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Abstract

Most of the blueberry cultivars now grown in therldocame from the breeding programs of
Frederick Coville (1908 — 1937), George Darrow @9958) and Arlen Draper (1965 - present) of
the United States Department of Agriculture, andl Rgrene (1978 - present) of the University of
Florida. Until about 30 years ago, highbush blugbeultivation was restricted to cold climates, as
the original cultivated specie¥acciniumcorymbosumrequired about 800 — 1000 chilling hours
below 7°C for normal floral development. To expand the eofj highbush blueberry cultivation
into the southern USA, Ralph Sharp of the Univgrait Florida and Darrow hybridized the
original northern highbush types with native southspecies. There are now three types of
highbush blueberry varieties grown worldwide - Nern, Southern and Intermediate. These vary
in the number of chilling hours they require forrmal floral development and their level of
tolerance to winter cold. The primary goals of fgdaouthern and Intermediate highbush breeders
are to obtain early ripening types with high plaigor, disease resistance and a later bloom
(particularly in Florida). Northern highbush breed@re concentrating on flavor, longer storing
fruit, expanded harvest dates, disease and peéstarese and machine harvestability. Current trends
in highbush blueberry breeding include speeding d¢hkivar release process, expanding the
germplasm base of varieties and licensing.

Kopsavilkums

Lielaka dda no kimmellequ &irném, kas pasSreiz tiek augtas pasaal ir izveidojusi Frederick
Coville (1908 — 1937), George Darrow (1938 — 195&)en Draper (1965 — paslaik) un Paul
Lyrene (1978 — paslaik). Apgram pirms 30 gadiem augstiknu melleu audzSanu ierobeZoja
aukstais klimats, jo kult&tam Vaccinium corymbosursudgim, lai ziedkopa nordi attistitos,
nepiecieSsamas 800 — 1000 aukstuma stundas zeffC+ LAi paplasiatu diapazonu augstimu
mellepu audz3arm ASV dienvidu d#&, R. Sarps no Floridas univegtiés un G.Darovs krustoja
vietgjas zieméu augstkiimu mellenes ar vigam dienvidu sugm.

Sobid ir tris veidu augstimu mellewu irnes, ko audz visa pasaut — zieméu, dienvidu un
starpformu. E&s at&iras ar nepiecieSamo aukstuma stundu skaitu, tigiitts nornalas ziedkopas
un kiimi batu aukstumiztuigi. Galvenais selekcijasarkis dienvidu un starpformu &mmellerem

ir iegit agfinas, ar lielu augSanaséegp, pret slinibam iztuigas un ¢lu ziedoSasipaSi Floridi)
krimmellenes. Ziemea augstkimu mellewu selekcioari koncenté uzmarnbu uz aroratisku ogu
ieguvi, ilgaku audu uzglataSanos, iefikSaras laika pagari#Sanu, slimbu un kaigklu iztuibu un
izturibu pret mehanétu vakSanu. Nommigi augstkiimu melleu selekcij ir virziba uzatraku
gkirnes atzSanas procesukisnu genu banku paplasa$anu un licences izsniegSanu.
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Introduction

There are now three types of highbush blueberryetrtes grown - Northern, Southern and
Intermediate. These vary in the number of chillihgurs they require for normal floral
development and their level of tolerance to wimtglid. Northern highbush varieties are adapted to
quite cold mid-winter temperatures below 20 but grow well anywhere there are 800 — 1000
hours of chilling. These are grown primarily in Aadia, France, Germany, Michigan, New Jersey,
New Zealand, the Pacific Northwest, Poland andeCi8buthern highbush varieties do not tolerate
winter temperatures much below freezing and reqthiing hours under about 350 hours. They
are grown primarily in Australia, Argentina, Califva, Florida, Chile and southern Spain.
Intermediate highbush varieties have a wide rangghilling requirements from 400 — 800 hours.
They generally fail in the colder climates becatlsy bloom too early and are too slow to harden
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in the fall, resulting in freeze damage to the #ovbuds. The Intermediate highbush types are
grown primarily in Arkansas, Chile, North Caroliaad the Pacific Northwest.

History of blueberry breeding.

