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Abstract 

Although lowbush blueberries (Vaccinium angustifolium Ait.) have been commercially produced for 
over one hundred and forty years, the development of superior lowbush blueberry cultivars has lagged 
behind the development of northern and southern highbush and rabbiteye cultivars. With traits includ 

ing good winter hardiness, low maintenance, low agrochemical input requirements, resistance to pests, 
ease of mechanical harvest, moderate to high yields and berry compositional attributes including high 
soluble solid and low acid levels, and more recently, high antioxidant and phytochemical contents, there 
has been renewed interest and efforts in breeding lowbush and interspecific hybrid cultivars. The ob 
jectives of this review are to briefly review the blueberry industry and breeding activities and examine 
the contributions and roles of the lowbush blueberry (Vaccinium angustifolium Ait.) in blueberry culti 
var development. 

Introduction 

For centuries, blueberries (Vaccinnium 

spp.) have been touted in folklore and 

medicine as a valuable functional food. 

Due to the abundance and palatability of 

wild blueberries, indigenous people were 

harvesting and using blueberries in fresh 

and preserved forms as a critical compo 

nent of their diet long before North Amer 

ica European colonization (20). In 1615, 

the French explorer Samuel de Champlain 

found indigenous peoples near Lake 

Huron gathering lowbush blueberries 

(Vaccinium angustifolium Ait.) for their 

winter stores. The berries were dried in the 

sun, beat into a powder, and used in foods 

including a dish called "Sautauthig", and 

also used to contend with medical ailments 

including inflammation and diabetes (2, 

20). Blueberries were probably the first 

familiar foodstuff found by many North 

America colonists, since these berries 

were almost identical to the hurtleberries 

(V myrtillus) which grew in large quanti 

ties over England and Scotland (20). The 

natural sweetness of the wild berries made 

this fruit one of the most popular of native 

fruits to the colonists, especially with the 

scarcity and expense of sugar (20). 

Blueberries are calcifuge plants and be 

long to the genus Vaccinium in the heath 

family Ericaceae. Several taxa of 

Cyanococcus (true blueberries) are culti 

vated in North America which include V 

corymbosum L. (highbush), V ashei Reade 

(rabbiteye), V angustifolium Ait. (sweet 

lowbush) and V myrtilloides Michx. (sour-

top lowbush) (8, 11, 13, 20, 30, 34, 35). 

North America is the world's leading blue 

berry producer, accounting for nearly 90% 

of the world production at the present time, 

with the largest production cultivated 

areas consisting of Michigan (29.4 million 

kg), New Jersey (16.3 million kg), British 

Columbia (14.7 million kg), Oregon (9.95 

million kg), and North Carolina (5.88 mil 

lion kg) (26, 33). In addition, the lowbush 

or 'wild' industry provides an additional 

85.9 million kg of blueberries with the 

largest production areas consisting of 

Maine (50.0 million kg), the Canadian At 

lantic provinces (27.2 million kg), and 

Quebec (8.60 million kg) (26, 33). Crop 

usage varies between the cultivated and 

wild blueberry industries with the fresh 

and processed markets accounting for 43.3 

and 56.6%, and 1.98 and 98.2% of the har 

vested cultivated and wild blueberries, re 
spectively (26, 33). 

The major categories of blueberries 

being produced in North America include 

northern highbush, southern highbush, 
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rabbiteye, and lowbush (i.e., wild) blue 

berries (11,30,34,35). Northern highbush 

blueberries are vigorous, productive, 

drought sensitive, grow best on well 

drained acidic soils, and are comprised of 

a multitude of cultivars with examples in 

cluding 'Berkeley', 'Bluetta', 'Bluecrop', 

'Blueray', 'Collins', 'Coville', 'Duke', 

'Elliot', 'Jersey', 'Lateblue', 'Patriot', 

'Rubel', and 'Spartan' (5, 6, 7,11, 31, 35, 

36). The southern highbush blueberry is a 

relatively new introduction that has low 

chill requirements, is self fruitful and is an 

interspecific hybrid of the northern high 

bush (V corymbosum) and one or more na 

tive southern blueberry species (e.g., V. 

