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INTRODUCTION TO SECOND EDITION

What we reported in the first edition of this book in 2012 still holds very true.
Blueberry production and commerce continues to grow by leaps and bounds.
From a crop that was mainly consumed and cultivated in North America, we
have come to an era of worldwide blueberry cultivation. This expansion has
encompassed plantings in a greater diversity of environments and has required
the development of innovative cultural practices and conditions. It was only
40 years ago that highbush blueberry cultivation was restricted to temperate
climates with more than 1000 chilling hours. Now cultivars are available that
can be grown in subtropical and tropical environments with no chilling hours.
This situation has challenged researchers to increase both the scope and depth
of their activities. The number of articles and meetings on blueberries has
grown at a steady pace, and even in the 5 years since the first edition of this
book, the literature has expanded dramatically. The information available for
people involved in blueberry research, culture or marketing is widely dispersed
and often difficult to access or interpret. This book was developed to provide
readers with the current status of knowledge on blueberry science and
management.

The second edition of this book is still structured in nine chapters like the
first. In Chapter 1, the industry is described with information on the history of
cultivation, the most important locations, the species and the cultural prac-
tices employed in the different production regions. The dramatic changes in the
worldwide industry in the last few years are incorporated. Chapter 2 deals with
the taxonomy of blueberry species, the history of improvement and current
breeding efforts, tools and goals, and describes the most important blueberry
cultivars grown worldwide. The emerging genomic information on the blue-
berry is highlighted. In Chapter 3, the anatomy and morphology of the high-
bush and rabbiteye blueberry are discussed, along with vegetative and
reproductive growth and development. Chapter 4 deals with the generation
and distribution of carbohydrates, and the factors involved in dry-matter

vii



viii Introduction to Second Edition

production and partitioning among the various plant organs. Chapter 5 con-
centrates on the mineral nutrition of blueberries, the factors that affect the
availability of nutrients, and the methods to establish and supply the nutrients
to satisfy crop demands. Chapter 6 covers various management practices that
are important in blueberry cultivation, including mulching, irrigation, soil-
less culture, cultivation under high tunnels, pruning, pollination and harvest.
There has been much new information published on pruning, grafting and
irrigation. Chapter 7 examines plant growth regulators with regard to their
application and the factors that affect their performance. Current and poten-
tial uses of these substances are presented. The most relevant pests, diseases
and weeds that attack blueberries are covered in Chapter 8. The information
on diseases (viruses, bacteria and fungi) is presented based on the organs
affected, and the symptoms associated with diseases and pests are described.
Chapter 9 discusses the pre- and postharvest management of fruit quality. The
attributes and factors affecting fruit quality are defined, as well as the factors
that influence the postharvest life of the fruit and the approaches used to
extend fruit quality. Much new information has been gathered on fruit quality
and consumer acceptance.

This edition, like the first, is meant to be an overview of the various aspects
of blueberry science and culture. It is targeted towards blueberry researchers
and students in horticulture, but it should also be useful for growers and people
in the industry who want to update their knowledge on this crop. Our approach
has been to explain in an understandable manner the basic science behind the
growth and development of blueberries, their botanical characteristics, as well
as the implications and effects of various management practices and environ-
mental conditions.

The authors are grateful for the encouragement and assistance of many
people who made the work possible. The University of Talca financed sabbati-
cal leaves for the senior author to start the writing of the first edition and work
on the second. Our wives, Beatriz and Ann, along with JBR’s children (Beatriz,
Jorge and Gabriela), were tremendously supportive throughout the prepara-
tion of this book. Several people provided help in the first edition, and we built
on their input in the second. These contributors were:

Carlos Araya, Universidad de Talca: performed literature searches.
Randy Beaudry, Michigan State University: reviewed Chapter 9.
e Pilar Banados, Pontificia Universidad Catolica de Chile: reviewed sections
of Chapters 3 and 6.
e Ridley Bell, Mountain View Orchards: reviewed sections of Chapter 1 and
provided information for Chapter 2.
Peter Caligari, Universidad de Talca: reviewed the book proofs.
Reinaldo Campos, Universidad Andrés Bello: reviewed Chapter 9.
Bill Cline, University of Georgia: reviewed sections of Chapter 8.
Nicolas Cobo, Universidad de Talca: prepared drawings.
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Sandra Carrizo, Universidad de Talca, reference search.

Rebecca Darnell, University of Florida: reviewed Chapter 6.

Bruno Defilippi, Instituto de Investigaciones Agropecuarias: reviewed
Chapter 9.

Chad Finn, US Department of Agriculture—Agricultural Research Service:
reviewed Chapter 2.

Mark Greef, Nelson Mandela Metropolitan University: reviewed sections of
Chapter 1.

Eric Hanson, Michigan State University: reviewed sections of Chapter 8.
Jane Hoyle, Technical editing.

Rufus Isaacs, Michigan State University: reviewed sections of Chapter 8.
Raul S. Lavado, Universidad de Buenos Aires: provided information on
Argentinean soils.

Oscar Liburd, University of Florida: reviewed sections of Chapter 8.
Cheng Liu, Liaoning Institute of Pomology: reviewed sections of
Chapter 1.

Gustavo Lobos, Universidad de Talca: prepared drawings.

José Manuel Lopez-Aranda, Junta de Andalucia (Spain): provided soil data.
Scott NeSmith, University of Georgia: reviewed sections of Chapter 2.
Samuel Ortega, Universidad de Talca: reviewed Chapter 6.

Maria José Palma, Universidad de Talca: did reference searches and pre-
pared drawings.

Narandra Patel, Gourmet Group of Companies: reviewed sections of
Chapter 1.

Alejandro del Pozo, Universidad de Talca: reviewed Chapter 4.

Julio Retamales, private consultant: reviewed Chapter 7.

Sebastian Romero, Universidad de Talca: prepared drawings and tables.
Takato Tamada, Japan Blueberry Association: reviewed sections of
Chapter 1.

Claudio Valdes, private consultant: reviewed Chapter 5.

Ed Wheeler, MBG Marketing: reviewed sections of Chapter 2.

Garry Wright, BerryExchange: reviewed sections of Chapter 1.

Wei Yang, Oregon State University: provided soil data for Chapter 6.
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1

THE BLUEBERRY INDUSTRY

INTRODUCTION

The predominant cultivated blueberry species are Vaccinium corymbosum L.
(highbush blueberry), Vaccinium virgatum Ait. (rabbiteye blueberry; syn.
Vaccinium ashei Reade) and native stands of Vaccinium angustifolium Ait. (low-
bush blueberry). Highbush cultivars are further separated into northern,
southern and intermediate types depending on their chilling requirements and
winter hardiness. Half-high types are also grown that are hybrids of highbush
and lowbush species.

Where the different types of blueberry are grown is to a large extent deter-
mined by their chilling requirement and winter cold hardiness. All blueberries
require a well-drained, acid soil with ample moisture. The lowbush types
require at least 1000 chilling hours (<7°C) for normal floral development and
can tolerate temperatures as low as —30°C. Rabbiteye cultivars require about
600h of chilling, and their floral buds cannot tolerate temperatures much
below freezing. Northern highbush cultivars (NHBs) are adapted to quite cold
mid-winter temperatures below —20°C and grow well anywhere there are 800
to 1000h of chilling. Southern highbush cultivars (SHBs) do not tolerate
winter temperatures much below freezing and require chilling hours under
about 550h. Intermediate highbush cultivars have a wide range of chilling
requirements from 400 to 800h. They generally fail in the colder climates
because they bloom too early and are too slow to harden in the autumn, result-
ing in freeze damage to the flower buds.

Most of the commercial production of blueberries now comes from high-
bush and lowbush types, although rabbiteyes are important in south-east
North America and hybrids of highbush xlowbush (half-highs) have made a
minor impact in Upper Mid-west USA. Some rabbiteye cultivars are grown in
the US Pacific Northwest and Chile for their very late-ripening fruit and wider
soil adaptability. NHBs are grown primarily in Australia, France, Germany,
Italy, New Zealand, the USA (Pacific Northwest, Michigan, New Jersey), Poland

© J.B. Retamales and J.F. Hancock 2018. Blueberries, 2nd Edition
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2 Chapter 1

and Chile. SHBs are grown predominantly in Australia, Argentina, the USA
(California, Florida, Georgia), Chile, Peru, Colombia and southern Spain. The
intermediate highbush types are grown mostly in Chile and the USA (Arkansas,
New Jersey, North Carolina and Pacific Northwest).

Highbush blueberries have become a major international crop, with over
65,000 ha planted in North America, 23,000 ha in South America, 27,000 ha
in Asia and the Pacific, 16,000 ha in Europe and about 1000 ha in the Mediter-
ranean and North Africa and sub-Saharan Africa (Brazelton and Young,
2017). Overall, world production of highbush is over 650 million t annually,
while lowbush blueberry production exceeds 250 million t.

EARLY HISTORY OF HIGHBUSH BLUEBERRY CULTIVATION

Many of the wild, edible Vaccinium spp. have been harvested for thousands of
years by indigenous peoples (Moerman, 1998). Native Americans in western
and eastern North America intentionally burned native stands of blueberries
and huckleberries to renew their vigour and eliminate competition. Highbush
and rabbiteye blueberries were domesticated at the end of the 19th century.
Plants were initially dug from the wild and transplanted into New England and
Florida fields.

The NHB V. corymbosum was first domesticated in 1908 by Frederick Cov-
ille of the US Department of Agriculture (USDA). He was the first to establish
the fundamental requirements of these plants, determining that blueberries
need acid, well-drained soils, have no root hairs and require a low-temperature
rest period (Coville, 1916). He also learned how to propagate blueberries by
stem cuttings and established that bumble bees were the best pollinators. In
addition, Coville learned that some genotypes are self-unfruitful, and that the
highbush blueberry is a tetraploid (Coville, 1927).

Coville began breeding highbush blueberries in 1908, with the help of a
private grower in New Jersey, Elizabeth White (Ehlenfeldt, 2009). White grew
out Coville’s hybrid populations and was particularly helpful in identifying elite
wild clones by offering a reward to individuals sending her samples of blueber-
ries that were unusually large. The best clones identified by Coville and White
were named after their discoverers and included ‘Adams’, ‘Brooks’, ‘Dunfee’,
‘Grover’, ‘Harding’, ‘Rubel’, ‘Russell’, Sam’ and ‘Sooy’. ‘Rubel’ is still grown
today, being favoured as a processed berry.

In an address to the Philadelphia Society for the Promotion of Agriculture
in 1934, White stated:

The best of the hundred bushes located was that found by Rube Leek. In my notes
on the variety, I at first used his full name, but Dr. Coville said Leek savored of
onions and used in his notes the name Rube. Rube! What a name for such an
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aristocratic a plant! Finally, on Dr. Coville’s suggestion, a happy solution was found
in the name ‘Rubel’; the finder’s first name plus the initial of his surname.
(White, 1934)

Coville bred blueberries from 1908 to 1937, and left 30,000 seedlings for
his replacement, George Darrow, to sort through (Mainland, 1998). His first
releases came in 1920, ‘Pioneer’ and ‘Katherine’ (‘Brooks’x ‘Sooy’). Coville
remains the most successful breeder, as over half of the current blueberry
hectarage is still composed of his selections, including ‘Rubel’ (1911), ‘Jersey’
(1928), ‘Weymouth’ (1936), ‘Bluecrop’ (1952), ‘Croatan’ (1954) and
‘Blueray’ (1955). However, none of these cultivars is widely planted anymore.

GROWTH OF THE BLUEBERRY INDUSTRY IN NORTH
AMERICA

Through the 1970s and early 1980s, the NHB area continued to expand in
Michigan, and large new plantings began to appear in British Columbia and
Oregon (Table 1.1). The area covered by NHB blueberries increased from about
370to 1,540ha (+316%) in the Pacific Northwest and from 3,100 to 4,900 ha
(+58%) in Michigan. Rabbiteye hectarage also grew by about 40% in the
1970s and early 1980s, primarily in Florida and Georgia. Only limited plant-
ing was done in North Carolina and New Jersey.

In the 1980s, steady growth continued in the northern production regions
of Oregon (+168%), Washington (+53%), British Columbia (+100%) and
Michigan (+41%), and major new plantings of NHBs also began to appear in
New York and Indiana. Significantly less planting was done in New Jersey
(+11%) and North Carolina (0%) (Table 1.1). In the south, the surface area of
blueberries increased by 112% in Florida and 39% in Georgia, and Mississippi
and Texas emerged as significant blueberry-producing states. The first plant-
ings of SHBs were made during this period in Florida and Georgia, and by 1992
southern blueberry hectarage was about 7% SHBs and 9 3% rabbiteyes.

Growth in the blueberry industry generally slowed during the 1990s in
the primary northern growing states of Michigan, New Jersey, Oregon and
Washington; however, much more substantial gains were observed in British
Columbia (148%) and the newer producing states of New York (+105%) and
Indiana (+132%). Growth across the southern states was relatively stagnant,
except in the newer Gulf States of Mississippi (+82%) and Texas (+41%), where
rabbiteye hectarage began to expand.

From 2003 to 2014, blueberry hectarage in the USA and Canada contin-
ued to dramatically expand. California emerged for the first time as a major
blueberry-growing state, along with the country of Mexico. There was tremen-
dous growth in the Pacific Northwest, the south-eastern USA and the



Table 1.1. Growth patterns of major centres of highbush and rabbiteye blueberry production in North America. (Adapted from Moore,
1994; Strik and Yarborough, 2005; Brazelton, 2009, 2015.)

Area (ha) Change (%)
Region State 1982 1992 2003 2014 1982-1992 1992-2003 2003-2014
Atlantic North Carolina? 1,600 1,580 1,600 2,955 -1 +1 +85
Mid-west Michigan® 4,900 6,890 6,980 9,109 +41 +1 +31
IndianaP 105 125 290 401 +19 +132 +38
All 5,362 7,419 7,870 10,152 +38 +6 +29
North-east New JerseyIO 3,000 3,320 3,600 3,320 +11 +8 -8
New YorkP 125 200 410 526 +60 +105 +28
All 4,600 4,670 4,375 4,528 +2 -6 +3
North-west British ColumbiaP 970 1,820 4,510 10,931 +88 +148 +142
Oregonb 250 670 680 4,296 +168 +1 +532
Washington® 320 490 495 5,303 +53 +1 +971

All 1,540 2,980 7,330 20,530 +94 +146 +180
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6 Chapter 1

south-west. Much more modest gains occurred in the Mid-western and Atlan-
tic states. Growth in California (+5802%) Washington (+971%), Mexico
(+693%), Oregon (+532%), Georgia (+477%) and British Columbia (+145%)
led the way. By the early 2000s, in southern USA, SHBs became more widely
planted than rabbiteyes (Table 1.1).

Today, the total hectarage in North America is over 65,000 (Brazelton and
Young, 2017), and the surface area covered by blueberries increased by 120%
between 2003 and 2014. The western region accounted for the majority of the
area in 2014 at 40%, while the southern region represented 35%, the mid-
west 17% and the north-east 6% (Table 1.2). This distribution pattern is quite
a contrast from 25 years ago, when the western region represented about 14%
of the hectarage in North America, while the mid-west was 35%. British
Columbia and Georgia now have more blueberry hectarage than Michigan, the
industry leader for the previous 50 years.

GROWTH OF THE BLUEBERRY INDUSTRY OUTSIDE
NORTH AMERICA

The first planting of highbush blueberries outside of North America was made
in 1923 by a Mr Borgesius in Assen, the Netherlands. Dr Piort Hoser, the
founder of the Faculty of Horticulture of Warsaw Agricultural University, also
imported some blueberries from the USA in 1924, but they were killed by win-
ter cold in 1929. The NHB was introduced into Germany in the 1930s by Dr
Walter Heermann, who also started breeding blueberries and introduced com-
mercial production techniques. His fields encompassed 50 ha by 1951. Other
early plantings were made by David Trehane in the UK in 1959 and Wilhelm
Dierking in Germany in 1962. The first commercial plantings in Poland, the
Netherlands and Italy were made in the 1970s. Planting of blueberries began
in France in the 1980s and in Spain in the 1990s.

Table 1.2.  Proportion of total highbush and rabbiteye hectarage found in different
regions of North America; see Table 1.1 for the states included in each region.
(Adapted from Moore, 1994; Strik and Yarborough, 2005; Brazelton, 2009, 2015.)

Percentage
Region 1982 1992 2003 2014
North-east 30 22 17 7
Mid-west 35 35 30 17
South 26 28 26 35

West 10 14 28 40




The Blueberry Industry 7

Blueberry hectarage remained small across Europe until 1990, with most
planting being done in Italy, France, Germany and the Netherlands. In the
1990s, hectarage rose from about 1,000 to 4,000 ha across Europe, with the
greatest growth occurring in Poland (1,520ha) and Germany (1,370ha)
(Table 1.3). Between 2003 and 2014, the European hectarage continued to
expand dramatically to over 11,400ha, an increase of 187%. The greatest
growth in that decade was in Spain/Portugal (+954%), Italy (+199%), Poland
(+149%) and the Netherlands (+136%). The blueberry hectarage in Germany,

Table 1.3.  Growth patterns of major centres of blueberry production across the
world. (Adapted from Eck and Childers, 1966; Brazelton, 2009, 2015.)

