘Brown Thorn’. The
fruits are small to medium in size. The flesh, whic
browns very readily when cut, is juicy but woollycdahas
a sweet and slightly astringent flavour. Producesla
bittersweet high quality cider.

YES

Broxwood
Foxwhelp

1989-124

29-Apr

01-May

08-May

Septembe

Known to have been planted in the orchard of H.P.
Bulmer & Co. Ltd., in the 1920s. Thought to be arspf
Foxwhelp. The small fruits produce a medium bitiarp
cider and a full-bodied juice.

YES

Bulmer's
Norman

1989-070

02-May

04-May

11-May

Mid Octobe

Originally an unnamed variety imported from Normgnd|
France. It was developed by H.P. Bulmer & Co., Litd.
Hereford, England. Fruits are medium to large. Beced a
good yield but tends to be biennial. The flesh listev

r with a woolly texture and a sweet but astringesndhr.
Triploid. Trees are very vigorous and with a spiegd
habit and branch breakage can occur when the srop i
heavy. Susceptible to scab. Fruits produce arbitteet,

fast-fermenting medium cider.

YES
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Cultivar
Name

10 year Flowering mean

Acc. No.

10% OPEN

FULL FLOWER

90% OVER

Harvest date

Fruit Description

Propagation
material available

Captain Broad

1992-111

28-Apr

30-Apr

10-May

Septemb

Originated in Cornwall. Traditionally planted in {mn
and Cornwall and well suited to the growing coraiti in
the Tamar Valley. Fairly resistant to scab. A bivecet
variety.

YES

Chisel Jersey

1989-072

16-May

18-May

25-May

Novamb

An old cider variety known to have been widely gnow
around the Martock area of Somerset. The name is
thought to have derived from the term’ Jay-see’chtis
said to signify bitter or possibly ‘an apple witmase’. A
P precocious variety, cropping most years. Mediurediz
hard fruits ripen in November. The flesh is whiteolly,
dry, sweet and astringent. Trees are vigorous avgébmi-
upright habit. Fruits produce a bittersweet, vestyingent
juice and a full-bodied and good quality cider.

YES

Cider Lady's
Finger

1989-073

29-Apr

01-May

09-May

October

An old variety of unknown origin. Thought to have
originated in the south west area of the UK.

YES

Coat Jersey

1989-074

08-May

10-May

18-May

Early
November

Originated in Coat village, Martock, Somerset. Res
by the National Fruit Trials in 1989 from Long Asto
Research Station, Bristol. Trees are very vigoroAis.
bittersweet variety.

YES

Collington Big
Bitters

1989-120

10-May

15-May

20-May

Late Octobg

Originated in Herefordshire and known to have been
extensively planted in some West Midland orchafds.
dual purpose apple traditionally used both for cated
erfor cooking. It is also known as ‘The Mincemeat Agpp
Fruits are described as being soft and astringéht w
white, woolly flesh and a mild bittersweet fruitg@our.
Produces a mild bittersweet cider of moderate tyali

YES

Court Royal

1989-075

28-Apr

30-Apr

08-May

October

Origin unknown but once grown in Somerset, Eastdbe!
and Herefordshire. In the early 1900s it was used a
dessert variety. Fruits are slightly crisp and swée
triploid. Tree growth is vigorous producing a latgee.
Produces a sweet fast fermenting juice.

YES
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Cultivar
Name

Acc. No.

10 year Flowering mean

10% OPEN

FULL FLOWER

90% OVER

Harvest date

Fruit Description

Propagation
material available

Crimson King

1989-076

28-Apr

01-May

11-May

Mid
November

Originated in the UK in the late $&Century. Triploid.
The large fruits are sometimes used for cookingelsas
for cider production. Produces a vintage, acidicgwvith
no astringency and a light, fruity, good qualitgiem.

YES

Crimson
Victoria

1992-112

4 May (9yr)

6 May (9yr)

16 May (9yn]

Early
September

Identified as Crimson Victoria by Mr R.R. Williams,
Long Ashton Research Station from fruit obtainexfrfra
small private orchard at Shute, Axminster, Devon.
Received at Brogdale in 1992 from Mr G.R. Rowson,
Taunton, Somerset.