Blueberry breeding is a very recent developmentn@idaek, 2006a; Lyrene, 1998). Highbush
breeding began in the early 1900s in New Jersetp thi first hybrid being released in 1908 by
Frederick Coville of the United States DepartmehtAgriculture (USDA). He conducted the
fundamental life history studies of the bluebetrgittserved as the basis of cultivation such as soil
pH requirements, cold and day-length control ofaliewment, pruning strategies and modes of
propagation. Working with Elizabeth White and o#)ehe collected several outstanding wild
clones ofV. corymbosunandV. angustifoliumwhich he subsequently used in breeding improved
types. Over 75 % of the current blueberry acreag#til composed of his hybrids, most notably
‘Bluecrop’, ‘Jersey’, ‘Weymouth’, ‘Croatan’, ‘Bluay’, ‘Rubel’ and ‘Berkeley’ (Mainland, 1998).
George Darrow took over the USDA program after @euilied in 1937 and made important
contributions on the crossibility and phylogenytloé nativeVacciniumspecies working with the
taxonomist W. H. Camp (Hancock, 2006b). He formddrge collaborative testing network that
encompassed both private growers and AgricultuxpleEment Station Scientists (AES) scientists
in Connecticut, Florida, Georgia, Maine, Massactias#ichigan, New Jersey and North Carolina.
From 1945 to 1961, he sent out almost 200,000 dglo his cooperators for evaluation. Arlen
Draper followed Darrow and focused on mixing theageof most wildvacciniumspecies into the
cultivated highbush background. He maintained darehgthened Darrow’s collaborative network
and released a prodigious number of southern,n@giate and northern highbush cultivars, with
improved fruit color and firmness, smaller pediskars and higher productivity (Hancock and
Galletta, 1995). His Northern highbush ‘Duke’ aldliott’ have been major successes, along with
his newer Intermediate release ‘Legacy’. Mark EfddH took over the USDA program in 1998.
Ralph Sharp began working in the 1950s in Floriddhe development of Southern highbush types
in collaboration with Darrow (Sharp and Darrow, 29%yrene, 1998). To expand the range of
highbush blueberry cultivation into the southernAJShey hybridized the original northern
highbush types with native southern species. Skap the first collector oV. darrowii for
breeding, and until very recently, all southernhhigsh cultivars contained genes from his wild
clones. Sharp developed a number of successfiNandt including ‘Sharpblue’, which was grown
commercially until very recently. Paul Lyrene tooker the breeding work in Florida in the late
1970s.

Stanley Johnson at Michigan State University spestinsiderable amount of time in the 1950s and
1960s improving the cold tolerance of highbustchyssing it withV. angustifolium Out of this
work came the *half-high” cultivar Northland andettmostly pure Northern highbush type
‘Bluejay’, which was released by his successor Moulton. The program was abandoned in
1978, but was renewed in 1990 by Jim Hancock.

Joseph Eberhart, in Washington released three @&torthighbush cultivars, Pacific, Olympia, and
Washington in the 1920s and 1930s. ‘Olympia’ i gtiown today in the Pacific Northwest, but
not planted.

Outside of the USA, blueberry breeding work wasdumted in Australia, Germany and New
Zealand. Johnston sent open pollinated seed timies and Ridley Bell in Australia in the 1960s
that generated the important Northern highbushiveultBrigitta Blue’ along with several others.
Narandra Patel at HortResearch in New Zealandsetkthe Northern highbush cultivars Nui, Puru
and Reka from breeding material initially providedthe University of Arkansas and the USDA at
Beltsville in the 1960 and 1970s. Walter HeermamiGermany, working with seed provided by
Frederick Coville, released several Northern highibuarieties in the 1940s and 1950s including
‘Blauweiss-Goldtraube’, ‘Blauweiss-Zukertraube’ gefrma’, ‘Rekord’, ‘Ama’ and ‘Gretha’.

Current Breeding Goal§.he current goals of Southern and Intermediatekhigh breeders are to
obtain early ripening types with high plant vigdisease resistance and a later bloom (particularly
in Florida). Established breeding lines are beisgdufor this purpose, along with hybrids derived
from nativeV. asheiV. elliottii andV. darrowii. There is also growing interest in developing very
low chill, evergreen types that fruit in both thensmer and fall (Lyrene, 2007; Darnell and
Williamson, 1997).
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Southern and Intermediate highbush cultivars anegbgeveloped at several locations, including
Arkansas, Australia, California, Florida, Geordidississippi, Chile and Spain. Paul Lyrene at the
University of Florida has the most active prograealithg with very low chill genotypes and has
released many high impact cultivars including ‘Eatét ‘Jewel’, ‘Misty’ and ‘Star’. Jim
Ballington in North Carolina has the most signifitgrogram operating at the interface between
Northern and Southern highbush types, and has agera number of important cultivars
including ‘Lenore’, ‘New Hanover’, ‘O’Neal’, ‘Revéie’ and ‘Sampson’. O’'Neal is a very low
chill type, while the rest are intermediate. Jimdvi® and now John Clark at the University of
Arkansas have focused on mixing southern wild s®eavith northern types and released
‘Ozarkblue,’ a late Intermediate type. Scott Ne®ndt the University of Georgia has generated
several new early Intermediate varieties includiRgbel’, ‘Camelia’ and ‘Palmetto’.  Steve
Stringer, Arlen Draper and Jim Spears at the USBMississippi have developed a number of
Intermediate highbush types including ‘Biloxi’, ‘@ton’ and ‘Magnolia’. Several private breeding
programs have also emerged that are developingh&woutand Intermediate highbush types
including Atlantic Blue in Spain, Berry Blue in Miman and Chile, Driscoll Associates in
California, Mountain Blue Orchard in Australia and Vital BeinyChile.