Area (ha)
First Major growth Change
Region Country plantings period 2003 2014 (%)

Africa South Africa 1970s 1990s 355 520 +46

Morocco 1990s 2010s 0 766 -
Total 355 1,286 +46
Asia China 1980s  2010s 51 14,858  +29,033
Japan 1950s  2000s-now 355 1,303 +267
Total 406 16,161 429,300
Europe Poland 1970s Mid-1990s— 1,520 3,785 +149

now
Germany 1960s Late 1990s— 1,370 2,344 +71
early 2000s
France 1980s Late 1980s 415 421 0
Netherlands 1970s Late 2000s 300 708 +136
Spain/ 1990s  2010s 215 2,267 +954
Portugal

Italy 1970s  Early 1980s 160 478 +199

UK 1950s  2000s 0 385 -
Total 3,980 10,388 +187
Pacific Australia 1960s 1990s, 2010s 520 1,085 +109
Rim New 1970s  Late 1980s 405 737 +82

Zealand

Total 925 1,822 +97
South Chile 1980s 2000s 2,135 15,559 +629
America Argentina  1990s  2000s 710 3,004 +323

Brazil 2000s  2010s 0 400 -

Peru 2000s  2010s 0 1,073 -

Uruguay 2010s  2000s 0 368 -
Total 2,845 20,404 +610

World 8,511 50,061 +520
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Poland and the Netherlands is spread across them fairly well, while it is concen-
trated in the south-eastern corners of France and Spain. NHBs are grown at all
locations in Europe, except in Spain/Portugal where SHBs predominate.

The first blueberries were planted in Australia and New Zealand in the
1960s and 1970s, primarily as a crop for export markets (Table 1.3). The
industry in New Zealand had its greatest growth period during the late 1980s
to 1990s until its export markets became oversupplied. The industry in Aus-
tralia has undergone relatively steady growth since the 1980s. The industries
in New Zealand and Australia are dominated by a few larger grower-market-
ers, some of which have close ties with northern hemisphere producers and
marketers, as they pursue a year-round supply model for the Asia Pacific and
European regions. From 2003 to 2014, hectarage in Australia rose from 520
to 1,085ha (+109%), and in New Zealand from 405 to 737 ha (+82%).

In Australia, blueberries were historically grown in New South Wales, but
in recent years their culture has expanded dramatically into Tasmania, Far
North Queensland and Western Australia (Bell, 2006). The biggest blueberry
region is around Coffs Harbour. In New Zealand, most of the hectarage is in the
northern Waikato region, with some new plantings being made on the east
coast of the North Island (Furniss, 2006). NHBs predominate in northern New
Zealand and southern Australia. SHBs predominate in northern New South
Wales and southern New Zealand.

The first blueberries were planted in Asia in the 1950s (Table 1.3). A sig-
nificant industry emerged in Japan in late 1980s (180 ha), but only a few blue-
berries were planted in China until recently. From 2003 to 2014, the surface
area of blueberries increased from 51 to 14,858 ha (+29,033%) in China and
from 355to 1,303 ha (+267%) in Japan. Production in China has been highest
in Jilin Province, but significant hectarage has now also been planted in
Shandong, Liaoning, Yunnan and Zhejiang (Li et al., 2006; Yu et al., 2012).
Currently, hectarage in Yunnan Province is growing rapidly. NHBs and half-
highs are grown in the colder regions of China, while SHBs and rabbiteyes are
found in Shangdong, Yunnan and Zhejiang. Japanese production is scattered
in small hectarages across the country (Tamada, 2006). NHBs and half-highs
are grown in the north of Japan, NHBs, SHBs and rabbiteyes in central Japan,
and SHBs and rabbiteyes in southern Japan.

The blueberry was first brought to South Africa in the 1970s, but was not
widespread until the 1990s (Table 1.3).In 2016, atotal 1,300 ha were reported
to be planted in that country. Of this total, nearly 50% were planted between
2015 and 2016 (Sikuka, 2017). South African blueberry production is scat-
tered across the country, with concentrations along the Cape, Eastern Free
State and Lydenburg/Nelspruit (Greeff and Greeff, 2006). SHBs predominate
in the southern coastal areas, while NHBs are grown in the more inland areas
with higher chilling hours. In the last few years, a major blueberry industry
has emerged in Morocco. With over 766 ha now planted, it is the ninth largest
blueberry-producing country outside the USA (Brazelton and Young, 2017).



The Blueberry Industry 9

The first South American blueberry plantings were made in Chile in the
1980s and Argentina in the 1990s (Table 1.3).In 2014, there were 15,559 ha
of blueberries in Chile and 3,004 ha in Argentina. Blueberry hectarage grew
in Chile by 629% between 2003 and 2014 and by 323% in Argentina. Signifi-
cant hectarages of blueberries have also emerged recently in Peru (3,800 ha),
Brazil (400 ha) Uruguay (368 ha) and Colombia (220 ha). Growth of the blue-
berry industry in Peru is currently growing by leaps and bounds.

In Chile, blueberries are grown from region IV to region XIV, with concen-
trations in regions VII and VIII (over 49% of the hectarage). Over the last
10 years, by far the greatest growth in Chile has occurred in the south-central
regions from 34°50’ to 38°15'. In the north-central regions IV and V, only
SHBs are grown, while in the south-central regions IX and X, NHBs predomi-
nate. In the middle regions VII and VIII, there is a transitional zone where both
SHB and NHB types are cultivated. There are three major production regions in
Argentina that all grow predominantly SHBs: Tucuman, Entre Rios, and
Buenos Aires and San Luis (Taquini, 2006).

In 2016, the top ten highbush blueberry-producing countries in the world
were (in million t): the USA (270), Chile (125), Canada (73), Spain (30), China
(28), Argentina (18), Poland (16), Peru (16), Mexico (17) and Morocco (12)
(Brazelton and Young, 2017).

CLIMATES OF MAJOR PRODUCTION REGIONS

Highbush blueberries are grown across a broad range of climatic zones includ-
ing: (i) climatic type I: mild, moist summers and very cold winters; (ii) climatic
type II: mild, moist summers and moderate winters; (iii) climatic type III: hot,
wet summers and mild winters; and (iv) climatic type IV: hot, dry summers and
mild winters.

Jilin Province in China, northern Italy, Germany, Michigan and New Jersey,
the Netherlands and Poland fall into the first climatic class with mild, wet sum-
mers and very cold winters (Tables 1.4 and 1.5). At these locations, winter
temperatures commonly fall below 0°C and summer temperatures are gener-
ally below 30°C. Chilling hours exceed 1000 h and the number of frost-free
days ranges from 130 to 180. Most of the soils in this climatic type are rich
organic sands or loams that do not require acidification. NHB cultivars are
commonly grown, with ‘Bluecrop’, ‘Duke’, ‘Elliott’ and ‘Jersey’ predominating,
and ‘Aurora’, ‘Draper’ and ‘Liberty’ being widely planted. In the coldest zones
of China, half-highs are also grown.

France, northern Japan, northern New Zealand, south-central Chile, the
Pacific Northwest and southern Australia have climates that fall into climatic
type II with mild, moist summers and moderate winters (Tables 1.4 and 1.5).
At these locations, chilling hours generally exceed 600 h, average winter low
temperatures are above freezing and the number of frost-free days ranges from



Table 1.4. Climates of major North American highbush and rabbiteye blueberry production regions. (Adapted from Lyrene, 2008;
National Centers for Environmental Information, https://www.ncdc.noaa.gov; accessed 15 January 2015.)

Rainfall (mm)

Temperature (°C)

Mid- Mid- Mid- Mid- Chilling
summer summer  winter winter  Frost-free  hours
Region State City Annual Summer high low high low days (<7°0)
Atlantic North Carolina ~ Wilmington 1378 478 33.0 21.0 14.0 1.5 246 500-800
North-east New Jersey Hammonton 1097 284 30.0 19.0 5.0 -4.5 182 1000+
Mid-west Michigan Holland 1021 294 27.0 14.0 -2.0 -10.0 156 1000+
South-east  Florida, north Gainesville 1234 495 33.5 22.5 22.0 10.0 285 150-350
Florida, central ~ Orlando 1228 528 33.0 21.5 19.0 6.0 315 400-500
Georgia Alma 1248 432 33.5 22.0 17.0 5.0 250 450-600
Mississippi Poplarville 1606 414 33.5 22.0 15.5 3.5 256 450-600
North-west ~ British Columbia Vancouver 1201 134 21.5 13.0 6.0 0.5 170 1000+
Oregon Corvallis 1168 92 28.0 13.5 9.0 2.0 190 1000+
Washington Vancouver 1267 71 25.0 12.0 7.5 0.0 177 1000+
South-west  California Bakersfield 163 5 36.0 21.0 13.5 4.0 277 450-550
Mexico Guadalajara 927 676 32.4 16.8 26.5 10.2 365 0
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Table 1.5. Climates of major global highbush and rabbiteye blueberry production regions. (Adapted from Novoa et al., 1989; Lyrene,

2008; World Meteorological Organization, https://www.wmo.int/pages/index_en.html; accessed 15 January 2018.)

Rainfall (mm)

Temperature (°C)

Chilling
Mid-summer Mid-summer Mid-winter Mid-winter  hours
Region State City Annual  Summer high low high low (<7°0)
Africa South Africa Cape Town 515 52 26.1 15.7 17.5 7.0 400-600
Morocco Casablanca 300 1 26.7 18.6 17.1 10.5 0-200
Asia China Dalian 632 405 26.1 20.7 -0.9 7.7 1000+
Kunming 560 380 25.0 16.7 18.9 3.9 0-100
Japan Tokyo 1465 481 30.8 24.2 9.8 2.1 1000+
Europe Poland Warsaw 520 203 23.6 12.9 0.4 -4.8 1000+
Germany Hamburg 773 224 22.1 12.7 3.5 -1.4 1000+
France Bordeaux 986 179 22.6 15.2 10.0 2.8 1000+
Spain Huelva 490 16 29.6 21.4 16.1 7.0 200-400
Netherlands ~ Amsterdam 778 194 21.8 12.5 5.4 0.2 1000+
Italy Venice 810 154 27.5 17.8 5.8 -0.9 1000+
Pacific Rim Australia Coffs Harbour 1704 570 27.0 19.0 19.1 7.0 400-500
Melbourne 665 154 24.8 14.5 13.4 5.9 800+
New Zealand Auckland 1135 246 25.0 14.0 16.0 7.0 800+
South America  Chile Santiago 311 3 29.7 13.0 14.9 3.9 800+
Chile Osorno 1383 160 23.8 8.6 11.3 3.8 800+
Peru Trujillo 15 2 26.2 18.2 22.0 15.6 0
Argentina Buenos Aires 1215 348 30.4 20.4 14.9 7.4 300-400
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170 to 200 (or more). The soils vary from sands and loams with high organic
content and low pH to mineral soils requiring acidification. NHBs predominate
with Aurora’, ‘Bluecrop’, ‘Brigitta’, ‘Draper’, ‘Duke’, ‘Elliott’, ‘Legacy’, ‘Liberty’
and ‘Reka’ being the most common.

Argentina, Mexico, northern New South Wales, southern China, north-
central Chile, south-eastern USA and Uruguay represent climatic type III with
hot, wet summers and mild winters (Tables 1.4 and 1.5). At these locations,
available chilling hours (<7°C) are low, ranging from 0 (Mexico) to 500-800 h
in North Carolina. Low winter temperatures generally remain above freezing,
summer temperatures average above 28—-30°C and the number of frost-free
growing days exceeds 250. Mexico has the most unique climate of the group,
being the only one with no chilling hours and mostly dry winters. These
regions generally have mineral soils with a high clay content that require acidi-
fication. SHBs predominate in these zones, with ‘Emerald’, ‘Jewel’ and ‘Star’
being the most widely planted. The intermediate highbush cultivar ‘Legacy’
has made recent inroads in North Carolina. The SHB ‘Biloxi’ is the most wide-
spread cultivar planted in Mexico but is being replaced by newer public and
proprietary cultivars.

North-central Chile, Peru, Morocco, Colombia, southern South Africa and
Spain represent climatic type IV with hot, dry summers and mild winters (Table
1.5). Chilling hours are generally between 250 and 450h, mean winter low
temperatures rarely fall below freezing, summer temperatures average above
30°C, and growing seasons exceed 250 days. Most of these regions have min-
eral soils with a high clay content that require acidification, although fields in
northern Peru (near Trujillo) are planted on almost pure sand. Only SHBs are
grown in this climate type, with University of Florida cultivars often dominat-
ing, although several proprietary cultivars now compete for hectarage. In
Peru, ‘Biloxi’ has been the most widely planted cultivar, but its importance is in
decline.

CULTURAL CONDITIONS OF MAJOR PRODUCTION
REGIONS

There is considerable variation across the blueberry-growing regions in pro-
duction systems. In eastern and mid-western USA, south-central Chile, Japan
and the cold climates of Europe, plants are typically planted in the spring at
in-row spacings of 1.0—1.2 m with 3 m between rows (‘pick-your-own’ in Japan
is at 2 m spacing). Most plantings are on natural acidic soils with high levels of
organic matter (>3%). Pine chips or sawdust is sometimes used for mulching,
most commonly in Chile. Overhead irrigation is more common than trickle
irrigation in these areas where frost protection is critical. Dormant pruning is
done annually or biannually by removing the least productive canes; only
limited fine pruning in the canopy is employed, except in Chile. Fertilizer is
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generally broadcast on the soil in the eastern USA and Europe, while fertiga-
tion is most common in Chile.

In the Pacific Northwest, southern USA, north-central Chile, Argentina
and Spain, higher-density plantings are generally used (0.7-0.9 m within rows
and 3 m between rows), on raised beds, with considerable attention often paid
to pH management. Plants are commonly set in the autumn or early winter.
Plastic mulches are common, along with sawdust and pine bark. Trickle irriga-
tion is more prevalent than overhead irrigation, and fertigation is commonly
employed.

Growth regulators (e.g. Dormex®) are commonly used in the southern
USA to enhance leaf development in the spring and advance ripening in SHB
blueberries. Gibberellic acid has been used to increase fruit set and to ‘rescue’
frost-damaged rabbiteyes in Georgia. Rabbiteye and highbush blueberries are
commonly hedged to control plant size, encourage branching and enhance
fruit set.

While most of the highbush hectarage across the world is grown in open
fields, protected culture is becoming increasingly important in the earliest pro-
duction regions such as Spain, Mexico, Chile and Florida to speed up harvesting
and protect against rain damage (Santos and Salame-Donoso, 2012). Hail-
proof netting is used in Argentina and Mexico for season extension and hail
protection. Netting is also used in Australia to protect against hail and birds.
Shading nets were tested in Chile and the USA to delay the harvest and prevent
sunburn of leaves and fruit (Lobos et al., 2012), but have not been widely used.

WORLDWIDE PRODUCTION PATTERNS

Blueberry fruit is now available all year around across the world (Tables 1.6
and 1.7). In North America, the season starts in Florida in March, followed
soon by California, then Georgia and the Gulf Coast in mid-April. North Caro-
lina begins harvesting in mid-May, followed by New Jersey, Oregon and Wash-
ington in mid-June and finally Michigan in July. The last fruit comes out of
Michigan in late September and Washington, and from British Columbia in
mid-October. The fruit is exported to North America from South America in the
northern hemisphere’s autumn and winter, starting with Peru and then
Argentina in September, and finishing with southern Chile in mid-March. The
fruit is harvested in Mexico from October to February.

Most of the fruit coming out of Florida, Mexico, California, New Jersey and
North Carolina is sold fresh (Table 1.6). Close to half of the fruit harvested in
Georgia, Michigan and Oregon goes to the fresh market, while 29-39% of the
fruit produced in British Columbia and Washington is sold fresh. Most of
the fruit going to the fresh market is harvested by hand, although the use
of machines is now common. Almost all of the processed fruit is harvested by
machine.
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Table 1.6. Production and marketing patterns in major North American highbush
blueberry production regions. (Adapted from Brazelton, 2015.)

Utilization (%)

Region State Season Fresh Processed
Atlantic North Carolina  Mid-May to August 75 25
Mid-west  Michigan July to late September 48 52
North-east New Jersey Mid-June to early August 91 9
North-west British Columbia Mid-July to mid-October 39 61
Oregon Mid-June to mid-September 45 55
Washington Mid-June to mid-October 29 61
South-east Florida March to mid-June 100 0
Georgia Mid-April to mid-August 58 42
South-west California March to mid-july 83 17
Mexico October—February 100 0

In Europe, the season starts in March in Spain and Portugal, followed by
Italy beginning in June, France and the Netherlands in July, Germany in mid-
July and Poland in August. The last fruit in Europe is picked in late September.
Most of the European fruit is hand harvested and goes to the fresh market
(Table 1.7).