darrowi and V ashei) (3,36). Examples of 

southern highbush blueberries presently 

include the cultivars 'Avonblue', 

'Blueridge', 'Cape Fear', 'Cooper', 

'Flordablue', 'Georgiagem', 'Gulf Coast', 

'Jubilee', 'Misty', 'O' Neal', 'Ozarkblue', 

'Reveille' and 'Sharpblue' (34, 36). The 

rabbiteye blueberry contributes approxi 

mately 5% to the total cultivated blueber 

ry industry, is grown in the south-eastern 

United States, generally blooms earlier 

and has a longer period from flowering to 

maturity than southern highbush and is the 

most productive and tolerant cultivated 

blueberry to pests and disease (3, 5, 6,11, 

34, 35, 36). Examples of commercially 

used rabbiteye cultivars include 'Bald 

win', 'Beckyblue', 'Bluebelle', 'Brite-

blue', 'Brightwell', 'Centurion', 

'Chaucer', 'Choice', 'Climax', 'Delite', 

'Powderblue', 'Premier', and 'Tifblue' (3, 

11,34,35,36). The wild blueberry (V an-

gustifolium), or commonly known as Brit-

ton's blueberry, huckleberry, low sugar 

blueberry, and the lowbush blueberry, is a 

perennial shrub which grows in acidic 

soils with high organic matter (1,4,10,11, 

20, 22, 32). Although lowbush blueberry 

cultivars have been developed, the crop in 

Maine, the Canadian Maritimes, and Que 

bec is almost entirely produced by geneti 

cally diverse wild clones (1,4, 20). 

Domestication Efforts 

Blueberry domestication began in New 

Hampshire in 1908 by the United States 

Department of Agriculture. Dr. Frederick 

Coville and Ms. Elizabeth White coordi 

nated this initiative, were active in seeking 

selections of superior wild highbush blue 

berries (Vaccinium corymbosum), and re 

leased the first fifteen commercial culti 

vars of highbush blueberries (5, 11). 

Following Dr. Coville, Dr. George Darrow 

coordinated the USDA blueberry breeding 

program, and provided over 200,000 seed 

ling plants between 1946 and 1962 to co-

operators in 13 states (5,11, 30). This has 

resulted in the continued expansion of cul 

tivated blueberry production in North 

America from 56,715 metric tons in 1986 

to 83,260 metric tons in 1995 (26, 33). 

Domestication of the lowbush blueber 

ry was begun in Maine in the 1930's by Dr. 

L. Whitten at the Maine Experimental Sta 

tion with the selection of 'Augusta' from a 

wild commercial blueberry field (Table 1) 

(32). Following on the success of high 

bush blueberry development, extensive ef 

forts were made by Agriculture Canada re 

searchers at Kentville, Nova Scotia to 

develop superior cultivars for commercial 

scale planting (1,10). Recognizing the ge 

netic potential of V angusttfolium, an ini 

tial screening of 200,000 wild phenotypes 

occurred in Ontario and in commercial 

fields throughout the Atlantic region from 

which 1,000 were selected based on 

growth, development and yield character 

istics (10). From the selected wild pheno 

types, breeding trials focused on enhanc 

ing plant vigour, fruit appearance, and 

yield characteristics, and resulted in the re 

lease of cultivars including 'Brunswick', 

'Chignecto', 'Blomidon', 'Cumberland', 

'Fundy' and 'Kenlate' (Table 1) (10). De 

spite initial results indicating that large 

yields (i.e., 14,000 kg/ha) could be ob 

tained with V angustifolium cultivars such 

as 'Augusta'(13), initial efforts at intro 

ducing these cultivars into commercial 

production were met with limited success 

as a result of excessive input costs associ 

ated with high planting densities (i.e., 1 x 

1 m planting densities), slow growth and 

vegetative expansion and subsequently 

long establishment intervals (i.e., 7 to 10 

years). 
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Table 1. Lowbush and half-high blueberry cultivars introduced in the past 

70 years. 