YES

Cummy
Norman

1992-113

6 May (6yr)

8 May (6yr)

17 May (6yr]

Late
September -
Early October

Origin unknown but thought to have been raised in
Cummy, Wales. Re-discovered by Bulmers. A medium)
bitter sweet variety.

YES

Dabinett

1989-077

11-May

14-May

21-May

Novembe

Thought to have originated in the Martock-Kingsbury
area of Somerset in the mid¥l@entury. Believed to
have been named after a Mr Dabinett. Possibly diiage
of Chisel Jersey. This variety crops regularly.ifsrbave
slightly crisp flesh with a sweet, astringent, sgdruity
flavour when ripe. Dabinett is weak grower prodagcin
small and spreading tree. A bittersweet variety tha
produces a soft, full-bodied, high quality cider.

YES

Doux
Normandie

1989-078

08-May

10-May

17-May

October

Originated in Normandy, France. A bittersweet \grie
Fruits produce a sweet, perfumed juice. Trees are
vigorous.

YES

Dove

1989-079

15-May

18-May

25-May

Early
November

Originated in Glastonbury, Somerset. Recorded 8918
but thought to be older than this. Dove producestage,
sweet and slightly astringent juice and a medium
bittersweet cider. Trees are of medium vigour. This
variety is now rarely planted as it is rather spsibée to

scab.

YES
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Cultivar Acc. No. 10 year Flowering mean Harvest date Fruit Description Pro_pagatl_on
Name 10% OPEN | FULL FLOWER | 90% OVER material available
Dufflin 1992-116 23-Apr 26-Apr 03-May An old Dewshire cider apple. YES
Discovered in the 1940’s in the orchard of Mr Dunée,
Dunkerton : ) ) ) Early Baltonsborough, Somerset.The fruits produce a sweet
Late 1989-080 30-Apr 02-May 11-May November | juice low in tannin which makes a light and fruitger. YES
Trees are of medium vigour.
A very old vintage cider variety originating fromyBock
: 8May (8 Late Village, Gloucestershire. A bittersweet varietpgucing
Dymock Red 1992-115 26 Apr (8yr 28 Apr (8yn) yr) September | a vintage juice and a well balanced, high quaiitiec YES
Trees are of medium vigour.
EB 52 1989-081 08-May 10-May 18-May NO
EB 54 1989-082 NO
An old variety thought to have originated on therfaf a
Mr Ellis of Newton St Cyres, South Devon. The large
Ellis Bitter 1989-083 09-May 11-May 20-May Mid Obtter | conical fruits have white, crisp, juicy sweet fleghich is YES
a little astringent. A medium bittersweet varietiyioh
produces a good quality cider.
Thought to have originated in Taunton, Somersest Fi
recorded in 1831. Described by Hogg in 1884 asgain
Fair Maid of Midseason - dessert apple, but not of first quality. Fruits &&ender,
Taunton 1992-136 24-Apr 27-Apr 05-May Late juicy, chewy flesh with a sharp and slightly asgent YES
flavour. The fruits are described as producing an
agreeable but rather characterless cider. Tredarges
tall and spreading and rather susceptible to scab.
- . . ¢
Fillbarrel 1989-084 28-Apr 30-Apr 10-May | Late Ocemb| Originated in Somerset, UK in the'1@entury. A YES

bittersweet cider variety. Trees are of medium wigo
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Cultivar
Name

10 year Flowering mean

Acc. No.

10% OPEN

FULL FLOWER

90% OVER

Harvest date

Fruit Description

Propagation

material available

Four Square

1992-117|

01-May

03-May

12-May

Earlyobet

Received by the National Fruit Collection, Brogdiale
1992 from Somerset.

YES

Frederick

1989-085

06-May

08-May

15-May

October

Originated in the Forest of Dean, Monmouthshirehin
19" Century. Slow to come into cropping and crops ten
to be rather irregular. The small to medium sizeds
have crisp, white, often tinged with red flesh watsharp
flavour but no astringency. Produces a ‘full shamity,
good to excellent quality’ cider. This variety is@
considered to be excellent for making apple jelly.

YES

Genet Moyle

1989-087

29-Apr

01-May

10-May

Late
September

An old cider variety of unknown origin. It is said have
been a popular cider variety in thé™Gentury. Fruits are
described as having tender, dry flesh with a svedightly
acid flavour. Good for baking and drying.