In South America, Argentina produces fruit from mid-September to
January. Chile starts a little later, from October to mid-March. Peru can pro-
duce fruit in two seasons — March—April and September—December. Most of the
Argentinean, Chilean and Peruvian fruit is sold fresh and hand harvested
(Table 1.7).

Australia begins shipping fruit to Europe and Asia in August and contin-
ues until February. New Zealand begins harvesting in November and its season
ends in March. The season begins in China in April, but most fruit is produced
in the autumn. Japan produces blueberry fruit from May to mid-August. The
fruit from South Africa is produced from August to January and that from
Morocco from December to June. The majority of the African, Asian and Pacific
Rim fruit is hand harvested and goes to the fresh market (Table 1.7).

CONCLUSIONS

While highbush and rabbiteye blueberries are native to the USA, they have
now become an international crop, being widely planted in North America,
South America, Europe, China and the Pacific Rim. Most of this growth has
come in the last 15-25 years. Traditionally, the greatest amount of hectarage
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Table 1.7.  Production and marketing patterns in major global highbush blueberry
regions. (Adapted from Brazelton, 2015.)

Utilization (%)

Region State Season Fresh Processed
Africa South Africa August-January 92 7
Morocco December—june 97 3
Asia China April to mid-October 80 20
Japan May to mid-August 82 18
Europe Poland August-September 90 10
Germany Mid-July to September 93 7
France July—August 98 2
Netherlands  July-September 91 9
Spain/Portugal March—June 100 0
Italy June-September 96 4
Pacific Rim Australia August—February 90 10
New Zealand November-March 73 27
South America Chile October to mid-March 83 17
Argentina Mid-September to January 81 19
Peru March-April, September— 100 0

December

has been in Michigan, but the amount of land planted to blueberries is now
larger in Chile, Georgia and British Columbia. The blueberry industries China,
Peru, Mexico, Spain and Morocco are growing at a fast rate. Highbush blueber-
ries are grown across a broad range of environmental conditions ranging from
hot, dry climates with limited chilling hours (<7°C) to cold, wet climates with
considerable chilling hours. SHB types are grown where chilling hours are less
than about 550h, while NHBs are grown in regions with more chilling hours.
Highbush blueberries are typically grown at in-row spacings of 1.0-1.2m
with 3 m between rows. Overhead irrigation is more common than trickle irri-
gation, and annual dormant pruning is typical. SHBs are generally grown at
closer spacings, with trickle irrigation being most common, and the bushes are
typically hedged after harvesting for size control. Most of the highbush hecta-
rage across the world is in open fields, although protected systems are common
in many early production regions. Blueberry fruit is now available all year
around. In the northern hemisphere, harvesting begins in Florida, Spain and
North Africa in March and ends in the Pacific Northwest and Poland in late
September. In the southern hemisphere, harvesting starts in August in
Australia and ends in Chile in March.
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BLUEBERRY TAXONOMY AND BREEDING

TAXONOMY OF BLUEBERRIES

The genus of blueberries, Vaccinium, is widespread, with species being found in
the Himalayas, New Guinea and the Andean region of South America. The
origin of the genus is thought to be South American, and estimates of species
numbers range from 150 to 450. Crop species are found in the sections
Cyanococcus (blueberries), Oxycoccus (cranberries), Vitis-idaea (lingonberry)
and Myrtillus (bilberry, whortleberry). Many of the species in the genus are
polyploid and carry multiple sets of chromosomes. Chromosome numbers
range from diploid (2n=2x=14) to tetraploid (2n=4x=28) to hexaploid
(2n=6x=42).

Most blueberry production comes from cultivars derived from tetraploid
V. corymbosum L. (highbush blueberry), hexaploid V. virgatum Ait. (rabbiteye
blueberry; syn. V. ashei Reade) and native stands of tetraploid V. angustifolium
Ait. (lowbush blueberry). The cultivated hexaploid blueberry has long been
referred to by horticulturists as V. ashei but is more correctly called V. virgatum,
as a type specimen of this taxon was originally described as V. virgatum in
Hortus Kewensis in 1789 (US National Germplasm System).

The identification of species in the blueberry subgenus Cyanococcus has
been problematic due to polyploidy, overlapping morphologies, extensive
hybridization and a general lack of chromosome differentiation. In the first
detailed taxonomy of the group, Camp (1945) described nine diploid, 12 tetra-
ploid and three hexaploid species, but Vander Kloet (1980, 1988) reduced this
list to six diploid, five tetraploid and one hexaploid taxa. He included all the
crown-forming species into V. corymbosum with three chromosome levels (2x,
4x and 6x).

Most blueberry workers feel that the variation patterns in V. corymbosum
are distinct enough to retain Camp’s diploid Vaccinium elliottii Chapm., Vaccin-
ium caesariense Mack. and Vaccinium fuscatum Ait., tetraploid Vaccinium simula-
tum Small and hexaploid V. ashei Reade and Vaccinium constablaei A. Gray (Luby

18 © ).B. Retamales and J.F. Hancock 2018. Blueberries, 2nd Edition
(J.B. Retamales and J.F. Hancock)
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etal., 1991; Galletta and Ballington, 1996; Table 2.1). This is the classification
system used by the USDA National Resources Conservation Service. Others
have chosen to use the designation ‘forma’ to represent these taxa; i.e.
V. corymbosum forma caesariense (Ehlenfeldt and Ballington, 2012).

There is also an ongoing debate on the correct species name of the culti-
vated tetraploids. Camp considered the progenitor of the cultivars to be what
he recognized as Vaccinium australe. Uttal (1986) argued that Camp’s V. australe
was more appropriately named Vaccinium formosum and considered V. formo-
sum to be the cultivated species epithet. Utall’s conclusion was based on Camp’s
apparent mistaken identity of a type specimen. Vander Kloet (1988) did not
recognize either V. australe or V. formosum, and thus in his taxonomy the culti-
vars would be represented by V. corymbosum. V. corymbosum is now most com-
monly listed as the progenitor species of the cultivars, but V. formosum is still
used in some taxonomic treatments (Uttal, 1987; Weakley, 2007).

Further confusion about the correct species name for the cultivars has
been added in the last few decades as more and more different species have
been introgressed into the cultivar background by breeders (see section on
Use of Native Germplasm Resources in Blueberry Breeding). For this reason,
Butkus and Plizka (1993) suggested that the cultivars be given a separate spe-
cies name, Vaccinium x covilleanum. Ballington et al. (1997) argued that native
V. corymobosum was actively hybridizing with other species itself, so remained
an appropriate epitaph for the cultivated forms.

The tetraploid highbush blueberry V. corymbosum is genetically an autopol-
yploid, with two sets of similar chromosomes (Soltis et al., 2007). The primary
mode of speciation in Vaccinium has been through unreduced gametes (Qu and
Hancock, 1995; Vorsa and Rowland, 1997; Qu and Vorsa, 1999).

HISTORY OF IMPROVEMENT

Blueberry breeding is arecent development (Lyrene, 1998; Hancock, 2006a,b).
Highbush breeding began in the early 1900s in New Jersey, with the first hybrid
being released in 1908 by Frederick Coville of the USDA. He conducted the
fundamental life history studies of the blueberry that served as the basis of
cultivation, such as soil pH requirements, cold and day-length control of devel-
opment, pruning strategies and modes of propagation. Working with Elizabeth
White and others, he collected several outstanding wild clones of V. corymbo-
sum and V. angustifolium, which he subsequently used for breeding improved
types. A high percentage of the current blueberry hectarage is still composed
of his hybrids, most notably ‘Berkeley’, ‘Bluecrop’, ‘Blueray’, ‘Croatan’, ‘Jersey’,
‘Rubel’ and ‘Weymouth’ (Mainland, 1998, 2011).

George Darrow assumed the USDA programme after Coville died in 1937
and made important contributions on the interfertility and phylogeny of the
native Vaccinium spp. in cooperation with the taxonomist W.H. Camp
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Table 2.1.

Hancock et al., 2008.)

Important native species of the genus Vaccinium. (Adapted from

Section Species Ploidy  Location
Batodendron V. arboreum Marsh 2x South-east North America
Cyanococcus V. angustifolium Ait. 4x North-east North America
V. virgatum Ait. (syn. 6x South-east North America
V. ashei Reade)
V. boreale Hall & Aald. 2x North-east North America
V. constablaei Gray 6x Mountains of south-east
North America
V. corymbosum L. 2x South-east North America
V. corymbosum L. 4x East and mid-western North
America
V. darrowii Camp 2x South-east North America
V. fuscatum Ait. 2x Florida
V. myrtilloides Michx. 2x Central North America
V. pallidum Ait. 2x, 4x Mid-Atlantic North America
V. tenellum Ait. 2x South-east North America
V. elliottii Chapm. 2x South-east North America
V. hirsutum Buckley 4x South-east North America
V. myrsinites Lam 4x South-east North America
V. simulatum Small 4x South-east North America
Oxycoccus V. macrocarpon Ait. 2x North America
V. oxycoccos L. 2x, 4x, 6x Circumboreal
Vitis-Idaea V. vitis-idaea L. 2x Circumboreal
Myrtillus V. cespitosum Michx. 2x North America
V. chamissonis Bong. 2x Circumboreal
V. deliciosum Piper 4x North-west North America
V. membranaceum Dougl.  4x West North America
ex Hook
V. myrtillus L. 2x Circumboreal
V. ovalifolium Sm. 4x North-west North America
V. parvifolium Sm. 2x North-west North America
V. scoparium Leiberg ex 2x North-west North America
Coville
Polycodium V. stamineum L. 2x Central and E. North America
Pyxothamnus V. consanguineum Klotzch ~ 2x South Mexico and Central
America
V. ovatum Pursh 2x North-west North America
V. bracteatum Thunb. 2X East Asia, China and Japan
Vaccinium V. uliginosum L. 2x, 4x, 6x Circumboreal
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(Hancock, 2006a). He formed a large collaborative testing network that
encompassed private growers and Agricultural Experiment Station scientists
in Connecticut, Florida, Georgia, Maine, Massachusetts, Michigan, New Jersey
and North Carolina. From 1945 to 1961, he sent out almost 200,000 seed-
lings to his cooperators for evaluation.

Arlen Draper followed Darrow and focused on incorporating the genes of
most wild Vaccinium spp. into the cultivated highbush background (Draper,
1995; Hancock, 2006b). He maintained and strengthened Darrow’s collabo-
rative network and released a prodigious number of SHB and NHB cultivars
with improved fruit colour and firmness, smaller pedicel scars and higher pro-
ductivity (Hancock and Galletta, 1995). His NHBs ‘Duke’ and ‘Elliott’ have
been huge successes, along with his last release, ‘Legacy’. The blueberry indus-
tries in Mexico and Peru were built on his SHB ‘Biloxi’. Mark Ehlenfeldt assumed
the USDA—Agricultural Research Service (ARS) programme in 1998.

Ralph Sharp began working in the 1950s in Florida on the development of
SHB types in collaboration with Darrow (Sharp and Darrow, 1959; Lyrene,
1998). He was the first collector of V. darrowii for breeding, and, until recently,
all SHB cultivars contained genes from his wild clones. Sharp and his colleague,
Wayne Sherman, developed ‘Sharpblue’, which was the first commercially suc-
cessful low-chill cultivar. Paul Lyrene took over the breeding programme in
1977 and released a group of landmark, low-chill cultivars. These proved criti-
cal to the worldwide expansion of the blueberry industry into subtropical and
Mediterranean climates.

Jim Ballington in North Carolina was a leader in incorporating wild south-
ern species into the highbush background and released several important cul-
tivarsincluding ‘O’Neal’ and ‘Reveille’. Jim Moore at the University of Arkansas
and his successor John Clark were also intent on generating highbush types
with complex species backgrounds, and released the once widely planted SHB
‘Ozarkblue’.

Stanley Johnston at Michigan State University spent a considerable
amount of time in the 1950s and 1960s improving the cold tolerance of high-
bush by crossing it with V. angustifolium. Out of this work came the half-high
cultivar ‘Northland’ and the mostly pure highbush type ‘Bluejay’, which was
released by his successor Jim Moulton. The programme was abandoned in
1978 but renewed in 1990 by Jim Hancock. He released ‘Aurora’, ‘Draper’ and
‘Liberty’, which have become dominant wherever northern highbush are
grown. ‘Draper’ has also proven to be an exceptional parent.

In the Pacific Northwest, Joseph Eberhart, in Olympia, Washington,
released three cultivars — ‘Olympia’, ‘Pacific’ and ‘Washington’ —in the 1920s
and 1930s. ‘Olympia’ is still grown today.

Outside the USA, blueberry breeding work was conducted in Australia,
Germany and New Zealand. Johnston sent open-pollinated seed to David Jones
and Ridley Bell in Australia in the 1960s that generated the important cultivar
‘Brigitta Blue’ (commonly known as ‘Brigitta’) along with several others.
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Narandra Patel at HortResearch Inc. in New Zealand released the cultivars
‘Nui’, ‘Puru’ and ‘Reka’ from breeding material initially provided by the Uni-
versity of Arkansas and the USDA at Beltsville in the 1960s and 1970s. Walter
Heermann in Germany working with seed provided by Frederick Coville
released several cultivars in the 1940s and 1950s including Ama’, ‘Blauweiss-
Goldtraube’, ‘Blauweiss-Zukertraube’, ‘Heerma’, ‘Gretha’ and ‘Rekord’.

Rabbiteye breeding was initiated in 1939 by George Darrow in collabora-
tion with Otis J. Woodard at the Georgia Coastal Plain Experiment Station
(Tifton, Georgia) and Emmett B. Morrow at the North Carolina Experiment
Station, although a collection of wild selections from Florida and Georgia had
been planted at Tifton in the 1920s (Austin, 1994). This work was continued
by Max Austin and then Scott NeSmith in Georgia, Gene Galletta followed by
Jim Ballington in North Carolina, and Ralph Sharp, Wayne Sherman and then
Paul Lyrene in Florida. These breeding programmes have resulted in significant
improvements in fruit colour, size, texture and appearance over the original
wild selections. The most important cultivars have been ‘Tifblue’ (1955) and
‘Brightwell’ (1971) from Georgia, ‘Bluegem’ (1970) and ‘Bonita’ (1985) from
Florida, and ‘Powderblue’ and ‘Premier’ (1978) from North Carolina. Rabbit-
eye cultivars were also bred in the New Zealand HortResearch Inc. programme
of Narandra Patel. Several releases came from this programme in the 1990s
including ‘Maru’ and ‘Rahi’.

Lowbush blueberries have been hybridized with V. corymbosum to produce
half-high cultivars. The major releases of this type were ‘Northland’ developed
by Stanley Johnston in Michigan and ‘Chippewa’, ‘Northblue’, ‘Northcountry’,
‘Northsky’, ‘St. Cloud’” and ‘Polaris’ released by Jim Luby in Minnesota. The
half-highs have much higher yields and larger fruit than lowbush but have
low enough stature to be protected by snow in areas with extreme winter
cold.

CURRENT BREEDING EFFORTS

The current goals of SHB breeders are to obtain early-ripening cultivars with
high plant vigour, improved disease resistance and a later flowering (particu-
larly in the south-east USA, where late freezes are a problem). Higher yields,
better flavour and characteristics favourable for mechanical harvesting are
also being sought. There is a growing interest in developing cultivars that fruit
on 1-year-old wood without chilling (primocane fruiting). These can produce
spring and autumn crops, or can be manipulated through pruning to only pro-
duce an autumn crop. Cultivars and advanced lines are being used to breed
SHBs, along with hybrids derived from native, low-chill highbush selections
from Florida and Georgia (V. darrowii, V. virgatum, V. elliottii and V. atrococcum).
Because of their low chilling requirement and the influence of genes from the
evergreen species V. darrowii, many SHB cultivars can be grown as evergreens
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that avoid dormancy in areas with mild winters, with a harvest season that
extends for several months through the winter and early spring (Darnell and
Williamson, 1997; Lyrene, 2008). Rabbiteye breeders hope to improve berry
size and fruit quality, expand harvest dates, reduce susceptibility to rain crack-
ing and extend storage life.

SHB cultivars are being developed at several public institutions including
North Carolina State University, the University of Florida, the University of
Georgia, and the USDA-ARS in Poplarville, Mississippi. At the University of
Florida, Jim Olmstead replaced Paul Lyrene in 2009 and was the first blueberry
breeder to incorporate molecular approaches into his genetic improvement
efforts. His focus was on very early, low- to no-chill types that can be grown in
an evergreen management system. He recently left the university to manage
the global blueberry berry improvement programme of Driscoll’s and has been
replaced by Patricio Munoz. Scott NeSmith at the University of Georgia has
generated several new early, mid-chill cultivars including ‘Camellia’, ‘Palmetto’
and ‘Rebel’. He also has an active rabbiteye breeding programme and his
‘Ochlockonee’ and ‘Titan’ have generated considerable interest. Steve Stringer
at the USDA-ARS in Mississippi has developed a number of promising new
cultivars, including the SHBs ‘Gupton’ and ‘Pearl’ and rabbiteye ‘Prince’. Jim
Ballington in North Carolina has successfully incorporated a vast array of
southern species germplasm into the highbush background and has generated
anumber of cultivars, including ‘New Hanover’, ‘O'Neal’ and ‘Reveille’. He has
retired and has been replaced by Hamid Ashrafi, who hopes to fully integrate
traditional and genomic approaches to blueberry improvement.