Culitvar 

Year 

Introduced Location Breeder/Selector Parentage 

Kentville and Ottawa, Canada (lowbush) 

Blomidon 1970 Kentville, N.S., 

Canada 

Brunswick 

Chignecto 

Cumberland 

1965 

1964 

1964 

Fairfield, N.B., 

Canada 

Westbrook, N.S. 

Canada 

L. Aalders, Kentville Res 

Sta, Agriculture Canada 

L Aalders, Kentville Res. 

Sta, Agriculture Canada 

L Aalders, Kentville Res. 

Sta., Agriculture Canada 

Westbrook, N.S., L Aalders, Kentville Res. 

Canada Sta. Agriculture Canada 

451 (selected mid 

from Kirkhill, 

N.S.) x Augusta 

Selection from mid 

native lowbush type 

Selection from native mid 

lowbush type 

Selection from mid, 4 days after 

native lowbush type Brunswick and 4 

d before Blomidon 
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Table 1. Continued 

Realizing the cost and plant establish 

ment challenges associated of using se 

lected cultivars in a commercial lowbush 

blueberry operation, Agriculture and Agri 

Food Canada researchers have recently fo-

cussed on the development of seedling 

plants (14). This has resulted in 42 seed 

ling families being developed from which 

KBF-7 and KBF-10 have been introduced 

(Table 1). KBF-7 is preferred when yield 

and fruit quality are considered (14). 

KBF-10 is of interest due to these 

seedlings being more typical of those 

found in commercial fields (14). KBF-10 

is shorter than KBF-7 and produces rhi 

zomes more readily making KBF-10 po 

tentially suitable for planting into bare 

spots in commercial fields (14). Yields of 

4,600 to 8,400 kg/ha have generated inter 

est in the use of these seedling plants (13, 

14). However, despite having access to 

plant material that has vigorous rhizome 

growth and is late blooming, self-fruitful, 

disease resistant and produces large, uni 

formly ripening berries (6, 20, 32), the 

lowbush blueberry industry in North 
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America has been reluctant to use superior 

lowbush blueberry plant material. Al 

though superior plant material could be 

used in existing wild blueberry fields to fill 

in bare areas and replace poorer yielding 

phenotypes (32), the lowbush industry is 

actively engaged in promoting the crop as 

a wild species that is harvested from nat 

ural stands (20). This reluctance to use 

lowbush blueberry plant material in North 

America is in sharp contrast to the increas 

ing interest and research on V angustifoli 

um plant material in Northern Europe, es 

pecially in areas where northern highbush 

and half-high blueberries are susceptible 

to winter injury and/or cannot be grown 

(27). The inability of the native bilberry 

(V myrtillus) to tolerate full sunlight, strin 

gent forest management regulations re 

stricting input use, labour shortages for 

harvesting, and an inherent low yield po 

tential and soft fruit, have resulted in the 

breeding and recent release of the Finnish 

V. angustifolium cultivars 'Hele' and 

Tumma' (Table 1), as well as facilitating 

breeding efforts now underway at the Es 

tonia Agricultural University (27). In con 

junction with the lowbush cultivars devel 

oped in North America, these new 

cultivars are seeing increasing use 

throughout northern Europe, especially in 

spent peat bogs situated in Estonia, Latvia, 

Finland, and Norway. 

In addition to the development of supe 

rior lowbush blueberry phenotypes, the 

lowbush blueberry has also been used in 

the development of winter hardy, self-

fruitful blueberry cultivars that are gener 

ally 60 to 120 cm in height (i.e., half-high) 

and consist of V angustifolium and V. 

corymbosum parentage (31). Breeding ef 

forts for half-high blueberries at the Uni 

versity of Minnesota, Michigan State Uni 

versity, and the Swedish University of 

Agricultural Sciences have resulted in the 

release of cultivars including 'Chippewa', 

'Northblue', 'Northcountry', 'Northsky', 

'Polaris', 'St. Cloud', 'Northland' and 

'Putte' (Table 1) (31, 34). These cultivars 

branch close to the ground and produce 

fruit that have highbush blueberry size 

(31). Their short-stature provides the ad 

vantage of snow cover for winter protec 

tion allowing half-high blueberries to 

withstand winter temperatures of -40°C 

(8). Due to the winter hardiness of the 

half-high blueberries, these cultivars have 

gained increasing popularity for fresh pro 

duce markets in areas where northern 

highbush blueberries would be prone to 

winter injury including Manitoba, Min 

nesota, northern Michigan and Wisconsin 

(8,31). 