YES

Gros Doux
Blanc

1999-042

25-Apr

28-Apr

07-May

Received by the National Fruit Collection, Brogdiale
1990 from Long Ashton Research Station, Bristol.

YES

Gross
Launette

1989-088

17-Apr

19-Apr

29-Apr

Received by the National Fruit Trials, Brogdale 889
from Long Ashton Research Station, Bristol. Fraits
described as having firm flesh with a bitter andymed
flavour.

YES

Hangdown

1992-119

10-May

12-May

22-May

Late Octol

Believed to have originated in the Glastonbury afea
Somerset. Known in North Devon and Somerset wierg
eis also known as ‘Pocket Apple'. It is less poputatay
because of its very small fruits. Crops well anguterly.
Once highly recommended for cider making. Susciptik
to scab.

YES

Harry Masters
Jersey

1989-089

Early
November

Also known by the name ‘Port Wine'. Originated fret
early 1900s in Somerset where it is believed tehzeen
raised from seed by a Mr Masters, Yarlington MAll.
vintage, bittersweet cider apple which producesees,
medium tannin juice and makes a very high qualilgrc

with a soft astringency.

YES
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Cultivar Acc. No. 10year Flowering mean Harvest date Fruit Description Propagation
Name 10% OPEN | FULL FLOWER | 90% OVER material available
Hereford Received by Brogdale in 1992 from Showering Orchard
Broadleaf 1992-120 04-May 07-May 16-May near Castle Cary, Somerset. The fruits are destebe YES
having a sweet but slightly bitter taste. Makescyooler.
Hereford Received by the National Fruit Collection, Brogdiale
White 1991-019 Late Octobef 1991 from Mrs Deeley, Petworth, Sussex. Produces a| YES
dark coloured cider with a rich but slightly bitféavour.
mproved 1989-090 | 7 May (9yr) 10 May (9yr) 19 May (9yf)  Laletober Qafgefgggsthzungq%T%irt‘tae‘:gvs’ergr\‘lgtﬁg&f‘ Somerséhe YES
Improved Originated in the village of Lambrook, Somersetolight
Lambrook 1989-091 30-Apr 02-May 09-May Early Octoberto be a seedling of Lambrook Pippin. Produces d,mil YES
Pippin sharp cider/juice.
Improved The actual origin of this variety appears to benavin.
1989-092 Early October Known to have been in existence in the 1940s. ti&ibi YES
Redstreak .
sharp variety.
A synonym of cider variety Captain Broad. Origirthie
Cornwall. Traditionally planted in Devon and Cortiwa
John Broad 1992-011 29 Apr (8yr 2 May (8yr) 12 Mayr) and well suited to the growing conditions in theriBa YES
Valley. Fairly resistant to scab. A bittersweetiety.
Believed to be a Somerset apple and possibly raised
Kingston, near Taunton. This variety was introdliceo
. Herefordshire ¢.1820 by Mr Palmer of Bollitree Esta
Kingston Early
Black 1989-093 November Wes_ton—under—Penyard near Ro_ss—on—V\_/ye. Trees_are pf YES
medium size and have a spreading habit. Suscepible
scab. Fruits are medium to small in size and predufull
bodied, excellent quality cider with a distinctil@vour.
This variety is also known under the names of Sour
Early Natural and Wyatt's Seedling. It is thought to have
Langworthy 1992-123 28 Apr (9yr) 30 Apr (9yr) 9 Méyr) November originated in Devon. Once a very popular variety in YES

Somerset and Devon. Fruits produce a sweet, liget c
with a good flavour.
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Cultivar
Name

Acc. No.

10 year Flowering mean

10% OPEN

FULL FLOWER

90% OVER

Harvest date

Fruit Description

Propagation
material available

Le Bret

1989-094

October

This variety is sometimes mistakenly named Swefetrdl
due to an error in a cider nursery some few yegos An
annual bearing variety originating from Devon ie thid
1900s. This variety is very susceptible to scabd&ces a
sweet cider.

YES

Major

1989-125

Late
September

Originated in South Devon. Once a commonly grown
variety in some of the old farm orchards of Devad a
Somerset. Trees are quite vigorous. Fruits areeafinm
size. Produces a good bittersweet cider.