A number of large, private breeding programmes are also actively breed-
ing SHB types including Atlantic Blue in Spain (Juan Luis Navarro and Ulf
Hayler), Berry Blue LLC in Michigan, Chile and Peru (Ed Wheeler and Jozer
Mangandi), Driscoll’s in California (Jim Olmstead), Costa in Australia (Gary
Wright), Fall Creek Genetics (Paul Sandefur and Dave Brazelton) and Moun-
tain Blue Orchard in Australia (Ridley Bell). The genetics of all these SHB
breeding programmes came from germplasm provided contractually by the
University of Florida.

The Berry Blue programme is actively mixing southern- and northern-
bred germplasm to develop a new generation of cultivars for Florida, Georgia,
California, Mexico, China, Chile and Peru with chilling requirements from O
to 750h. The programmes of Driscoll’s, Costa and Mountain Blue are more
focused on very low-chill, evergreen types, but they still have their eyes on
global expansion. Costa licenses its cultivars to Driscoll’s, who are planting
them in California, Mexico, Chile and Peru. Driscoll’s and Costa have estab-
lished joint farming ventures in Australia, Morocco and China, near Shiping
in the Yunnan Province. Costa and Driscoll’s have licensed Mountain Blue
Orchard cultivars for their expansion into China. Fall Creek Genetics has
released only one SHB (‘Ventura’), but their nursery is doing most of the propa-
gation for the joint efforts of Driscoll’s and Costa.
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NHB breeders are concentrating on flavour, longer-storing fruit, expanded
harvest dates, disease and pest resistance, and machine harvestability. Estab-
lished breeding lines are being used in these efforts, along with complex hybrids
made up of V. darrowii, V. angustifolium, V. constablaei and most of the other wild
species. Even though it has limited winter hardiness, V. darrowii has proved to
be an interesting parent in colder climates because it passes on a powder blue
colour, firmness, high flavour, heat tolerance and potential upland adaptation
(Hancock, 1998).

NHBs are currently being bred in public breeding programmes in New
Jersey, Michigan, Oregon and Chile. Jim Hancock at Michigan State University
was replaced in 2015 by Pat Edger who will continue to focus on late, long-
storing cultivars. He plans to systematically incorporate genomics into his pro-
gramme. Mark Ehlenfeldt of the USDA programme in New Jersey is focusing
on identifying genotypes with high disease resistance and tolerance to winter
cold, and has released several cultivars including ‘Chanticleer’ and ‘Hannah'’s
Choice’. Nicholi Vorsa at the Cranberry and Blueberry Research Station of
Rutgers University is working to develop locally adapted NHB cultivars with
machine harvestability and high fruit quality. Chad Finn of the USDA-ARS has
recently released two novel cultivars: ‘Baby Blue’, the first small-fruited type
released primarily for the processed market, and ‘Perpetua’, which has early
summer and autumn harvest seasons. Jessica Scalzo is coordinating a joint
breeding effort in New Zealand (HortResearch Inc.) and Germany (Dierking
Blueberries), which is focusing on nutraceuticals and fruit quality.

Private programmes breeding NHBs include Berry Blue LLC, Fall Creek
Genetics and Driscoll’s Fall Creek Genetics has released a stable of cultivars
that are well adapted to almost all global environments where NHBs thrive,
except the coldest regions. The NHB efforts of Driscoll’s have produced culti-
vars best adapted to the milder areas of the Pacific Northwest and the UK.
Berry Blue has released several NHB cultivars that are well adapted to both
moderate and very cold winters.

BLUEBERRY BREEDING GOALS

Fruit and flowering characteristics

Among the most important characteristics being sought after by blueberry
breeders are flavour, large size, light blue colour (a heavy coating of wax), a
small scar where the pedicel detaches, easy fruit detachment for hand or
machine harvesting, firmness and a long storage life (Hancock et al., 2008).
Most people prefer a sweet, crunchy fruit with a trace of acidity; however, high-
acid fruits tend to store longer than low-acid ones. The best compromise is to
develop cultivars with high sugar and moderate amounts of acid. Other impor-
tant fruit characteristics are uniform shape, size and colour, high aroma and
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the ability to retain texture in storage. Much genetic improvement has been
made in all of these traits through conventional breeding. V. darrowii has been
a particularly important source of powder blue colour, intense flavour and fruit
that remain in good condition in hot weather.

Interest remains high in the antioxidant capacity of blueberry fruit,
although little breeding has been undertaken for this trait (Hancock et al.,
2008). Blueberries are among the most antioxidant-rich fruit crops. Genetic
improvement could be rapid, as considerable amounts of variability have been
observed in this trait.

Plant architecture

The most sought-after bush habit is one that is upright, open and vase shaped,
with a bush height of 1.5-2.0m and a modest number of renewal canes. This
is the ideal bush shape for both hand and mechanical harvesting. Many culti-
vars have been developed that meet this ideotype. In general, plant height
appears to be inherited quantitatively, although the short stature of V. angusti-
folium and V. darrowii can be dominant to highbush in many interspecific
crosses. High percentages of dwarf plants are found in many SHB breeding
populations.

Another common breeding goal is to identify genotypes that can easily be
picked, with open fruiting clusters and fruits that are well separated. Long pedi-
cels and peduncles are the major components of this feature. There is consider-
able genetic variability for this characteristic in the current highbush breeding
populations, but Paul Lyrene in Florida has also found the wild species
V. arboreum to be a valuable donor of this characteristic.

Due to limited labour availability and its cost, many highbush breeding
programmes are developing cultivars that can be harvested mechanically for
the fresh market. A number of traits must be incorporated to achieve this goal,
including an upright, open bush habit, loose fruit clusters, easy detachment
of mature berries compared with immature berries, no stem retention, a small
stem scar, a persistent wax layer and firm fruit (Olmstead and Finn, 2014).

Physiological adaptations

Expanding the range of adaptation of NHBs by reducing their chilling require-
ment has been an important breeding goal for over 50 years (Hancock et al.,
2008). This has been successfully accomplished by incorporating genes from
the southern diploid species V. darrowii into V. corymbosum via unreduced
gametes, although hybridizations with native southern V. corymbosum and
V. virgatum have also played a role. Cultivars are now available with an almost
continuous range of chilling requirements, from O to 1000 h. The genetics of
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the chilling requirement has not been formally determined; however, segrega-
tion patterns suggest that it is inherited largely quantitatively with the low
chilling requirement showing some dominance.

Most blueberry breeding programmes are working on expanding the
harvest season. Earliness is at a particular premium in the southern parts of
the USA, Spain, Argentina, Morocco, Colombia, Peru and north-central Chile,
while lateness is extremely important in Michigan, the Pacific Northwest and
southern Chile. Increases in earliness have been successfully achieved by
selecting for earlier bloom dates and shorter ripening periods, while lateness
has been increased primarily by selecting individuals with very slow rates of
fruit development. Bloom date is strongly correlated with ripening date, but
early-ripening cultivars have been developed that have later-than-average
flowering dates, such as ‘Duke’.

There is now major interest in developing cultivars that are specifically
adapted to regions with few to no chilling hours, such as southern Florida,
Mexico, Morocco and Peru. Two kinds of cultivars are being developed for
these climatic regions: (i) those that remain evergreen throughout the winter
and have a very early production season; and (ii) those that flower and fruit on
first-year wood without dormancy (primocane fruiting) and can produce both
spring and autumn crops. The latter can also be manipulated through pruning
to only produce an autumn crop.

A major focus of many blueberry breeders has also been adaptation to
heat. Most blueberry species are negatively impacted by high temperature and
drought; however, SHBs are generally superior to NHBs. Breeders have had
some success in producing more heat-tolerant cultivars, although the hottest
temperatures of summer still have a major impact on the storage life of
harvested fruit in all areas of blueberry production.

Spring frosts commonly damage flower buds in most production regions.
The stage of floral development when a frost occurs appears to be much more
important than relative bud hardiness. Those cultivars with late bloom dates
tend to suffer less frost damage than those flowering earlier because frosts are
less common later in the season. As previously mentioned, breeders have pro-
duced a number of early-ripening cultivars with later bloom dates that can
avoid frosts.

Winter cold often causes severe damage to blueberry flower buds and
young shoots in the colder production regions. In general, NHB types survive
much colder mid-winter temperatures than SHB cultivars, although consider-
able variability within groups exists that has been exploited by breeders.

Among the other abiotic factors limiting blueberries, high pH and toler-
ance to mineral soils are very important. The Vaccinium are ‘acid-loving’ plants
and as such generally require soils below pH 5.8 for high vigour. Most blue-
berry breeders have not focused on this characteristic, even though a number
of interspecific hybrids have been generated by Arlen Draper and Jim Ballington
that have considerable upland adaptations.
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Pest resistance

The most important problems in highbush and rabbiteye blueberries are
mummy berry (Monilinia vaccinii-corymbosi (Reade)), blueberry red ringspot
virus, blueberry stunt phytoplasma, blueberry scorch virus, blueberry shoe-
string virus, blueberry shock virus, tomato ringspot virus, bacterial leaf scorch
(Xylella fastidiosa), stem blight (Botryosphaeria dothidea (Moug.: Fr.) Ces and de
Not.), stem or cane canker (Botryosphaeria corticis Demaree and Wilcox), Phy-
tophthora root rot (Phytophthora cinnamomi Rands), Phomopsis canker (Phomop-
sis vaccinii Shear), Botrytis fruit rot (Botrytis cinerea Pers.: Fr.) and anthracnose
fruit rot [Colletotrichum gloeosporioides (Penz.) Penz. and Sacc.]. Resistant or
tolerant cultivars have been produced for most of the fungal diseases in high-
bush blueberries; however, only limited sources of resistance have been found
to most virus diseases. See Chapter 8 (this volume) for more detailed descrip-
tions of cultivar resistances.

The most important insect and arthropod pests of highbush and rabbiteye
blueberries include the blueberry maggot (Rhagoletis pomonella Walsh), blue-
berry gall midge (Dasineura oxycoccana Johnson), blueberry bud mite (Acalitus
vaccinii Keifer), flower thrips (Franklinellia ssp.), Japanese beetle (Popillia japonica
Newman), sharp-nosed leaf hopper (stunt vector) (Staphytopius magdalensis
Prov.), blueberry aphid (vector of the blueberry shoestring and scorch viruses)
(Illinoia pepperi Mac. G.), cranberry fruit worm (Acrobasis vaccinii Riley), cherry
fruit worm (Grapholita packardi Zell), plum curculio (Conotrachelus nenuphar
Herbst) and spotted wing Drosophila (Drosophila suzukii Matsumura). Little var-
iation in resistance has been reported to most of these pests in Vaccinium spp.,
except for the sharp-nosed leaf hopper, blueberry aphid, bud mite and gall
midge. See Chapter 8 (this volume) for more detailed descriptions of cultivar
resistances to these pests.

USE OF NATIVE GERMPLASM RESOURCES IN BLUEBERRY
BREEDING

Interspecific hybridization within the Vaccinium section Cyanococcus has played
a major role in the development of highbush blueberries. Most species with
similar chromosome numbers hybridize freely, and crosses between species
with different chromosome numbers are frequently successful, through
unreduced gametes. Even pentaploid hybrids of diploid x hexaploid crosses
have been shown to cross relatively easy to tetraploids.

Numerous interspecies crosses have been made by breeders within the
section Cyanococcus, including: (i) tetraploid V. corymbosum x tetraploid
V. angustifolium; (ii) tetraploid V. myrsinites Lam. x tetraploid V. angustifolium
and V. corymbosum; (iii) colchicine-doubled diploid hybrids of V. myrtilloides
Michx. x tetraploid V. corymbosum; (iv) diploid V. darrowiixhexaploid
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V. virgatum, (v) hexaploid V. constablaei x tetraploid V. corymbosum and hexa-
ploid V. virgatum; and (vi) diploid V. elliottii x tetraploid highbush cultivars
(Lyrene and Ballington, 1986; Hancock et al., 2008). Probably the most widely
employed interspecific hybrid has been US 75, a tetraploid derived from the
cross of diploid V. darrowii selection ‘Fla 4B’ xtetraploid highbush cultivar
‘Bluecrop’ (Fig. 2.1). In spite of its being a hybrid of an evergreen, diploid spe-
cies crossed with a deciduous, tetraploid highbush, US 75 is completely fertile
and is the source of the low chilling requirement of many SHB cultivars.

A number of important characteristics have been associated with the vari-
ous native species (Ballington, 1990, 2001; Luby et al., 1991; Galletta and
Ballington, 1996; Lyrene, 2008). V. angustifolium is known for its winter hardi-
ness, early ripening, blossom frost tolerance, adaptation to high pH, stem blight
and Phytophthora root rot resistance, light blue fruit colour, small scar, high
soluble solids and low acidity. V. virgatum possesses drought tolerance, a low
chilling requirement, an upright plant habit, late ripening, a long flowering-to-
ripening period, fruit firmness, a small scar, loose fruit clusters, resistance to
cane canker, stem blight and Phytophthora root rot, and resistance to sharp-
nosed leaf hopper. V. constablaei has strong winter hardiness, a high chilling
requirement and a light blue fruit colour. V. darrowii has a low chilling require-
ment, heat tolerance, resistance to mummy berry, adaptation to high pH,

Fig. 2.1. Morphological differences in hybrids of V. darrowii and V. corymbosum.
Left to right: V. corymbosum; backcrossed hybrid; F, hybrid (US 75); V. darrowii.
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tolerance to mineral soils, late flowering, late ripening, a long flowering-to-
ripening period, fruit firmness, excellent complex flavour, a small scar, a light
blue fruit colour, fruit that hold well in heat, high soluble solids and low acidity,
and a loose fruit that clusters. V. elliottii has drought tolerance, adaptation to
high pH, tolerance to mineral soils, a low chilling requirement, an upright
plant habit, late flowering, early ripening, small fruit scar, excellent flavour,
resistance to cane canker, stem blight, Phytophthora root rot and sharp-nosed
leaf hopper. V. myrsinites has a low chilling requirement, a small scar, low acid-
ity and firm fruit. V. myrtilloides has strong winter hardiness, early ripening,
blossom frost tolerance, resistance to mummy berry, a small scar, high soluble
solids and low acidity.

Intersectional crosses have generally proved difficult, although partially
fertile hybrids have been derived from V. tenellum and V. darrowii x V. stamineum,
V. darrowii and V. tenellum x V. vitis-idaea, V. darrowiix V. ovatum, V. arboreum x
V. stamineum, V. uliginosum x highbush cultivars, (V. darrowiix V. arboreum) x
highbush cultivars, colchicine-doubled V. arboreum x highbush cultivars, and
colchicine-treated V. staminiumxhighbush cultivars (Hancock et al., 2008;
Lyrene, 2011, 2016). Ehlenfeldt and Ballington (2012) produced seedlings
of V. darrowii (2x)xV. cylindraceum, V. corymbosum (4x)xV. cylindraceum,
V. corymbosum forma ashei (6x)x V. smallii, and (V. darrowiix V. cylindraceum)
(4x)x V. corymbosum. Tsuda et al. (2013) have generated hybrids between
colchicine-induced tetraploid V. bracteatum and the NHB cultivar ‘Spartan’.

Of all the wide species crosses, those containing V. arboreum are probably
the most interesting as this species is known for its drought tolerance, adapta-
tion to basic mineral soils, open flower clusters, upright bush habit, stem blight
resistance and resistance to sharp-nosed leaf hopper. Lyrene (2011, 2013) has
produced numerous fertile F, hybrids of V. arboreum x V. corymbosum.

Many of the highbush cultivars that have been released in the last 25
years are complex hybrids (Table 2.2). Among the SHB types, almost all of the
native southern species are represented. V. darrowii is in most pedigrees, but
some also have high proportions of V. elliottii (‘Carteret’, ‘Flicker’ and ‘Snow-
chaser’), V. arboreum (‘Meadowlark’) and V. fuscatum (‘Biloxi’ and ‘Millennia’).
‘Carteret’ stands out as an SHB in that it has no genes of V. darrowii. The NHB
types are not as diverse as the SHB ones, although many now have a significant
proportion of V. darrowii genes in their background, and minor contributions
from V. tenellum and V. virgatum. Most SHBs have some genes of the northern
species V. angustifolium.

Many cultivars have very complex backgrounds. Some of the most dra-
matic examples are ‘O’Neal’, which contains genes from four species (V. corym-
bosum, V, darrowii, V. virgatum and V. angustifolium) and ‘Biloxi’, ‘Cara’s Choice’
and ‘Sierra’, which are composed of the genes of five species (V. corymbosum,
V. darrowii, V. virgatum V. constablaei and V. angustifolium). ‘Biloxi’ actually has
fewer V. corymbosum-derived genes than non-V. corymbosum genes in its
genome.
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Table 2.2.  Species background of representative NHB and SHB cultivars.