Additional breeding efforts with low 

bush and half-high blueberries have been 

made in the landscaping industry, with 

uses including shrubbery, hedges and a 

naturalized groundcover. This also allows 

for the provision of naturalized plants that 

have edible fruit, attract wildlife, and a 

multitude of fall colours. The phenotypic 

diversity of lowbush plant material has re 

sulted in the selections from native stands 

of several selections in Maine for land 

scaping purposes including 'Spring', 

'Verde', 'Burgundy', 'Claret', 'Jones-

boro', and 'Pretty Yellow' (Table 1). In ad 

dition, the half-high cultivar 'Tophat' is 

only used for ornamental purposes due to 

its low stature (Table 1). 'Tophat' was de 

veloped at the Michigan State University, 

is a self-compatible selection that grows to 

a height of less than 60 cm, and is being 

used for border plantings, small gardens, 

and containers. 

Potential Health Benefits 

of Blueberries 

Lowbush blueberries contain many es 

sential nutritional components including 

water (85%), vitamins A, C, and E, carbo 

hydrates (15%), protein (0.70%), fibre 

(1.5%), and fat (0.50%) (11,16,28). In ad 

dition to these essential components, low 

bush blueberries also contain many organ 

ic acids and polyphenolic substances 

including chlorogenic, citric, malic, 

quinic, acetic, caffeic, p-coumaric, and 

shikimic acids (16, 28). These phyto-

chemicals give blueberries the highest 

oxygen radical absorbance capacity 

(ORAC) of over forty commercially avail 

able fruits and vegetables (17, 28) and, 

within blueberries, lowbush blueberries 
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have a higher anti-oxidant (AO) capacity 

than highbush blueberries (18). The pres 

ence of these phtyochemicals and associ 

ated AO capacity reduce blood sugar, 

serum cholesterol and triglyceride levels 

(2, 23), and have antiallergenic, anti-in 

flammatory, anti-viral, and antiprolifera-

tive activities (12, 23). In addition, these 

phytochemicals provide protective mea 

sures against diabetes (2, 23), stroke (19, 

23), cardiovascular disease (25), lung (21, 

24) and stomach (9, 21) cancers, reduce 

the loss of age-related motor skills and 

memory (15), and improve urinary tract 

and visual health (15, 23, 28, 29). 

Future Directions 

Given the excellent winter injury toler 

ance, pest resistance, ease of mechanical 

harvest, low maintenance, multiple land 

scaping uses and relatively high sugar, low 

acid and high phytochemical levels within 

the berries, the future for the continued de 

velopment of new lowbush blueberry cul-

tivars is bright. With the abundance and 

variability of protective phytochemicals in 

lowbush blueberries, the next phase of 

lowbush blueberry cultivar development 

may be to examine methods to optimize 

these compositional traits by conventional 

or biotechnological breeding techniques. 

These favourable traits will also continue 

to be used in the development of interspe 

cific half-high and highbush hybrids re 

sulting in the continued evolution of supe 

rior blueberry cultivars. 

Acknowledgements 

The authors would like to extend their ap 

preciation to Drs. P. Lyrene (University of 

Florida), J. Smagula (University of 

Maine), D. Yarborough (University of 

Maine), A. Hohtola (Oulu University), and 

A. Jamieson (Agriculture and Agri-Food 

Canada) for their assistance in providing 

information pertaining to this manuscript. 

Literature Cited 

1. Aalders, L.E., I.V. Hall, and A.C. Brydon. 

1979. A comparison of fruit yields of lowbush 

blueberry select clonal lines and related seed 

ling progenies. Can. J. Plant Sci. 59:857-877. 

2. Berman, B.M. J.P. Swyers, and J. Kaczmar-

czyk. 1999. Complementary and alternative 

medicine: herbal therapies for diabetes. J. 

Assoc. Acad. Mino. Phys. 10:10-14. 