YES

Maundy

1989-126

Late Octobe

An old cider variety known to have been in existeimc

rthe late 1800s. Produces a bittersweet cider.

YES

Medaille d'Or

1989-095

14-May

17-May

28-May

Novembe|

Raised in 1865 by M. Godard, Bois Guillaume, Frarice
was introduced into England in 1884 by the Woolhope
Naturalists Field Club. The fruits are described as
bittersweet with a sweet, astringent juice, higkaimins.
Produces a cider with a high alcohol content astiang
fruity flavour.

YES

Michelin

1989-096

Late October
- November

This old popular cider apple was raised by M. Ladraf
Yvetot, Normandy , France. It first fruited in 187T2was
named after M. Michelin of Paris, one of the or@in
promoters appointed by the French Government for th
study of cider fruits. Introduced into Herefordshin
1884 by the Woolhope Naturalists Field Club. Fraits
small and pale green to yellow. Produces a swees ju
resulting in a bittersweet cider ideal for blending

YES

Morgan Sweet

1989-122

05-May

08-May

17-May

August -
September

Thought to have originated during theé"Bentury in
Somerset. Useful also as a sweet, early dessdet. app
Produces an early, light cider.

YES
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Cultivar Acc. No. 10 year Flowering mean Harvest date Fruit Description Pro_pagatl_on
Name 10% OPEN | FULL FLOWER | 90% OVER material available
Muscadet de : ) ) ) Thought to have originated in France. Produces a
Dieppe 1999-043 18-Apr 20-Apr 03-May Septembe bittersweet cider. YES
A French cider variety introduced into the UK irth
L 1920s by Dr H.E. Durham for H.P. Bulmer & Co. Ayer
ate precocious, biennial cropper susceptible to scabtdare
Nehou 1989-097 04-May 06-May 15-May Esal?lpt%ngiaoeg e- ;| small to medium and soft. Harvested late Septentber YES
Y early October. Produces a bittersweet, fruity arld f
bodied cider of excellent quality.
- ) h .
Northwood 1989-098 12-May 14-May 25-May Novembef 1Nought to have originated during the"tBentury in YES
Crediton, Devon. Produces a ‘vintage’ cider.
) . ) ) Raised by Monsieur Omont at Bourghteroulde,
Omont 1989-099 20-Apr 23-Apr 05-May September Normandy, France. Produces an excellent cider. YES
Osier 1989-100 12 May (8yr 14 May (8yr) 23 Mayr(8y| Mid October | A bittersweet cider variety. YES
Paignton Originated from Paignton, Devon before 1834. Resxbiv
9 1997-015 30 Apr (9yr) 2 May (9yr) 10 May (9yn] at Brogdale in 1997 from Thornhayes Nursery, Devon. YES
Marigold . : :
Produces a medium bittersweet cider.
Pennard Bitter 1992-124 07-May 09-May 17-May E@btober | Originanted in Somerset. Produces a hitesscider. YES
First noted in the late 1920s in Monmouthshire. frees
: ) ) ) have a fairly vigorous and spreading habit. Sudslepto
Perthyre 1989-101 12-May 15-May 24-May Late Octot €Scab and canker. Produces a mild bittersweet saidrto YES
be ‘of variable guality, sometimes excellent’
. : Thought to have originated in Callington, Cornwall.
Pig's Snout 1992-125 4 May (2yr 6 May (2yr) 11 Mayr) dessert and cider apple YES
Originated in the orchard of Charles Porter of East
Porter's Late October- Lambrook, Somerset in the"i@entury. Introduced in
; 1989-102 02-May 04-May 12-May Early L o - YES
Perfection November 1907. Produces a sharp juice with little astringenc

Ripens late October to early November.
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Cultivar