Northern species

(%)P Southern species (%)°

Type and
cultivar Programme? Year COR ANG CON DAR ELL FUSTEN VIR ARB
NHB

‘Rubel’ USDA 1911 100

‘Jersey’ USDA 1928 100

‘Bluecrop’ USDA 1952 87 13

‘Croatan’ USDA 1954 62 38

‘Elliott/ USDA 1973 100

‘Duke’ USDA 1986 96 4

‘Sierra’ USDA 1988 48 2 15 20 15

‘Reveille’ NCSU 1990 90 4 3 <1 2

‘Chandler’ USDA 1994 97 3

‘Cara’s USDA 2005 48 2 15 20 15

Choice’

‘Draper’ MSU 2003 90 6 2 <1 1

‘Liberty’ MSU 2003 100

‘Huron’ MSU 2012 75 25

‘Osorno’ MSU 2014 95 3 1 <1 <1

‘Calypso’ MSU 2014 87 13

‘Top Shelf’ FCG 2014 83 6 6 1T 4

‘Last Call’ FCG 2014 88 2 6 4
SHB

‘Avonblue’ UF 1976 84 1 5 8

‘Sharpblue”  UF 1976 53 2 29 15

‘Star’ UF 1981 78 8 7 1T 6

‘Millennia’ UF 1986 80 5 1 13 2

‘O’Neal’ USDA/ 1987 83 10 2 5

NCSU

‘Legacy’ USDA 1988 75 25

‘Misty’ UF 1989 85 1 6 1 6

‘Emerald’ UF 1991 82 2 14 <1 2

‘Ozarkblue’  UA 1996 76 4 12 8

‘Biloxi’ USDA 1998 47 2 33 7 11

‘Sampson’ NCSU 1998 76 11 13

‘Lenoir’ NCSU 2003 84 3 13

‘Carteret’ NCSU 2005 71 4 25

‘New NCSU 2005 78 2 14 6

Hanover’

‘Camelia’ UG 2005 74 2 20 4
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Table 2.2. continued.

Northern species

(%)P Southern species (%)°
Type and
cultivar Programme?® Year COR ANG CON DAR ELL FUSTEN VIR ARB
‘Rebel’ uG 2006 78 5 15 2
‘Snowchaser’” UF 2007 65 5 8 19 1 2
‘Flicker’ UF 2010 66 <1 1219 1T 1
‘Meadowlark’ UF 2010 75 13 12

aFCG, Fall Creek Genetics; MSU, Michigan State University; NCSU, North Carolina State
University; UA, University of Arkansas; UF, University of Florida; UG, University of Georgia;
USDA, US Department of Agriculture.

PANG, V. angustifolium; ARB, V. arboreum; CON, V. constablaei; COR, V. corymbosum; DAR,
V. darrowii; ELL, V. elliottii; FUS, V. fuscatum; TEN, V. tenellum; VIR, V. virgatum.

BREEDING TECHNIQUES

Blueberries are propagated asexually through cuttings and tissue culture, so
elite genotypes can be utilized directly without the need to develop pure lines.
Self-pollinations are rarely used in Vaccinium breeding due to reduced seed set
and germination, and because seedlings from selfing tend to be weak. Most
breeding programmes have relied primarily on pedigree breeding where elite
parents are selected in each generation for intercrossing. The Florida SHB and
rabbiteye breeding programmes have also employed recurrent selection.

Historically, in most NHB breeding programmes, evaluation begins 2 years
after planting and selections are made over the next 2 years. Traditionally, the
selected seedling plants were dug and moved to further spacing distances and
evaluated for another year or two, before the most elite types were propagated
and tested in rows of 25-50 plants for several years. The most promising selec-
tions from this row trial were then again propagated and tested in small num-
bers (five to ten plants) in replicate designs across multiple sites. The whole
process took 15-20 years for the release of a new cultivar from the original
Cross.

More accelerated programmes are now being conducted by some NHB
breeders, where the selected plants in the original planting are propagated and
tested directly in replicated plantings at multiple sites. It is expected that about
1% of the progeny plants will go into this trial. After 3—5 years, the elite types
will be released as cultivars. This approach can speed the release time to 8—10
years, even though it will result in the final testing of a larger number of ulti-
mately rejected genotypes.

Most breeding programmes set the plants at spacings of about 60 cm apart
in the row, although many use a higher density, with the extreme being the
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Florida breeding programme, which does its primary selections in a ‘fruiting
nursery’ at much closer spacings of 10,000-15,000 seedlings in a 0.2 ha field
nursery. In the close-spaced SHB programme, the first selections are made
within 12 months of planting (stage I). Ninety per cent of the seedlings are
removed and the remaining plants are left in place for a further 3 years (stage
II). Each year, they are evaluated for possible advancement to stage III, with
about 300 selections being advanced each year into 15-plant plots. These
plantings are observed for 10 years, with about 15 clones being selected each
year and propagated for planting at multiple locations in larger plots (stage IV).
Cultivars are ultimately selected from these blocks at a rate of about one geno-
type from each stage IV test (Lyrene, 2008). The fastest-moving cultivars can
go through this system in 10—12 years, although many are evaluated for much
longer.

One problematic issue in the selection process of highbush cultivars for
large commercial plantings of one genotype is the self-fruitfulness of a selec-
tion. Inherently, breeders’ trials are heterogeneous in the composition of geno-
types, selections and standards being tested, which usually facilitates the
opportunity for cross-pollination, resulting in a quite different environment
from that of commercial plantings. Efforts must be made to test the self-
fruitfulness of cultivars before release. This can be done by comparing the
performance of selfed versus outcrossed hand pollinations.

BIOTECHNOLOGICAL APPROACHES TO BLUEBERRY
GENETIC IMPROVEMENT

Micropropagation

Blueberries are now routinely micropropagated for commercial sale using
tissue culture techniques (Hancock et al., 2008). Axillary meristems are used
as explants. The basic micropropagation steps include surface sterilization,
proliferation and rooting. Lloyd and McCown'’s (1980) woody plant medium
(WPM) or modified WPM is the most important basal medium used for
all  Vaccinium spp. The cytokinins, 6-(y,y-dimethylallylamino)-purine
(2-isopentenyladenine (2iP)) and zeatin, are generally used for shoot pro-
liferation. Most Vaccinium cultures are maintained at 20-25°C under a 16h
photoperiod of 10-75 umol/m?/s. Rooting is generally done under mist in the
greenhouse or in covered flats.

Genetic linkage maps

The first genetic maps of blueberries have emerged and will set the ground-
work for marker-assisted breeding. Rowland’s group at the USDA-ARS in
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Beltsville, Maryland, developed the first blueberry map using a diploid popula-
tion segregating for chilling requirement (Rowland and Levi, 1994). Their
population was a cross between an F, interspecific hybrid (V. darrowii x V. elliot-
tii) and another clone of V. darrowii. The map had 72 randomly amplified poly-
morphic DNA (RAPD) markers mapped to 12 linkage groups, which is in
agreement with the basic chromosome number of blueberry.

Later, her group constructed genetic maps of an F, hybrid of a low chill-
ing, freezing-sensitive V. darrowii selection and a hybrid of two high chilling,
freezing-tolerant diploid V. corymbosum selections. The goal was to develop
populations that segregate for chilling requirement and cold tolerance. First,
RAPD markers and more recently simple sequence repeat (SSR) (Rowland
et al., 2003a; Boches et al., 2005, 2006) and expressed sequence tag polymer-
ase chain reaction (EST-PCR) markers were added to this map. A quantitative
trait locus (QTL) was identified that explained about 20% of the genotypic vari-
ance associated with cold hardiness (Rowland et al., 2003b).

Rowland has continued to add markers to this map and, at the last report,
it spanned 1448.7cM and included 280 RAPD, SSR, EST-PCR and single
nucleotide polymorphism (SNP) markers. The estimated map coverage is
85.7%, and the average distance between markers is 5.6 cM (Rowland et al.,
2014).

This updated mapping population was used to identify QTLs for mid-winter
bud cold hardiness and chilling requirement under controlled conditions. The
authors discovered high broad-sense heritability for both cold hardiness (0.88)
and chilling requirement (0.86). They identified one QTL for cold hardiness
and one for chilling requirement that were consistent over 2 years, and a sec-
ond weaker QTL for chilling requirement that was detected in only 1 year.

Hancock’s group at Michigan State University constructed an RAPD-
based genetic map of a tetraploid population resulting from the cross of US
75 x tetraploid V. corymbosum, ‘Bluecrop’ (Qu and Hancock, 1997). A total of
140 markers were mapped to 29 linkage groups. The map was essentially that
of V. darrowii, as US 75 was produced from an unreduced gamete of V. darrowii
and only unique markers for ‘Fla 4B" were used. ‘Fla 4B’ was included in the
parentage of Rowland’s map (Brevis et al., 2007).

More recently, McCallum et al. (2016) developed a linkage map of the
tetraploid cross ‘Jewel’ (SHB)x ‘Draper’ (NHB), as part of a grant funded
through the Specialty Crop Research Initiative (SCRI) of the USDA (Rowland
etal., 2011). In total, 1794 SNPs and 233 SSRs were identified that exhibited
segregation patterns consistent with an autotetraploid. Of these, 700 SNPs
and 85 SSRs were used to construct a genetic map of ‘Draper’ and 450 SNPs
and 86 SSRs for a ‘Jewel’ map. The ‘Draper’ map comprises 12 linkage groups
and totals 1621 cM, while the ‘Jewel’ map comprises 20 linkage groups and
totals 1610 cM.

The ‘Jewel’ x ‘Draper’ map is being used to identify QTL for a broad range
of developmental and fruit characteristics in collaboration between the public
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sector principle investigators of the original SCRI grant, and researchers at
General Mills and Berry Blue. The ‘Jewel x ‘Draper’ family was planted and
phenotyped at Corvallis, Oregon (Chad Finn), Gainesville, Florida, and Manor,
Georgia (Jim Olmstead and Rachel Itle), Grand Junction, Michigan (Ed Wheeler)
and Inverness, UK (Susan McCallum and Julie Graham). Over a 2-year period,
data were collected at all the sites for plant size, yield, rate of flower, bud and
fruit development, leafing ability, fruit quality (firmness, scar, flavour, size, sol-
uble solids and acidity) and chilling requirement.

Genomic resources

Several research groups have been actively developing genomic resources for
blueberry crop improvement. The first few thousand ericaceous ESTs were gen-
erated and made publicly available for the family Ericaceae about a decade ago
(Rowland et al., 2008, 2011). The ESTs from blueberry (5000) were from non-
acclimatized and cold-acclimatized flower bud libraries (Dhanaraj et al., 2004,
2007). Around another 16,000 ESTs were generated from blueberry fruit by
the New Zealand Institute for Plant & Food Research Ltd (formerly HortResearch
Inc.) but were not made publicly available.

Rowland’s group has utilized transcriptome sequencing to find the genes
regulating dormancy induction and release (Die and Rowland, 2013). Her
group has annotated 454 sequence assemblies from two blueberry cDNA
libraries that represent flower buds in the first and second stages of cold accli-
mation and have identified transcripts related to carbohydrate metabolism and
lipid metabolism that are associated with different stages of cold acclimation
(Die and Rowland, 2014). They have generated transcriptome sequences from
blueberry fruit at different stages of development (Rowland et al., 2012) and
have investigated the proteome-level changes that occur in flower buds with
increasing exposure to chilling temperatures (Die et al., 2016).

A draft genome of the diploid V. corymbosum selection ‘W8520" has been
generated at North Carolina State University by a de novo hybrid approach uti-
lizing Roche 454 and Illumina GAIIx libraries. The draft represents more than
25,000 genes and covers 500 million base pairs. This effort was spearheaded
by Allen Brown at the Plants for Human Health Institute in Kannapolis, North
Carolina, and is being carried on with a number of collaborators led by Robert
Reid in the Bioinformatics Department at the University of North Carolina at
Charlotte (Reid et al., 2016). A total of 43,594 SSRs were identified in the draft
‘W8520’ sequence, with dinucleotide repeats being the most abundant repeat
types in all genomic regions except in probable gene-coding sequences (Bian
etal., 2014). A sample of these new genomic SSR and previously available EST-
SSR markers was used to evaluate genetic diversity and population structure
across 150 blueberry accessions. Rabbiteye blueberry proved to be distinct
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from other species and three subpopulations were detected including NHBs
and SHBs and accessions related to the NHB ‘Weymouth’.

Pat Edger at Michigan State University is in the process of sequencing the
tetraploid cultivar ‘Draper’. The Loraine laboratory at the University of North
Carolina has worked on identifying candidate genes in the cultivated tetra-
ploids that are involved in synthesis of bioactive compounds and other biosyn-
thetic pathways (Gupta et al., 2015). To characterize gene expression patterns,
Illumina and 454/Roche sequencing of cDNA was done on samples of green
and ripe fruit, from plants of the SHB ‘O’Neal’. As expected, dynamic gene
expression changes were found to accompany blueberry growth, maturation
and ripening.

Several websites have been developed to provide access to expression pro-
files and gene sequences of blueberries. Rowland and her colleagues have pro-
duced the blueberry genomic database BBGD4 54, which allows the research
community to identify genes involved in flower bud and fruit development, cold
acclimation and chilling accumulation (Darwish et al., 201 3). This database is
hosted by the Bioinformatics server at Towson University in Maryland (http://
bioinformatics.towson.edu/BBGD454/). The Genome Database for Vaccinium
(http://www.vaccinium.org/) provides genomic, genetic and breeding data for
blueberry, cranberry and other Vaccinium spp. This database is supported by
the Plants for Human Health Institute, North Carolina State University and
Washington State University, and contains the genome sequencing work on
the diploid blueberry. The Plant Genome Network website (PGN: http://
identifiers.org/pgn/) provides public access to EST library statistics, details of
Unigene builds and EST chromatograms, and permits Floral Genome Project
(FGP) taxon-specific BLAST searches of gene sequences related to variations in
floral architecture. This website is hosted by the FGP centred at Penn State
University, Pennsylvania.

Recombinant DNA techniques

Two groups have reported on the transformation of blueberry using Agrobacte-
rium (Graham et al., 1996; Song and Sink, 2004). The screenable reporter gene
gusA driven by either the cauliflower mosaic virus (CaMV) 35S or a chimeric
superpromoter, (Aocs)3AmasPmas, and each terminated by T-nos, has been
transformed into blueberry cultivars using nptIl as a selectable marker (Ni
et al., 1995; Graham et al., 1996; Song and Sink, 2004). After selection with
the herbicide glufosinate (GS), three chimeric bar genes with the promoter
nopaline synthase (nos), CaMV 35S or CaMV 34S yielded transgenic plants,
whereas the synthetic (Aocs)3AmasPmas superpromoter did not lead to suc-
cessful regeneration of transgenic plants. The herbicide GS (Rely; Bayer Crop-
Science) was applied at five levels using a track sprayer (GS in mg/l: 0, 750,
1500, 3000 and 6000) on 3-month-old plants in the laboratory, representing
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three separate transgenic events each for the 35S and nos promoters. Evalua-
tions of leaf damage 2 weeks after spraying indicated that all transgenic plants
exhibited much higher herbicide resistance than non-transgenic plants. After
application of eight times the standard level of GS (6000 mg/l) in the field, over
90% of the leaves on transgenic plants with 35S:bar showed no symptoms of
herbicide damage, whereas 95% of the leaves on non-transgenic plants were
abscised. Transgenic plants with 35S:bar showed higher herbicide resistance
than those with nos:bar, in which 19.5-51.5% of the leaves had no damage
(Song et al., 2007, 2008).

A C-repeat binding factor (CBF)/dehydration-responsive element-binding
(DREB) transcription factor gene identified from V. corymbosum (GenBank
accession no. FJ222601) was transformed into the relatively cold-sensitive
cultivar ‘Legacy’ (Walworth et al., 2012). Almost 60 independent transgenic
events were produced. Transgenic lines showed an increase in freezing toler-
ance in leaves and dormant buds. Expression of putative downstream compo-
nents of the blueberry CBF regulon was increased in non-acclimated transgenic
lines, and, in some cases, to a level similar to that of acclimated control plants.
Following low temperature exposure, blueberry CBF-over-expressing trans-
genics and controls expressed these genes at similar levels.

Song et al. (2013) found that the blueberry FLOWERING LOCUS T (FT)-
like gene (VcFT) cloned from the cDNA of highbush blueberry could reverse
normal photoperiodic and chilling requirements and caused early and contin-
uous flowering. Expression of 35S:VcFT in ‘Aurora’ resulted in an extremely
early flowering phenotype, which flowered not only during in vitro culture but
also in 6-10-week-old, soil-grown transgenic plants that had not received any
chilling hours. In related work, Song’s group carried out transcript profiling of
genesregulating flowering in VcFT-overexpressing blueberry plants (Walworth
et al., 2016) and found that overexpression of VcFT altered the expression of
phytohormone-related genes (Gao et al., 2016). They also found evidence of
gene networks associated with the overexpression of a blueberry DWARF AND
DELAYED FLOWERING 1 gene in transgenic blueberry plants (Song and Gao,
2017).