3. Birkhold, K.T., K.E. Koch, and R.L. Dar 

nell. 1992. Carbon and nitrogen economy of 

developing rabbiteye blueberry fruit. J. Amer. 

Soc. Hort. Sci. 117:139-145. 

4. Chen, Y, J.M. Smagula, W. Litten, and S. Dun 

ham. 1998. Effect of boron and calcium foliar 

spray on pollen germination and development, 

fruit set, seed development, and berry yield 

and quality in lowbush blueberry. J. Amer. 

Soc. Hort. Sci. 123:524-531. 

5. Eck, P. 1966. Blueberry Culture. Rutgers Uni 

versity Press. New Brunswick, NJ. 

6. Eck, P. 1977. Recent advances in cultivated 

blueberry research in North America. Acta 

Hort. 61:25-31. 

7. Finn, C.E., and J.J. Luby. 1986. Inheritance of 

fruit development interval and fruit size in 

blueberry progenies. J. Amer. Soc. Hort. Sci. 

Ill: 784-788. 

8. Foulk, D., E. Hoover, J. Luby, T. Roper, C. 

Rosen, W. Stienstra, D. Wildung, and 

J.Wright. 2001. Commercial blueberry pro 

duction in Minnesota and Wisconsin. Univ. of 

Minn. Extn. Svc. Bull. WW-02241. 

9. Garcia-Closas, R. C.A. Gonzales, A. Agudo, 

and E. Riboli. 1999. Intake of specific 

carotenoids and flavonoids and the risk of gas 

tric cancer in Spain. Cancer Causes Cont. 

10:71-75. 

10. Hall, I.V. 1979. The cultivar situation in low 

bush blueberry in Nova Scotia. Fruit Var. J. 

33:54-56. 

11. Hancock, J.F., and A.D. Draper. 1989. Blue 

berry culture in North America. HortScience 

24:551-556. 

12. Harbourne, J. 1994. The Flavonoids. Ad 

vances in Research Since 1986. London, UK: 

Chapman and Hall. 

13. Hepler, PR., andI D.E. Yarborough. 1991. Nat 

ural variability in yield of lowbush blueber 

ries. HortScience 26:245-246. 

14. Jamieson, A. 1998. Seed-propagated Kentville 

blueberry families. Wild Blueberry Research 

and Extension Workers Conference, pp 8. 

15. Joseph, J.A., B. Shukitt-Hale, N.A. Denisova, 

D. Bielinski, A. Martin, J.J. McEwen, and P.C. 

Bickford. 1999. Reversal of age-related de 

clines in the neuronal signal transduction, cog 

nitive, and motor behavioural deficits with 

blueberry, spinach, or strawberry dietary 

supplementation. J. of Neuroscience 19:8114-

8121. 

16. Kalt, W. and J.E. MacDonald. 1996. Chemical 

composition of lowbush blueberry cultivars. J. 

Amer. Soc. Hort. Sci. 121:142-146. 

17. Kalt, W. A., Howell, J.C. Duy, C.F. Forney, and 

J.E. MacDonald. 2001. Horticultural factors 

affecting antioxidant capacity of blueberries 

and other small fruit. HortTech. 11:523-528. 



Trends in Lowbush Blueberry Cultwar Development 69 

18. Kalt, W., J.E. MacDoonald, R.D. Ricker, and 

X. Lu. 1999. Anthocyanin content and profile 

within and among blueberry species. Can. J. 

Plant Sci. 79:617-623. 

19. Keli, S.O., M.G.L. Hertog, E.J.M. Feskens, 

and D. Kromhout. 1996. Dietary flavonoids, 

antioxidants, vitamins, and incidence of 

stroke: the Zutphen study. Arch. Int. Med. 

156:637-642. 

20. Kinsmen, G. 1993. The History of the Lowbush 

Blueberry Industry in Nova Scotia, 1880 -1950. 

Queen's Press, Truro, Nova Scotia 189pp. 

21. Knekt, P., R. Jarvinen. R. Seppanen. 1997. Di 

etary flavonoids and the risk of lung cancer 

and other malignant neoplasms. Am. J. Epid. 

146:223-230. 