10 year Flowering mean

Propagation

Acc. No. Harvest date Fruit Description . .
Name 10% OPEN | FULL FLOWER | 90% OVER material available
A red sport of the old English cider variety ‘Foxaip’.
Red Foxwhelp 1989-128 01-May 03-May 10-May Mid @eto | Foxwhelp is considered one of the premier cideringak YES
apples. Produces a bittersharp cider.
) : Thought to have originated in Somerset. Trees rathe
Red Jersey 1992-124 14 May (8yf) 16 May (8yr) 25/ @yr) Mid October prone to scab.Produces a bittersweet cider. YES
Raised in 1872 by Monsieur Dieppois, Yvetot, France
Late Introduced to the UK in the 1920s by Dr H.E. Durham
Rel_ne des 1989-103 07-May 09-May 17-May September- and was distributed by H.P. Bulme_r & Co. A t?lenrh]at YES
Hatives Mid October | Precocious cropper. Produces a bittersweet jiice.
cider produced form this variety is described agst or
mildly bittersweet, soft and neutral but often mtthin.’
A French cider variety introduced to the UK throubh
Reine des National Fruit and Cider Institute in 1903. The rioed
P 1989-104 29-Apr 01-May 10-May November| sized trees have a spreading habit with small dngpp YES
ommes : ]
branches. Produces a full bittersweet cider of good
quality.
Rougette : ) ) ) Mid Originated in France. Known to have been in existdn
Douce 1999-044 01-May 04-May 13-May November | 1893. Produces a mild bittersweet cider. YES
Believed to be of Somerset origin. Described as a
Roval traditional dual purpose apple that can be used for
Sor);erset 1992-129 04-May 06-May 15-May Late Octobéercooking or cider making. Long Ashton Research atati YES
reported that this variety made a first class madsharp
cider.
Sauvageon ] _ ) } Received by the National Fruit Trials, Brogdale 890
(INRA 184) 1999-054 29-Apr 01-May 09-May from Long Ashton Research Station. YES
Possibly originated in Herefordshire. Received at
Severn Bank 1989-105 11-May 14-May 21-May Octoberl Brogdale in 1989 from Long Ashton Research Station. YES
Fruits produce a sharp cider.
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Cultivar Acc. No. 10 year Flowering mean Harvest date Fruit Description Pro_pagatl_on
Name 10% OPEN | FULL FLOWER | 90% OVER material available
Thought to have been raised at Brockhampton,
Herefordshire and possibly raised by the Skyrmeslén
Skyrme's Late October- Herefo_rdshire family._Fruits were s_ometimes y_segiWe
Kernel 1992-131 23 Apr (9yr) 26 Apr (9yr) 6 May (9yr Early a special flavour to pies and puddings. The cidisr t YES
November apple produces is described as having a 'pecldiaour
and its aroma improves very much by keeping, bist it
better mixed with other apples of its season'.
Slack-ma- Origin is believed to be either Devon or Somerset.
Girdle 1992-132 5 May (6yr) 7 May (6yr) 17 May (6yr] Octob Medlu_m S|zed_fm|ts are in use from October to Deler. YES
Flesh is described as being sweet.
Thought to have originated in the Sutton Montisaase
Somerset. As a result of its good performancelifl/
trial at the National Fruit & Cider Institute toget with
Somerset good orchard performance at Burghill, Herefordyais
Redstreak 1989-106 06-May 08-May 16-May October subsequently Eropagated to be in?:luded in many YES
commercial cider orchards. The medium sized fipgns
in October. Produces a mild or medium bitterswédgrc
of average quality.
A very old English culinary and cider apple.ThesHeof
Sops in Wine 1992-133 24-Apr 26-Apr 05-May October| the fruits is red as if soaked in red wine andiset, juicy YES
and pleasantly flavoured.
N Early An old cider variety thought to have originatednfro
Stable Jersey 1989-10 05-May 07-May 16-Mayl  \ovember Shepton Mallet, Somerset.Produces a bittersweet.cid YES
Stembridge ' Ori_ginatgd from Sam Duck of Stembl_’idgg, Kingsbury
Cluster 1989-108 30-Apr 02-May 11-May Mid October Episcopi, Somerset. Tends to be a biennial cropper. YES
Produces a full bittersweet cider.
A seedling which originated from the Kingsbury Eigi
Stembridge area of central Somerset.lnyroduced by Mr WJ I&tyc
Jersey 1989-109 08-May 10-May 18-May Late Octobera_nd n_amed after the Iocgl village of Sterr_\brldge'. A YES
biennial cropper producing small to medium fruits.
Produces a bittersweet cider.
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Cultivar