Thomas Colquhoun and his associates at the University of Florida (Bizzio
etal., 2016) have begun a programme to identify volatile compounds that have
a major impact on blueberry flavour. They are developing PCR primers from
candidate sequences from other species, determining if they are present in
blueberry and testing each gene’s role in flavour volatile biosynthesis in vivo
using RNAI transgenic blueberry constructs. They have identified several can-
didate genes of the oxylipin biosynthetic pathway, and at press were awaiting
maturation of transgenic blueberry plants to verify their role.
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Patenting and licensing

Currently, all new blueberry cultivars are being patented and licensed. What is
called the ‘plant patent’ is being used in the USA and applies to plants that can
be asexually reproduced (and cannot be reproduced by seed). In the Townsend-
Purnell Plant Patent Act of 1930 it is stated that:

Whoever invents or discovers and asexually reproduces any distinct and new
variety of plant, including cultivated sports, mutants, hybrids, and newly found
seedlings, other than a tuber propagated plant or a plant found in an uncultivated
state, may obtain a patent therefore, subject to the conditions and requirements of
this title.

An amendment was made to the Plant Patent Actin 1998 that adds:

In the case of a plant patent, the grant shall include the right to exclude others
from asexually reproducing the plant, and from using, offering for sale, or selling
the plant so reproduced, or any parts thereof, into the US.

It has been suggested that such ‘plant parts’ includes gametes, and as a result,
patented cultivars cannot be used in breeding by anyone except the inventor.
However, this issue has not been challenged legally and thus is unresolved. This
revision also restricts the importation of plant parts from patented cultivars
into the USA.

The international protection offered for blueberries is termed ‘plant breed-
ers’ rights’. The International Union for the Protection of New Varieties of
Plants was established by the UPOV (Union Internationale pour la Protection
des Obtentions Végétales) convention in 1961 (with additional conventions
following in 1978 and 1991 providing additional provisions), and the UPOV
system provides for cultivar protection using plant breeders’ rights in 65 mem-
ber countries. Plant breeders’ rights have no restriction on breeding activity
using a protected cultivar.

Both general and restricted licences have been awarded to nurseries for the
propagation and sale of patented cultivars. General licences are usually made
available to a group of companies without territorial limitations, while
restricted licences are awarded to only one or a few companies by territory.
In a few instances, partnerships have been developed prior to licensing that
include trialling of advanced selections before cultivar release. In these trial-
ling arrangements, a number of nurseries spanning the range of probable cul-
tivar adaptation have been awarded testing rights and are required to provide
production and quality data.

Both plant royalties and production royalties have been paid for blueberry
cultivars. In the plant royalties, a set fee is paid per plant that is generally passed
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on to the grower by the propagator. This is the standard practice so far with
blueberries, and ranges from US$0.20 to US$0.75 per plant. In the production
royalties, the grower or fruit production company pays a royalty based on fruit
produced or more often on the sales price of the fruit. This has been done in a
few instances. Plant rental fees and plant production area fees have been dis-
cussed but have not yet been implemented.

CHARACTERISTICS OF THE MOST IMPORTANT BLUEBERRY
CULTIVARS GROWN WORLDWIDE

Most popular SHB cultivars

‘Chickadee’ (2009, University of Florida) is very early with a chilling require-
ment of around 100 h. The bush is upright, vase shaped and blooms very early,
requiring frost protection. The bush can uproot if there are heavy ice loads
during frost protection. The berries are large, sweet, low acid and firm. It is
increasing in importance in very low-chill areas.

‘Emerald’ (1991, University of Florida) is early with a chilling requirement
of approximately 250h. The bush is spreading, vigorous and highly produc-
tive, although leaf bud break can be poor in spring. ‘Emerald’ has a very early
bloom date and can be subject to frost. The berries are very large, firm and
medium blue with a medium scar and excellent flavour. It is resistant to cane
canker and stem blight. It is widely planted in regions with low chilling hours.

‘Farthing’ (2008, University of Florida) is early with a chilling require-
ment of around 300 h. The bush is slightly spreading, vigorous and high yield-
ing, and tends to overcrop. It leafs well in spring and is late blooming. The fruit
are medium to large sized and firm with good colour, a slightly tart flavour and
a small scar. There is potential for mechanical harvesting. It is widely planted
in regions with low chilling hours.

‘Flicker’ (2010, University of Florida) has a chilling requirement of around
200h. It is adaptable to early-season, deciduous or evergreen production. It
has had problems with leafing in some years. The fruit are large, light blue,
sweet and very firm, and have a small, dry picking scar and a long storage life.
The fruit clusters are very loose. It has above-average resistance to root rot
(P, cinnamomi), average resistance to stem blight (Botryosphaeria spp.) and has
shown no signs of cane canker (B. corticis). It is widely planted in central
Florida, with potential for all regions with low chilling hours.

‘Tewel' (1998, University of Florida) is early mid-season with a chilling
requirement of approximately 200 h. The bush is slightly spreading and very
vigorous. ‘Jewel’ can be slow to leaf in spring and is highly subject to foliar
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diseases. The berries are large, moderately firm and light blue, with a small scar
and slightly tart flavour. It is resistant to cane canker and stem blight, although
it flowers heavily and can overbear. It is popular in low-chill areas across the
world.

‘Kestrel’ (2010, University of Florida) is very early and has high evergreen
fruiting potential. The fruit are large, firm, aromatic and sweet, even at early
stages of ripening. The berry clusters are medium loose and the fruit are easily
detached. There is increasing interest in ‘Kestrel” in very low chilling regions.

‘Legacy’ (1988, USDA, Maryland) is late mid-season with a chilling
requirement of 400—-600h. The bush is upright and very vigorous. ‘Legacy’
has medium- to large-sized fruit that are powder blue in colour with a good
flavour, firmness and scar. It machine harvests well, and is widely planted
across the world in areas with mild and moderate winter climates.

‘Misty’ (1989, University of Florida) is mid-season with a chilling require-
ment of 150h. The bush is slightly spreading and very vigorous. Leaf bud
break in spring can be poor, but it responds well to Dormex®. The picking sea-
son is long, and the bush needs to be heavily pruned to avoid overbearing. The
berries are medium sized and very firm, with a small scar and mild flavour. It is
widely planted in California and is important locally in Chile.

‘Rocio’ (2009, Atlantic Blue, Spain) is very early with a very low chilling
requirement. Its fruit are attractive, medium sized and medium blue in colour,
extremely firm, and exhibit a pleasant balance of acid and sweetness. The plant
is evergreen, self-fertile and has an upright growth habit. It is widely planted in
regions with little to no chilling hours.

‘Springhigh’ (2005, University of Florida) is very early with a chilling
requirement of around 200 h. It has strong upright growth and leafs well in
spring. The berries are large, dark blue, medium firm with a small scar and
good flavour. The berries can get soft in hot weather. It is locally important
across the world in areas with very few chilling hours but is diminishing in
interest.

‘Star’ (1981, University of Florida) is early with a chilling requirement of
approximately 400 h. The bush is upright and slightly spreading with moder-
ate vigour. It leafs well in spring, and blooms later than ‘O’Neal’ but is har-
vested at about the same time. The berries are large and medium blue with
good firmness, a small scar and good flavour. It has excellent postharvest fruit
quality. The fruit can crack after heavy rains. It is widely planted in low-chill
areas across the world, but its popularity is gradually declining.

‘Ventura’ (2013, Fall Creek Genetics, Oregon) is very early with a chilling
requirement of 200 h or less. The bush is upright and vigorous. The berries are
large, firm and medium blue with good flavour. It has been grown successfully
in evergreen culture in locations with few chilling hours. It is rising in impor-
tance in areas with minimal chilling hours.
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Older locally important SHB cultivars

‘Abundance’ (2006, University of Florida) is early mid-season with a chilling
requirement of around 300 h. The bush is upright, very vigorous and leafs out
well in spring. It has very high yield potential. The berries are large, medium
blue, crisp textured and excellent tasting with a small, dry scar. It has not been
widely planted.

‘Biloxi” (1998, USDA, Mississippi) is early with a chilling requirement
below 500 h. It may be adapted to evergreen culture with very little chilling.
The plant habit is bushy with high vigour and productivity. The berries are
small to medium sized, with only a medium scar, and are light blue, very firm
and well flavoured. It is popular in Mexico and Peru.

‘Bluecrisp’ (1997, University of Florida) is mid-season with a chilling
requirement of 500-600 h. The bush is slightly spreading, moderately vigor-
ous and leafs out well in spring. Production is average, with some autumn
blooming. It has little winter hardiness. The berries are medium size and
extremely firm with a medium blue colour and small scar. The flavour is excel-
lent, with a crisp texture. It is not widely planted.

‘Bobolink’ (2009, University of Florida) is early with a chilling require-
ment of around 200 h. The bush is upright and vigorous with excellent yield
potential. The berries are large, sweet and of high quality. ‘Bobolink’ was
released as potential replacement for ‘Star’ but has not been widely adopted.

‘Camellia’ (2005, University of Georgia) is early mid-season with a chill-
ing requirement of 450-500 h. The bush is upright with moderate to high vig-
our and only modest winter hardiness. The berries are large, sky blue and firm
with an excellent flavour and small picking scar. It is of modest importance in
Georgia.

‘Corona’ (2009, Atlantic Blue, Spain) is mid-season with a very low chill-
ing requirement. The fruit are extremely large, attractive, medium to dark blue
and have a medium scar and good flavour. The plant is evergreen, vase shaped,
very vigorous and grows well in a wide array of soil types. It requires cross-
pollination. It is of modest importance in Chile.

‘Daybreak’ (2012, Berry Blue, Michigan and Chile) is early with a chilling
requirement of approximately 250h. The bush is vigorous and moderately
upright with a medium-sized crown. It has good mechanical harvesting poten-
tial. The berries are very large, medium light blue and firm, with excellent
flavour and a small picking scar. It is locally important in Chile, and is being
planted in a number of low chilling areas across the world.

‘Bureka’ (2014, Mountain Blue Orchards, Australia) is an early to mid-
season, evergreen cultivar with a chilling requirement of 200-250h. The
bush is round, upright and very high yielding. The fruit are jumbo sized, very
firm and sweet with a good scar and shipping characteristics. It is not very self-
fertile and needs a pollinizer. It is being planted in a number of low chilling
areas across the world.
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‘First Blush’ (2014, Mountain Blue Orchards, Australia) is early to mid-
season, evergreen, upright and very vigorous with a chilling requirement of
about 250 h. Its berries are very large, sweet and crisp with a good flavour and
scar. It has very good storage characteristics. It was originally selected as a pol-
linator of ‘Eureka’ and is being planted along with ‘Eureka’ in many low-chill
areas across the world.

‘Gupton’ (2005, USDA, Mississippi) is mid-season with a chilling require-
ment of around 500 h. The bush is vigorous and upright. The fruit are medium
to large with good colour, firmness, flavour and picking scar. It is of modest
importance in Mississippi.

‘Meadowlark’ (2010, University of Florida) is extremely early ripening
and upright, with a very low chilling requirement. It produces very open
clusters of berries that detach with medium force. It may have potential for
mechanical harvesting. The fruit have a mild flavour with a good balance of
sugar and acid, and the mature berries maintain quality for a long time when
hanging on the plant. It is of modest importance in Georgia and Florida.

‘Millennia’ (1986, University of Florida) is early with a chilling require-
ment of around 300 h. The bush is spreading, vigorous and very productive. It
is slow to leaf in spring. The berries are large and firm with a tiny scar, medium
blue colour and mild flavour. It is locally important in Florida and Georgia.

‘New Hanover’ (2005, University of North Carolina) is early mid-season
with a chilling requirement of 600-800h. It has good self-fruitfulness. It is
upright but can be floppy with a heavy crop. The berries are medium to large
and firm with excellent colour. The flavour is a little tart, and the scar is small
but can tear. It is of modest importance in North Carolina and Chile.

‘Opi’ (2014, Mountain Blue Orchards, Australia) is very early ripening,
productive, upright, evergreen and leafs out vigorously in early spring. Its chill-
ing requirement is less than 200 h. and it is well adapted to tunnels. The berries
are large, medium to dark in colour and firm with a medium scar and sweet
flavour. They may have a limited storage life. ‘Opi’ is being planted in a number
of low chilling areas across the world.

‘O'Neal’ (1987, University of North Carolina) is early with a chilling
requirement of approximately 400 h. The bush is erect but slightly spreading.
The berries are large sized, firm, sweet and medium blue in colour. It is early
blooming and subject to frost, and is resistant to stem canker. It is important
locally in North Carolina, California, Georgia, Chile and Argentina, but its
popularity is waning.

‘Ozarkblue’ (1996, University of Arkansas) is a late-season cultivar with
a chilling requirement of 600-800 h. The bush is vigorous and upright. The
berries are medium to large, light coloured, firm and sweet with small scar. It
was popular in areas with mild and moderate climates but is no longer being
planted.

‘Palmetto’ (2003, University of Georgia/USDA) is early with a chilling
requirement of 300—450h. The bush is open and spreading with medium
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vigour. Blooms very early so it may need frost protection and it has only modest
winter hardiness. The berries are medium sized and medium blue with good
firmness, good flavour and a medium scar. It is of modest importance in
Georgia.

‘Primadonna’ (2007, University of Florida) is very early with a chilling
requirement of around 200 h. The bush is upright and round with medium
vigour. It may leaf out poorly in the spring. The berries are large, firm and
medium blue with excellent flavour. Fruit size can be irregular. Only modest
yields. It is locally most important in Florida.

‘Raven’ (2009, University of Florida) is early with a chilling requirement
of 300 h. The bush has medium vigour and leafs well in spring. The berries are
very large and firm, but have a large stem scar. Trialled extensively in Florida
but has not been widely adapted.

‘Rebel’ (2006, University of Georgia) is very early with a chilling require-
ment of 250-350h. The bush is spreading and vigorous. It leafs well following
mild winters. The berries are very large, medium light blue and very firm with
a bland flavour. It is important locally in Georgia.

‘Robust’ (2012, Berry Blue, Michigan, and Chile) is early with a chilling
requirement of around 300 h. The bush is vigorous and moderately upright
with a medium-sized crown. It has good mechanical harvesting potential. The
berries are very large, medium light blue, firm and slightly tart, with a small
picking scar. It is important locally in Georgia and Chile.

‘Romero’ (2008, Royal Berries SL, Spain) is very early and evergreen, with
a very low chilling requirement. The bush is upright with high vigour. The
berries are dark blue with a pleasant acid flavour and long postharvest fruit
quality. It is self-fertile and an excellent pollen producer. It is important locally
in Spain.

‘San Joaquin’ (2008, University of Florida) is early ripening with a chilling
requirement of 400—500 h. The bush is very vigorous and upright. The fruit
are large, sweet and firm with a good colour and an excellent picking scar. It is
more upright than ‘Star’ with a higher yield potential. It is important locally in
the Central Valley of California.

‘Sapphire’ (1980, University of Florida) is early with a chilling require-
ment of approximately 200 h. The bush is semi-spreading with medium vigour.
Leaf bud break in spring is good. The berries are medium sized, light blue and
very firm with a small scar and excellent flavour. It is no longer widely planted.

‘Scintilla’ (2008, University of Florida) is very early with a chilling require-
ment of around 200 h. The bush is upright and vigorous with modest yields
and an early blooming date. Plant longevity is an issue. The fruit are large, light
blue and firm, with a small scar and good flavour. It is important locally in
areas with very low chilling hours but is decreasing in importance in Florida.

‘Sharpblue’ (1976, University of Florida) is early with a chilling require-
ment of less than 150 h. It has been grown successfully in evergreen culture.
The bush is slightly spreading and extremely vigorous. The berries are very
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large with a medium scar, colour and firmness, and the flavour is excellent.
Fruit quality is sensitive to hot temperatures. It was once popular in Florida but
is no longer planted.

‘Snowchaser’ (2007, University of Florida) is very early with a chilling
requirement of 200 h or less. The bush is upright and round with medium vig-
our. It tends to flower in autumn and blooms very early in the spring when frost
is likely. The berries are medium sized, firm and medium blue with good flavour
and a tiny scar. It is highly susceptible to stem blight. It is important locally
across the world in regions with very low chilling hours.

‘Suziblue’ (2009, University of Georgia) is early with a chilling require-
ment of 250-350h. The bush is vigorous and semi-spreading with a medium
crown. The berries are large and medium light blue with good firmness, flavour
and a small, dry picking scar. It is of modest importance in Georgia.

‘Sweetcrisp’ (2007, University of Florida) is early with a chilling require-
ment of around 200 h. The bush is upright, fast growing and leafs out early in
spring. It may be well adapted to machine harvesting. The berries are medium
sized with excellent firmness, flavour and scar. The texture is crisp. It is of mod-
est importance in Georgia and Florida.