22. Korcak, R.F. 1988. Nutrition of blueberry and 

other calcifiiges. Hort. Rev. 10:183-227. 

23. Kuhnau, J. 1976. The flavonoids. A class of 

semi-essential food components: Their role in 

human nutrition. In: Bourne G.H. Ed. World 

Rev. Nutr. Diet. Basel Switzerland: S. Karger 

24:117-120. 

24. Le Marchand L., S.P. Murphy, J.H. Hankin, 

L.R. Wilkens, and L.N. Kolonel. 2000. Intake 

of flavonoids and lung cancer. J. Natl. Cancer 

Inst. 92:154-160. 

25. Ness A.R.and J.W. Prowles. 1997. Fruits, veg 

etables and cardiovascular disease: A review. 

Inter. J. Epidemiol. 26:1-13. 

26. North America Blueberry Council. 2000. Cul 

tivated blueberry production statistics. 

http://www.blueberry.org/statistics.html#Gen 

era] Resources. 

27. Paal, T. 2001. Cultivation of Vacciniwn an-

gustifolium from seed. Proceedings of the In 

ternational Conference on Problems of Ratio 

nale Utilization and Reproduction of Berry 

Plants in Boreal Forests on the Eve of the 21st 

Century, pp 193-197. 

28. Prior, R.L. G. Cao, A. Martin, E. Sofic, J. 

McEwan, C. O'Brien, N. Lischner, N. Ehlen-

feldt, W. Kalt, G. Krewer, and CM. Mainland. 

1998. Antioxidant capacity as influenced by 

total phenolic and anthocyanin content, matu 

rity and variety of Vaccinium species. J. Agr. 

Food Chem. 46:2686-2693. 

29. Prior R.L. and G. Cao. 2000. Antioxidant phy-

tochemicals in fruits and vegetables: Diet and 

health implications. HortScience 35:558-592. 

30. Pritts, M.P., and J. Hancock. 1992. Highbush 

Blueberry Production Guide. Cornell Extn.. 

NRAES-55. 200pp. 

31. Quamme, H.A., C. Stushnoff, and C.J. Weiser. 

1972. Winter hardiness of several blueberry 

species and cultivars in Minnesota. 

HortScience 7: 500-502. 

32. Smagula, J.M. and D.E. Yarborough. 1990. 

Changes in the lowbush blueberry industry. 

Fruit Var. J. 44:72-76. 

33. Statistics Canada. 2001. Fruit and vegetable 

production. Catalogue no. 22-003-X1B. pll-

19. 

34. Strik, B., G. Fisher, J. Hart, R.Ingham, D. 

Kaufman, R. Penhallegon, J. Pscheidt, R.C. 

Brun, M.Ahmedullah, A. Antonelli, L. 

Askham, P. Bristow, D. Havens, B. Scheer, C. 

Shanks, and D. Barney. 2000. Highbush Blue 

berry Production. Northwest Berry and Grape, 

Dept. of Extn & Expt. Sta. Comm., Oregon 

State Univ. PNW215. 

35. Trinka, D.L. 1997. Production trends in the 

cultivated blueberry industry of North Ameri 

ca. Acta Hort. 446:37-39. 

36. Williamson, J. and P. Lyrene. 1997. Florida's 

Commercial Blueberry Industry. Univ.of 

FL.Coop. Extn. Svc. Bulletin HS 742. 

Resistance of Geneva and Other Apple 

Rootstocks to Fireblight 
Vigorously growing shoots of 49 different apple rootstocks were inoculated with fire-

blight (Erwinia amylovord) in a greenhouse. B.9, O.3, M.9, and M.26 were the most 

fireblight susceptible. Geneva 11, Geneva 65, Geneva 16, Geneva 30, and Pillnitza Au 

51-11, M.7 and several selections showed the greatest resistance. There were significant 

strain x rootstock interactions. In general the evaluation under orchard conditions agreed 

with results from controlled blossom inoculation or to natural blossom infection. From: 

Norell, J.L., H. T. Holleran, W.C. Johnson, T. L. Robinson, and H. S. Aldwinckle 2003. 

Plant Disease 87: 26-32. 