Northern highbush breeders are concentrating ororfldonger storing fruit, expanded harvest
dates, disease and pest resistance and machirestadnlity. Established breeding lines are being
used in these efforts, along with complex hybridsde up ofV. darrowi V. angustifoliumV.
constableiand most of the other wild species. Even thoughai limited winter hardinesy,.
darrowii has proven to be an interesting parent in coldenates, because it passes on a
powderblue color, firmness, high flavor, heat tatere and potential upland adaptations.

Northern highbush blueberries are currently beingdbin New Jersey, Michigan, Oregon and
Chile. Jim Hancock at Michigan State University fecusing on late maturing, long storing
genotypes and has released three new Northern udsghbultivars that show high promise,
‘Aurora’, ‘Draper’ and ‘Liberty’. Mark Ehlenfeldt fothe USDA program in New Jersey is focusing
on identifying genotypes with high disease reststaand tolerance to winter cold, and has released
several cultivars including ‘Chanticleer’ and ‘Hatrs Choice’. Nicholi Vorza at the Cranberry
and Blueberry Research Station of Rutgers Uniwefsits begun a program in New Jersey to
develop locally adapted highbush cultivars with hiae harvestability and high fruit quality. Chad
Finn of the USDA in Oregon is active in identifyiggnotypes that are well suited to the Pacific
Northwest. The HortResearch program has recentyhagdd hands to Dave Brazelton and Fall
Creek Nursery in Oregon. Other worldwide northeighbush breeding projects include ‘Berry
Blue’ in Michigan and Chile, Driscoll Associates @Galifornia, the University of Talca and Vital
Berry in Chile.

Recent trends in highbush breeding. There has deenent trend to speed up the cultivar release
process. While it used to take up to 25 years filoeroriginal cross to the farm, there is now a push
to go from seed to release in 10 — 12 years, withds being thought possible. In the early days, a
plant was often evaluated for 6 — 12 years befetecion and then the elites were evaluated for
another 6 — 12 years in replicated trials befotease. A good example is ‘Elliott,” which was
released 25 years after the cross. Today, the pris&ection and replicated trial stages have each
been reduced to 3 to 4 years in some programsap®i was released 12 years after the original
cross, and ‘Aurora’ and ‘Liberty’ were evaluatedyohO years.

The rapid expansion of the industry and the needné&w improved types has stimulated this
acceleration, along with a need to keep evaluatiosis low. The key to the success of this
approach is to make sure that the replicated trémbs conducted across a wide range of
environments, so that the full potential of theesgbns is recognized as soon as possible. Still,
today’s growers must be more prepared to abanauwoitigar if it fails to live up to expectations or

a better one appears.

Another trend which is to produce varieties wittbland of species genes. In the early days,
virtually all the cultivars were pure derivative$ oV. corymbosumwith at little bit of V.
angustifolium The southern breeders changed all of this whey tisedVv. darrowii and to some
extend V. asheito reduce the chilling requirement of southernhbigsh With increasing
frequency, native species genes are finding thwy into the blood of northern types. For
example, Legacy is 25 %. darrowiiand 2 %V. angustifolium‘Sierra’ is 20 %V. darrowii, 15 %
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V. ashej 13 %V. constableiand 2 %V. angustifolium Breeders are finding that the use ot
darrowii has dramatic impacts on fruit quality, and ityotrakes two or three generations to restore
winter hardiness (Hancock et al, 1995). The commgeretic background of modern breeding
populations also makes testing of superior genstygeoss broad climatic zones imperative to
finding their optimal adaptive zone, particularlgr fselections of southern and intermediate
highbush families. For example, a few years agasplit our breeding families between Oregon
and Michigan, and evaluated them independentlyaah docation (Finret al, 2003). We used a
diverse array of families with varying amounts otithern species blood in their heritage. The elite
families that emerged in Michigan where also dliteéDregon, but there were a number of elite
families in Oregon that proved poorly adapted ® lteat and cold in Michigan. Had we relied on
Michigan screens, we would have disregarded someriiant families.

One other important change in highbush breedinthésmove towards patenting and licensing
blueberry varieties. Today, only the USDA breedimggram does not license their varieties, and
they are headed in this direction. This move hasecprimarily as a means to support further
breeding work, as State resources dwindle. Licgnsiray save some public programs from
extinction due to diminishing state support, butilt also restrict the availability of new varies.
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Abstract

Fruit development and ripening represent one ofntlost complex developmental processes in
plants. Functionally, the role of fruits is to covke developing seeds and promote the dispersal of
mature seeds through the production of attractsleur, flavour and aroma compounds. After
fertilisation, the first phases of fruit developrménclude the division and the expansion of the
cells. The ripening phase is initiated after thenpteted seed maturation. Tissue softening and
accumulation of flavour compounds, aromatic vadatibnd pigments occurs during the ripening
phase. The quality of fruits is determined by tlifetent developmental steps via the signalling
cascade that is responsible for the metabolic amndctaral changes during the ripening
phenomenon. Genugacciniumis widespread over the world and it includes maognomically
important cultivated and wild berry species. Fruifsthe Vacciniumspecies are non-climacteric
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