‘Twilight’ (2015, Mountain Blue Orchards, Australia) is mid- to late sea-
son with a chilling requirement of about 400 h. The bush is upright, evergreen,
vigorous and high yielding. The fruit are very large, light flavoured and firm
with a slightly acidic but sweet flavour. It has excellent storage and shipping
qualities. It is important locally in low and intermediate chilling areas of
Australia.

‘Windsor’ (2000, University of Florida) is early mid-season with a chilling
requirement of 300-500h. The bush is spreading and vigorous. Leaf bud
break in spring is very good. The berries are large, firm and good flavoured, but
the scar is wet and tears. It is no longer widely planted.

New SHB releases

‘Arcadia’ (2015, University of Florida) is mid-season with a long harvest season
and a chilling requirement of less than 200 h. The bush is vigorous and spread-
ing with excellent survival and leaf disease tolerance. It produces well in the
evergreen management system. The berries are large and sweet with small
scars and fair firmness.

Avanti’ (2015, University of Florida) is very early with a chilling require-
ment of around 100h. It blooms early, so frost protection is necessary. The
bush is moderately upright and vigorous. The fruit are medium sized, good
flavoured and firm with a small, dry picking scar. It produces well in the ever-
green management system. It is susceptible to Botrytis fruit rot.

‘Bliss’ (2012, Berry Blue, Michigan and Chile) is late mid-season with a
chilling requirement of approximately 500 h. The bush is very vigorous and



44 Chapter 2

moderately upright with a medium-sized crown. The berries are very large,
medium blue, firm and crunchy with an excellent flavour and small picking
scar. It leafs well in spring and has good mechanical harvesting potential.

‘Endura’ (2015, University of Florida) is mid- to late maturing with a long
harvest period and a chilling requirement of around 150 h. The bush is vigor-
ous and moderately upright. The fruit are large and firm with small scars and
excellent colour but are tart. It produces well in the evergreen management
system. It is susceptible to leaf rust and Phytophthora root rot.

‘Georgia Dawn’ (2011, University of Georgia) is very early ripening with
a chilling requirement of 100-150h. It has good plant vigour, an upright
growth habit and a narrow crown. The fruit are medium to large with a good
flavour, scar and firmness. It is recommended as a pollinizer of ‘Rebel’.

‘Indigocrisp’ (2013, University of Florida) is early with a chilling require-
ment of around 300 h. The bush is upright and vigorous. The fruit are large,
very firm, crisp, sweet and very flavourful. It has good mechanical harvesting
potential.

‘Keecrisp’ (2016, University of Florida) is mid- to late season with a chill-
ing requirement of about 300 h. The bush is vigorous and upright with long,
somewhat whippy canes. The fruit are large and exceptionally firm with a
small, dry picking scar and a mild very sweet flavour. It has high potential as a
machine-harvestable cultivar.

‘Miss Alice Mae’ (2015, University of Georgia) is a mid-season cultivar
with a chilling requirement of 450—-550 h. The bush is semi-upright, compact
and moderately vigorous. It blooms a little later than ‘Star’ but harvests in
about the same season. Yields are very good, and the berry firmness, flavour,
and quality are excellent.

‘Miss Jackie’ (2015, University of Georgia) is a later-season cultivar with
a chilling requirement of 450-550h. The bush is upright, compact and
moderately vigorous. The fruit are high quality with good size, firmness and
flavour.

‘Miss Lilly’ (2015, University of Georgia) is an early mid-season cultivar
with a chilling requirement of 500—-600 h. The bush is narrow, upright and
moderately vigorous, allowing it to be planted at high densities. The fruit are
large and of high quality. It flowers 12—15 days after ‘Star’, allowing it to be
grown without frost protection.

‘Optimus’ (2017, University of Florida) is an early cultivar released specifi-
cally for machine harvesting. The fruit are medium sized, light blue, very firm
and good tasting.

‘Patrecia’ (2016, Straughn Farms and University of Florida) is very early
ripening with a short fruit development period. The bush is vigorous and
spreading. The fruit is large and firm, with good quality and a dry stem scar.

‘Pearl’ (2011, USDA/ARS, Mississippi) is early with a chilling requirement
of 400—450h. The bush is upright and vigorous with a narrow crown. The
fruit are large, light blue and firm and have good flavour.
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‘Prelude’ (2012, Berry Blue, Michigan and Chile) is very early with a chill-
ing requirement of around 150h. The bush is upright, moderately vigorous,
with good leafing potential in spring. It has good mechanical harvesting poten-
tial. The berries are very large, medium blue, very firm and sweet with a small
dry picking scar.

‘Presto’ (2016, Berry Blue, Michigan, and Chile) is very early with a chill-
ing requirement of less than 200 h. The bush is medium upright and vigorous.
It blooms later than other very early SHBs and may have some tolerance to
frost. The fruit are very large, medium light blue and firm with a small scar and
very good flavour.

‘Southern Splendor’ (2010, University of Georgia) is early with a chill-
ing requirement of 450-500h. The bush is semi-upright and vigorous with
a narrow crown. It has good mechanical harvesting potential and a very
short bloom-to-ripening time. The berries are medium to medium-large in
size, with a medium light blue colour, excellent flavour and small, dry picking
scar.

‘Stellar’ (2017, Berry Blue, Michigan and Chile) is early with a chilling
requirement of less than 200 h. The bush is upright and vigorous. The fruit are
very large, light blue and firm with a small scar and very good flavour.

‘Temptation’ (2012, Berry Blue, Michigan and Chile) is early with a chill-
ing requirement of about 400 h. The bush is semi-upright and vigorous. The
fruit size is large, medium blue in colour, very firm with a small picking scar
and good flavour.

Most popular NHB cultivars

‘Aurora’ (2003, Michigan State University) is very late with a chilling require-
ment of more than 800 h. It is vigorous and bushy with high productivity and
excellent winter hardiness. The berries are large, light blue and firm with a tiny
scar and slightly tart flavour. The fruit are susceptible to sunburn under high
temperatures from the late green fruit stage through to ripening. It is widely
planted in regions with high chilling hours.

‘Bluecrop’ (1952, USDA, New Jersey) is mid-season with a chilling require-
ment of more than 800 h. The bush is upright but flops when carrying a heavy
crop. It is high yielding with good winter hardiness. The berries are medium
sized and firm with a small scar. It is the most widely planted cultivar, although
its popularity is diminishing.

‘Brigitta Blue’, commonly known as ‘Brigitta’ (1980, Victorian State
Department of Agriculture, Australia) is late mid-season with a chilling
requirement of more than 800 h. The bush is upright with moderate winter
hardiness. The berries are large, firm and sweet with a small scar and long stor-
age life. It machine harvests well. It is important locally across the world in
areas with mild winters.
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‘Draper’ (2003, Michigan State University) is early mid-season with a
chilling requirement of more than 800 h. It is an upright, slow-growing bush
with excellent winter hardiness. The fruit are large, light blue and very firm
with excellent flavour, a tiny scar and a superior shelf-life. It has the potential
to be mechanically harvested for the fresh market. It is widely planted in regions
with high chilling hours.

‘Duke’ (1986, USDA, New Jersey) is very early with a chilling requirement
of more than 800 h. The bush is upright and open with good winter hardiness.
It machine harvests well. Its vigour declines over time without expert culture.
The fruit are medium sized, firm and medium coloured with a small scar and
weak flavour. It is resistant to mummy berry. It is the most widely planted early
cultivar in regions with high chilling hours.

‘Elliott’ (1973, USDA, Michigan) is late with a chilling requirement of
more than 800 h. The bush is upright, bushy with good winter hardiness. The
fruit are medium sized, firm, medium blue with a tart flavour. It machine har-
vests well, and is resistant to mummy berry, Phomopsis canker and anthrac-
nose fruit rot. It has been very widely planted because of its late season, but
interest is diminishing.

Tersey’ (1928, USDA, New Jersey) is late mid-season with a chilling
requirement of more than 800h. The bush is tall, upright and very winter
hardy. The berries are medium sized, dark and somewhat soft, with a moderate
scar and good flavour. It machine harvests well and has very broad soil adapta-
tions. It is important locally in Michigan, but is seldom planted any more.

‘Liberty’ (2003, Michigan State University) is very late with a chilling
requirement of more than 800 h. It is an upright, vigorous bush with excellent
winter hardiness. It needs extensive pruning and trellising in some areas. The
fruit are large, light blue and firm, with excellent flavour and a tiny scar. It is
susceptible to cane diseases in northern production regions. It is probably
machine harvestable, and is widely planted in regions with high chilling hours.

‘Rubel’ (1911, USDA, New Jersey) is late mid-season with a chilling
requirement of more than 800 h. The bush is tall and upright with excellent
winter hardiness. It harvests well by machine and is used primarily in the pro-
cessed market. The fruit are small and firm with a fair flavour, medium scar and
high levels of antioxidants. It is important locally in Michigan as a processed
berry.

Older locally important NHB cultivars

‘Bluegold’ (1988, USDA, New Jersey) is late mid-season with a chilling require-
ment of more than 800 h. The bush is low growing with many branches and
good winter hardiness. The berries are medium in size with small dry scars
and good flavour and firmness. It is very susceptible to blueberry shock virus. It
machine harvests well. There are limited plantings across high-chill regions.
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‘Bluejay’ (1978, Michigan State University) is early mid-season with a
chilling requirement of more than 800 h. It is an upright, open, rapidly grow-
ing bush that produces moderate yields of medium-sized, firm fruit with a
small stem scar and mild, slightly tart fruit. It has field resistance to blueberry
shoestring virus. It is important locally as a machine-picked, processed berry.

‘Blueray’ (1959, USDA, New Jersey) is early mid-season with a chilling
requirement of more than 800 h. Upright, spreading habit and is very winter
hardy. The berries are large, dark blue, firm and of excellent flavour. May over-
produce if not regularly pruned. Once important locally, but not planted com-
mercially any more.

‘Bluetta’ (1968, USDA, New Jersey) is very early with a chilling require-
ment of more than 800 h. The bush is small, low growing and spreading. It
produces moderate yields of medium-sized, dark fruit. The flavour and firm-
ness are only fair and the stem scar is broad. It is resistant to Phomopsis canker
but very susceptible to Botryosphaeria canker. It was once widespread but is no
longer planted commercially.

‘Chandler’ (1994, USDA, Oregon) is late mid-season with a chilling
requirement of more than 800h. The bush is spreading with good winter
hardiness. The berries are exceptionally large and medium blue with excellent
flavour and a long ripening season. There are very limited plantings across
high-chill regions.

‘Chanticleer’ (1997, USDA, New Jersey) is very early with a chilling
requirement of more than 800 h. It is an upright and moderately tall bush. It
has good winter hardiness with modest yields. The fruit are medium sized with
good colour, firmness and flavour (mild). There are limited plantings in areas
with high chilling hours.

‘Coville’ (1949, USDA, New Jersey) is late mid-season with a chilling
requirement of more than 800 h. The bush is moderately upright with limited
winter hardiness. It has very large, firm fruit with a medium scar and good, tart
flavour. It is not often planted any more.

‘Croatan’ (1954, USDA, North Carolina) is early with a chilling require-
ment of more than 800 h. It is a very productive, erect bush with only medium
fruit quality and modest winter hardiness. The fruit are soft with a mild flavour
and ripen very quickly in hot weather. It is resistant to stem canker. It was once
important in North Carolina but is no longer planted.

‘Darrow’ (1965, USDA, New Jersey) is mid-season with a chilling require-
ment of more than 800 h. The bush is low and bushy with only limited winter
hardiness. The fruit are very large, light blue, firm and flavourful when fully
mature. It is little planted any more.

‘Earliblue’ (1952, USDA, New Jersey) is very early with a chilling require-
ment of more than 800 h. The bush is vigorous, upright and moderately winter
hardy. The fruit are medium sized with medium colour, firmness and flavour.
The scar is medium and tends to hold the fruit pedicel. It is resistant to powdery
mildew. There are limited plantings in the Pacific Northwest.
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‘Hardyblue’ or ‘1613A (early 1900s, USDA, New Jersey) is mid-season
with a chilling requirement of more than 800h. The bush is upright and
vigorous. The berries are medium sized, light blue and very sweet. It is a
machine-harvested, processed berry. There are limited plantings in the Pacific
Northwest.

‘Hannah’s Choice’ (2005, USDA, New Jersey) is early with a chilling
requirement of more than 800 h. It is upright and vigorous with good winter
hardiness. Yields are modest. The fruit are medium to large, medium blue in
colour and very sweet with a good scar and excellent firmness. There are very
limited plantings in regions with high chilling hours.

‘Huron’ (2009, Michigan State University) is early with a chilling require-
ment of more than 800 h. It is upright and vigorous with excellent winter har-
diness. Yields are excellent. The fruit are large, light medium coloured and very
sweet with an excellent scar and firmness. There are limited plantings in Europe
in areas with high chilling hours.

‘Nelson’ (1988, USDA, Michigan) is mid-season with a chilling require-
ment of more than 800 h. The bush is very productive, upright and very winter
hardy. The berries are large, firm and good flavoured with a small picking scar.
It machine harvests well, and is important locally in Michigan.

‘Nui’ (1989, Ruakura Research Centre, New Zealand) is very early with a
chilling requirement of more than 800 h. The bush is spreading with moderate
vigour and medium yields. It has good winter hardiness. The berries are very
large and light blue with good firmness and excellent flavour. It is important
locally in the Pacific Northwest.

‘Patriot’ (1976, USDA, Maine) is early mid-season with a chilling require-
ment of more than 800 h. The bush is small to medium in height and slightly
spreading. It has very good winter hardiness but blooms very early and is sub-
ject to frost. The fruit are large and firm with a small scar and excellent flavour.
It is not widely planted.

‘Reka’ (1985, Ruakura Research Centre, New Zealand) is early with a
chilling requirement of more than 800 h. The bush is upright and vigorous
with modest winter hardiness. It reaches adult productivity very quickly and
has broad soil adaptations. The berries are medium to large and dark blue
with an excellent flavour. It is important locally in the Pacific Northwest as a
machine-harvested, processed berry.

‘Reveille’ (1990, North Carolina State University) is very early with a
chilling requirement of more than 800 h. The bush is upright and suitable for
mechanical harvesting. The fruit are small, firm and light blue with an excel-
lent flavour. An early bloom is subject to frost, fruit cracking during rain can be
a problem and some berries are slow to turn blue at the stem end. It is resistant
to stem canker. It was important locally in North Carolina and Georgia but is
little planted any more.

‘Spartan’ (1978, USDA, New Jersey) is early with a chilling requirement of
more than 800 h. The bush is upright and open. It blooms unusually late for an
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early cultivar. The fruit are firm and very large with a medium scar and are
highly flavoured. It has a narrow soil adaptive range. There are limited plant-
ings in the Pacific Northwest.

‘Toro’ (1987, USDA, New Jersey) is mid-season with a chilling require-
ment of more than 800 h. The bush is upright, open and has good winter har-
diness. The fruit are medium in size, powder blue and firm with a good flavour
and small scar. It has not been widely planted.

‘Weymouth’ (1936, New Jersey) is very early with a chilling requirement
of more than 800 h. The bush is low growing with good winter hardiness. The
fruit are soft, dark blue and weakly flavoured. It is locally grown in New Jersey
and Washington but is rarely planted.

New NHB releases

‘Baby Blues’ (2016, USDA, Oregon) is late mid-season with a chilling require-
ment of 600-800 h. The bush is vigorous and spreading with dense foliage and
only modest winter hardiness. The berries are very small, very light blue and
firm with a small scar and excellent flavour. It is machine harvestable and prob-
ably ideal for the processed market.

‘Barbara Ann’ or ‘DrisBlueNine’ (2014, Driscoll’s, California) is late sea-
son with a chilling requirement of more than 800 h. The bush is semi-upright
with medium to strong vigour. The berries are medium blue, firm and very
large with medium sweetness and acidity. It was originally selected and trialled
in the Pacific Northwest.

‘Blue Ribbon’ (201 3, Fall Creek Genetics, Oregon) is early mid-season with
a chilling requirement of 800-1000h. The bush is vigorous and spreading,
with moderate winter hardiness. The berries are medium sized, very light blue
and firm. It is important locally in areas with reasonably mild winters.

‘Calypso’ (2014, Michigan State University) is late season with a chilling
requirement of 800—-1000 h. The bush is vigorous and upright with excellent
winter hardiness. The berries are large, have small dry picking scars and are
medium light blue colour with excellent firmness and flavour. It is growing in
importance in Oregon and Michigan.

‘Cargo’ (2013, Fall Creek Genetics, Oregon) is late with a chilling require-
ment of 800-1000h. The bush is very vigorous and upright with a narrow
crown. It has only modest winter hardiness. It has good machine-harvesting
potential. The berries are medium sized, very light blue and firm with a mild
tart flavour. It is important locally in areas with reasonably mild winters.