10 year Flowering mean

Propagation

Acc. No. Harvest date Fruit Description . .
Name 10% OPEN | FULL FLOWER | 90% OVER material available
This variety gained attention in the 1920s wheweys
i Late found trees growing in Rodney Stoke, Somerset.tides
Stoke Red 1989-110 16 May (8y 18 May (Byr) 27 May (8yr) November | are fairly vigorous and crop quite heavily. Prodtiae YES
sharp, slightly astringent juice and a fine, shader.
Strawberry : Thought to have originated in Herefordshire.Known t
Norman 1992-134 17 May (9yr) 20 May (9yr) 28 May (9y have been in existence in thé"iSentury. YES
An old variety originating in Devon. Once very comm
Earl in cider orchards in the Exeter area. Susceptible t
Sweet Coppin 1989-112 07-May 10-May 17-May Noven}llber mildew. The medium to large fruits ripen early YES
November. Produces a pure sweet, sometimes a \itety
bittersweet cider of good quality.
Tale Sweet 1989-113 30-Apr 02-May 10-May Early Originated from Tale, near Honiton, Devon. Produzes YES
November | sweet juice.
Trees found in 1980 by James Evans in the Tamdeya
Tan Harvey 1992-135 25 Apr (9yr 28 Apr (9yr) 9 M&yr) Early October| Cornwall. A good, reliable, heavy cropping cidepkp YES
which produces a bittersweet cider.
. Late October . - .
Tardive de la 1989-086 -Early B_elleved to have originated in France.Produces a YES
Sarthe bittersweet cider.
November
lﬁ:g;ieer 1989-114 23-Apr 25-Apr 05-May November An old Fremider apple. Produces a bittersweet cider. YES
An old Somerset variety originating from the South
Petherton area. Sometimes called Taylor's Sweet.
Taylor's 1989-115 03-May 05-May 13-May October | Susceptible to mildew. The medium sized fruits are YES
harvested in October. Produces a sweet, mildly
bittersweet cider of fair quality.
SN T B R | e R e e e e |
p Y Y Se ter)r/1ber September to November. Fruits have crisp, juicid ac
P flesh. Cooks well. Produces a sharp cider.
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Cultivar Acc. No. 10 year Flowering mean Harvest date Fruit Description Pro_pagatl_on
Name 10% OPEN | FULL FLOWER | 90% OVER material available
Originated in the Exe Valley, Devon. Flowers areyve
Tremlett's sensitive to frost which may contribute to the ¢ree
Bitter 1989-117 27 Apr (9yn) 29 Apr oy 8 Megyn) Barly October biennial cropping pattern. Susceptible to scabdfces a YES
full bittersweet cider.
Early Received at Brogdale in 1989 from Long Ashton
Vagon Archer | 1989-172 11-May 14-May 23-May | November | Research Station. Produces a mild bittersweet cider YES
A French variety introduced to Herefordshire by the
Mid Woolhope Naturalist Field Club at the end of th8 19
Vilberie 1989-118 21-May 24-May 01-Jun N Century. Trees are vigorous with an open spreaifig. YES
ovember - -
Appears to be susceptible to mildew. Produced a fu
bittersweet cider with a good full-bodied flavour.
Originated in the village of yarlington, in the Nor
Yarlington ) : ] : October - Cadbury area of Somerset. A strongly biennial ceopp
Mill 1989-119 02-May 04-May 12-May November | unless pruned regularly. Produces a medium bitestw YES
cider.

136




Appendix 4: Example of a Pedimap data file from
http://www.rosaceae.org/bt_pedigree/pedimap_select

All keywords are shown in UPPERCASE

POPULATION = pedimap_input.txt

UNKNOWN

NULLHOMOZ =$

PLOIDY =2
PEDIGREE
NAME
"Cox"
"Clivia"
"Fiesta"
"IngMarie”
"JamesGr"
"KidsOrRed"
"NJ303955"
"Suncrisp"
"Cortland"
"Delicious”
"DrOldenbu”
"GoldenDel"
“Idared"
"BenDavis"
"MclIntosh”
"Wagener"

"Jonathan"

: this is the default

: this is the default

FEMALE

*

"DrOldenbu"

"Cox"

"Cox"
"Cox"

"Delicious"

"Cortland"

"GoldenDel"

"Mclintosh"

*
*

*
"Jonathan"
*

*

*

MALE
*
"Cox"

"Idared"

*

*

"Cox"
"Cox"
"Cox"

"BenDavis"

*
*
*
"Wagener"
*
*
*

*
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