‘Clockwork’ (2013, Fall Creek Genetics, Oregon) is mid-season with a
chilling requirement of 800—1000 h. It has only modest winter hardiness. The
bush is upright with a narrow crown. The berries are medium sized with an
excellent, sweet flavour. It has good machine-harvesting potential for the
processed market; it does not store well enough for the fresh market.
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‘Envy’ (2016, Berry Blue, Michigan and Chile) is very early with a chilling
requirement of 800—1000 h. The bush is medium upright with a small crown.
It has excellent winter hardiness. The berries are jumbo sized and firm with
excellent uniformity of size and eating quality.

‘Granite’ (2015, Oregon Blueberry) is mid- to late season with a chilling
requirement of 800—1000 h. The bush is upright, compact and vigorous. The
berries are light blue, medium sized and very firm.

‘Keepsake’ (2014, Berry Blue, Michigan and Chile) is late mid-season with
a chilling requirement of 800—-1000 h. The bush is medium upright and vigor-
ous with a narrow crown and excellent winter hardiness. The berries are light
blue, large and very firm with good flavour and have small dry picking scars. It
is important locally in Michigan.

‘Last Call’ (2014, Fall Creek Genetics, Oregon) is very late with a chilling
requirement of 800-1000 h. It has only modest winter hardiness. The bush is
very vigorous and upright. The berries are medium to large sized and very light
blue with an aromatic flavour. The berries can shrivel and crack with heat and
late summer rains. It is important locally in areas with reasonably mild
winters.

‘Jolene’ or ‘DrisBlueFourteen’ (2015, Driscoll’s, California) is late mid-
season with a chilling requirement of more than 800h. The bush is semi-
upright with medium to strong vigour. The berries are medium blue, large, firm
and flavourful with medium sweetness and low acidity. It was originally selected
and trialled in the Pacific Northwest.

‘MegasBlue’ (2015, Oregon Blueberry, Oregon) is mid-season with a
chilling requirement of 800—-1000 h. The bush is vigorous and spreading with
good machine-harvesting potential. The berries are large and light blue with a
mild flavour.

‘Osorno’ (2014, Michigan State University) is mid-season with a chilling
requirement of 800-1000 h. The bushes are vigorous and upright, although
the canes can be lax when loaded with fruit. It has only modest winter hardi-
ness. The berries are large, have small dry picking scars and are a light blue
colour with excellent firmness and a superior flavour. The fruit hold up
extremely well in hot weather.

‘Razz’ (2011, USDA, Maryland) is early mid-season with a chilling require-
ment of 880-1000 h. The berries are medium to large in size and medium blue
coloured. It is a little soft and has only a fair but unique flavour with raspberry
overtones. It has been released for the home market.

‘Sensation’ (2014, Berry Blue, Michigan and Chile) is late season with a
chilling requirement of 800-1000 h. The bush is very vigorous and medium
upright with a medium-large crown. The berries are light blue, very large and
firm with a small picking scar and a good, somewhat tart flavour. It is growing
in importance in Michigan.

‘Sweetheart’ (2011, USDA, Maryland) is very early and requires 800—
1000 chilling hours. The berries are small with very good firmness and a
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superior flavour. It has a tendency to re-fruit in the autumn. The bush can
overcrop and produce dark, bicoloured fruit.

‘Sweet Jane’ or ‘DrisBlueTen’ (2014, Driscoll’s, California) is early season
with an intermediate chilling requirement. The bush is semi-upright with
medium to strong vigour. The berries are medium blue, large and very firm
with medium sweetness and acidity. It was originally selected in California but
was trialled in the Pacific Northwest.

‘Titanium’ (2014, Oregon Blueberry, Oregon) is early mid-season with a
chilling requirement of 800-1000 h. The bush is vigorous with good machine-
harvesting potential. The berries are large, crisp and light blue with an excel-
lent flavour.

‘Top Shelf’ (2013, Fall Creek Genetics, Oregon) is a mid-season cultivar
with a chilling requirement of 800—1000 h. It has only modest winter hardi-
ness. The bush is vigorous and vase shaped. It has only modest winter cold
hardiness. The berries are very large, firm and sweet but develop colour slowly.
It is important locally in areas with reasonably mild winters.

‘Valor’ (2017, Fall Creek Genetics, Oregon) is a mid-season cultivar with
a chilling requirement of 800-1000h and good cold hardiness. The bush is
upright with good vigour. The berries are light blue, large, very firm and have a
good flavour.

Half-high cultivars

‘Chippewa’ (1997, University of Minnesota) is mid-season with a chilling
requirement of more than 800 h. It is a medium-stature bush with excellent
winter hardiness. The berries are medium sized, very light blue and medium
firm with a medium scar and good flavour. It is important locally in areas with
extreme cold.

‘Northblue' (1986, University of Minnesota) is early mid-season with a
chilling requirement of more than 800 h. It is a medium-stature bush with
superior cold hardiness. The berries are medium to large sized and dark blue
with a medium scar, firmness and flavour (a little acid). It is resistant to mummy
berry. It is important locally for pick-your-own and farm sales where winters
are extremely cold.

‘Northcountry’ (1986, University of Minnesota) is early mid-season with
a chilling requirement of more than 800 h. The bush is medium stature with
superior cold hardiness. The berries are small, light blue and soft with a
medium scar and good sweet flavour. It is important locally for pick-your-own
and farm sales where winters are extremely cold.

‘Northsky’ (1986, University of Minnesota) is mid-season with a chilling
requirement of more than 800 h. The bush is of very low stature with supe-
rior cold hardiness. The berries are very small, light blue and soft with a
medium scar and good sweet flavour. It is resistant to mummy berry. It is
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importantlocally for pick-your-own and farm sales where winters are extremely
cold.

‘Polaris’ (1996, University of Minnesota) is early with a chilling require-
ment of more than 800 h. It is a low-stature plant with superior cold hardiness.
The fruit are medium sized and light blue with a good firmness and flavour. It is
importantlocally for pick-your-own and farm sales where winters are extremely
cold.

‘St. Cloud’ (1991, University of Minnesota) is early with a chilling require-
ment of more than 800 h. It is a medium-stature bush with excellent winter
hardiness. The berries are firm, flavourful and medium sized, with a small scar.
It is important locally for pick-your-own and farm sales where winters are
extremely cold.

‘Superior’ (2008, University of Minnesota) is late with a chilling require-
ment of more than 800 h. It is a medium-stature bush with a spreading habit
and mature height of 3.3-3.5m. It is very productive and has extreme cold
tolerance. The fruit are small to medium sized and light to medium blue col-
oured with a good colour, scar and flavour. It is recommended for trialling in
areas with extremely cold winters.

Most popular rabbiteye cultivars

Alapaha’ (2001, University of Georgia) is an early-ripening cultivar with a
chilling requirement of 450-500 h. It is a vigorous, productive, upright bush
that leafs very well in spring. It flowers after ‘Climax’ but ripens at the same
time. It has medium-sized berries with an excellent colour, firmness and fla-
vour and a small, dry scar. It has a considerable degree of self-fruitfulness, and
resists fruit cracking. It is a new cultivar being widely trialled in Georgia.

Austin’ (1996, University of Georgia) is early, productive and upright with
a chilling requirement of 450-500 h. It is widely adapted. It flowers and ripens
a few days after ‘Climax’. The fruit are large and light blue with a good scar,
firmness and flavour. It needs a pollinator. Modest hectarage has been planted
in Georgia.

‘Brightwell’ (1981, University of Georgia) is an early mid-season cultivar
with a chilling requirement of 400-450h. The bush is vigorous, productive
and upright. It is widely adapted and machine harvestable. It is at least par-
tially self-fertile, and has a medium-sized berry that is medium blue in colour
with a good scar, firmness and flavour. It is susceptible to fruit cracking under
rainy conditions. It has been the most widely planted rabbiteye blueberry in the
last 15 years.

‘Briteblue’ (1969, University of Georgia) is late harvesting with a chilling
requirement of around 600 h. The bush is moderately vigorous and upright.
The berries are light blue, large and very firm with a good flavour. It was once
popular for pick-your-own operations but is no longer marketed much.
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‘Centurion’ (1978, North Carolina State University) is late with a chilling
requirement of 600-700h. It ripens 1 or 2 weeks after ‘Tifblue’. The bush is
vigorous, productive and upright. The fruit are dark blue with a good scar and
medium firmness but can crack after heavy rains. It is now planted primarily to
extend the harvest season as a pick-your-own cultivar.

‘Climax’ (1974, University of Georgia) is early with a chilling requirement
of 400 h. The bush has medium vigour and is slightly spreading. The fruit are
medium sized and coloured, with excellent firmness, a good scar and a nice
flavour. It has concentrated ripening and may be suitable for machine harvest-
ing for the fresh market. It was once the most popular early cultivar in south-
east USA but is now less popular due to its high susceptibility to spring freezes,
gall midge and flower thrips.

‘Delite’ (1969, University of Georgia) is mid-season with a chilling require-
ment of 500 h. It ripens with ‘Tifblue’. The bush is moderately vigorous and
upright. The fruit are medium to large in size and medium coloured with a
good scar and firmness, a sweet flavour and high levels of aromatics. It is highly
susceptible to blueberry rust and is no longer recommended for planting.

‘Tra’ (1997, North Carolina State University) is late with a chilling require-
ment of 700-800 h. The bush is upright with medium to high vigour. It has a
late bloom that minimizes freeze damage in the spring, and has good self-
fertility. The fruit are medium in size and colour with a good scar, firmness and
flavour. The fruit are aromatic and store well. It is recommended as a pick-your-
own cultivar in the Piedmont and mountain regions of North Carolina.

‘Maru’ (1992, HortResearch, New Zealand) is very late with a chilling
requirement of 600-750 h. The bush is slightly spreading with high vigour and
productivity. The fruit are large, firm, medium blue and mild flavoured. It is
important locally in New Zealand and is being trialled in the Pacific Northwest.

‘Ochlockonee’ (2002, University of Georgia) is very late with a chilling
requirement of 600—700 h. The bush is moderately upright and vigorous with
narrow crowns and very high productivity. It flowers late enough to miss most
frosts in south Georgia. The fruit are large, medium blue and medium firm with
a small scar and sweet flavour. It requires cross-pollination. It is being widely
trialled in south-east USA and the Pacific Northwest, and has shown good
resistance to fruit cracking in rainy conditions.

‘Powderblue’ (1978, North Carolina State University and USDA/ARS,
North Carolina) is late mid-season cultivar with a chilling requirement of
550-600h. The bush is upright, vigorous and productive. It is not very self-
fertile. The fruit are medium to large and light blue with a good firmness, scar
and flavour. The fruit are resistant to cracking. This has been a popular cultivar
in recent years.

‘Premier’ (1978, North Carolina State University and USDA/ARS, North
Carolina) is early with a chilling requirement of 550h. It is vigorous and pro-
ductive but has poor self-fertility. The fruit are large with a good scar, medium
firmness, good flavour and dark blue colour. It is very susceptible to blueberry
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gall midge. It is still widely planted but needs frequent harvesting to retain
adequate firmness. Late-season flowers are often malformed with partial or no
corolla.

‘Rahi’ (1992, HortResearch, New Zealand) is late with a chilling require-
ment of 600—750h. The bush is spreading and vigorous with medium yields.
The fruit are medium sized, very firm and light blue with excellent flavour.
It is important locally in New Zealand and is being trialled in the Pacific
Northwest.

‘Tifblue’ (1955, University of Georgia) is a late mid-season cultivar with a
chilling requirement of 600—700 h. The bush is vigorous, upright and produc-
tive. It has poor self-fertility. The fruit are medium sized and light blue with a
good scar, firmness and flavour. It is susceptible to rain cracking. It is well
adapted to machine harvesting. Until the early 1990s, this was the most
planted rabbiteye but is now little planted.

‘Woodard’ (1960, University of Georgia) is early mid-season with a chill-
ing requirement of 350-400 h. The bush is vigorous, spreading and produc-
tive. The fruit are large and dark blue, with soft to medium firmness, an
excellent flavour and a medium scar. It is poor for shipping and freezing, and is
often damaged by spring frosts. It was once widely grown but is now popular
only for pick-your-own and farm markets.

Newly released rabbiteye cultivars

‘Centra Blue’ (2008, Institute For Plant And Food Research, New Zealand) is a
very late cultivar with a chilling requirement of 600—750 h. The bush is semi-
erect and has medium vigour. The fruit are large and light blue with a small
scar and good firmness and flavour. The fruit have minimal grittiness.

‘Columbus’ (2003, North Carolina State University) is early mid-season to
mid-season with a chilling requirement of more than 600 h. It ripens a little
before ‘Tifblue’. The bush is semi-upright, with medium vigour and good pro-
ductivity. The fruit are large and powder blue, with an average scar, high aroma
and good flavour. It has good storage life and is resistant to cracking but is not
self-fruitful.

‘DeSoto’ (2007, USDA/ARS, Mississippi) fruits in the late mid-season with
a chilling requirement of 600 h or more. The bush is vigorous, semi-dwarf and
somewhat spreading. It will not grow taller than 2 m at maturity, removing the
need for top pruning. The fruit are medium to large, light blue, firm and fla-
vourful with a small picking scar.

‘Ocean Blue’ (2010, Institute For Plant And Food Research, New Zealand)
is a mid-season cultivar with a chilling requirement of 600-750h. The bush
has medium vigour and is upright. It has medium-sized fruit that are medium
blue with little grittiness, a small scar, good firmness and a sweet flavour. It is
recommended for trial as a fresh market, mid-season cultivar.
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‘Onslow’ (2001, North Carolina State University) is a late mid-season cul-
tivar with a chilling requirement of 600 h or more. The bush is upright, vigor-
ous and self-fruitful. The fruit are large, medium blue and firm with a good scar
and pleasant aromatic flavour.

‘Prince’ (2010, USDA/ARS, Mississippi) is early ripening with a chilling
requirement of approximately 600 h. The bush is very vigorous and upright,
and flowers for an extended period. The fruit are medium sized, with excellent
firmness, a dry scar and good flavour.

‘Robeson’ (2007, North Carolina State University) is early ripening with a
chilling requirement of 400-600 h. It is vigorous and upright, and is unusu-
ally adapted to soils with a higher pH. The fruit are medium sized with a good
colour and scar, although they are a little soft. This is a pentaploid.

‘Savory’ (2004, University of Florida) is early with a chilling requirement
of 300 h. The bush habit is between upright and spreading, and tends to over-
bear. The fruit are large and light blue with a good scar, firmness and flavour. It
is very susceptible to flower thrips and gall midge. Early flowering in the spring
often results in freeze damage.

‘Titan’ (2010, University of Georgia) is early with a chilling requirement
of 500 to 550h. The bush is upright, productive and vigorous. It has good
mechanical harvest potential. The fruit are extremely large, very firm, and
hang well on the plant when ripe; berry colour and flavour are good, and dry
scars contribute to good shelf-life. Fruit can crack under wet conditions.

‘Vernon' (2004, University of Georgia) is early with a chilling requirement
of 450-500h. The bush is vigorous and open. The fruit are large, light blue
and firm with a sweet flavour. It needs a pollinator. It has become popular in
recent years due to good fruit quality for harvesting, handling and shipping.

CONCLUSIONS

Most blueberry production comes from cultivars derived from V. corymbosum L.
(highbush blueberry), V. ashei Reade (rabbiteye blueberry; syn. V. virgatum Ait.)
and native stands of V. angustifolium Ait. (lowbush blueberry). Highbush culti-
vars are further separated into northern (NHB) and southern (SHB) types
depending on their chilling requirements and winter hardiness. The identifica-
tion of wild species in the subgenus Cyanococcus has been problematic due to
polyploidy, overlapping morphologies, extensive hybridization and a general
lack of chromosome differentiation.

Among the most important characteristics being sought by blueberry
breeders are flavour, a large fruit size, a light blue colour (a heavy coating of
wax), a small scar where the pedicel detaches, easy fruit detachment for hand
or machine harvesting, firmness and a long storage life. Expanding the range
of adaptation of the highbush blueberry by reducing its chilling requirement
has been an important breeding goal, along with season extension and winter
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cold tolerance. The chilling requirement has been reduced by incorporating
genes from the southern diploid species V. darrowii into V. corymbosum via unre-
duced gametes, although hybridizations with native southern V. corymbosum
and V. virgatum have also played a role. Cultivars are now available with an
almost continuous range of chilling requirements from O to 1000 h.

Most breeding programmes have relied primarily on pedigree breeding
where elite parents are selected in each generation for intercrossing. The
Florida SHB and rabbiteye breeding programmes have also relied on recurrent
selection. There are now a number of blueberry breeding programmes found
across the world that are releasing a steady stream of new cultivars. All new
blueberry cultivars are being patented and licensed.

Blueberries are now routinely micropropagated for commercial sale using
tissue culture techniques. Other biotechnological techniques have not been
widely utilized with blueberries, although the first genetic maps of blueberries
are beginning to emerge that will set the groundwork for marker-assisted
breeding.
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