NRAES-55

Highbush Blueberry
Production Guide

Northeast Regional Agncultural Engineening Service

& COOPERATIVE EXTENSION



_A COOPERATIVE EXTENSION NRAES-55

Highbush Blueberry
Production Guide

This guide is the second in a series of small-fruit publications originating with NEC-64, a committee sponsored
by the state experiment stations for the study of berry crop production and marketing. The Bramble Production
Guide (NRAES-35) is the first publication.

Editors
Marvin P. Pritts, Associate Professor, Cornell University
James F. Hancock, Professor, Michigan State University

Contributing Editor
Bernadine Strik, Assistant Professor, Oregon State University

lllustrator
Marcia Eames-Sheavly

Production Editor and Designer
Dana Celentano

Northeast Regional Agricultural Engineering Service
152 Riley-Robb Hall

Cooperative Extension

Ithaca, New York 14853



ACKNOWLEDGMENTS

Special thanks to the following reviewers who made important contributions
to this production guide:

Wesley Autio, pomologist, University of Massachusetts; Michael Burgett,
entomologist, Oregon State University; Robert Childs, grower, New York;
John Clark, pomologist, University of Arkansas; Rodney Cook, Michigan
Blueberry Growers’ Association; Arlen Draper, plant breeder, USDA (retired);
Chad Finn, assistant professor of horticulture/state fruit crop specialist,
University of Missouri; Glenn Fisher, entomologist, Oregon State University;
Gene Galletta, plant breeder, USDA, Maryland; Barbara Goulart, pomologist,
The Pennsylvania State University; David Himelrick, pomologist, Auburn
University; James Johnson, entomologist, Michigan State University; Ron
Korcak, plant physiologist, USDA, Maryland; Kenna MacKenzie, entomolo-
gist, Cornell University; Charles Mainland, extension specialist, North
Carolina State University; Phil Marucci, Tru Blue Cooperative, New Jersey;
Roger Morse, entomologist, Cornell University; Gail Nonnecke, pomologist,
Iowa State University; Dean Polk, entomologist, Rutgers University; Jay
Pscheidt, pathologist, Oregon State University; Ed Rajotte, entomologist, The
Pennsylvania State University; Marty Sailus, director, Northeast Regional
Agricultural Engineering Service; Ken Samoil, entomologist, Rutgers Univer-
sity; Craig Storlie, agricultural engineer, Rutgers University; Allan Stretch,
pathologist, Rutgers University; David Trinka, Michigan Blueberry Growers’
Association; Nicholi Vorsa, plant breeder, Rutgers University; Ray William,
weed and vegetation management specialist, Oregon State University.

The following provided photographs for this guide:

Art Agnello, Paul Curtis, Marvin Pritts, and Wayne Wilcox (Cornell Univer-
sity); Dan Barney (University of Idaho); Paul Eck, Gary Pavlis, Allan Stretch,
and Nicholi Vorsa (Rutgers University); Erwin Elsner, James Hancock, Eric
Hanson, and Don Ramsdell (Michigan State University); David Himelrick
(Auburn University); John Meyer (North Carolina State University); Fred
Olday (Jasper Wyman and Sons, Maine); Bernadine Strik (Oregon State
University).

NRAES-55
October 1992

©1992 by the Northeast Regional Agricultural Engineering Service
Al rights reserved. Inquiry invited. (607) 255-7654.



TaBLE oF CONTENTS

ABOUT THE AUTHORS................. il
LIST OF TABLES ....coooooo oo eeeeeeee oo \%
LIST OF FIGURES ...vvttieiiiieiieiiiiieeieiiiteeeecteeeeeeitteeeeesennraeeeeetateeesesnnneeesennnnsssnnnneess vii
KEY TO PHOTOGRAPHS .......oooooiieieeee oo esesesseeessessemeeosemmseseses s sssesssesesssssereee viii
INTRODUGTION ... eeeeeeseesesseeneees 1
CHAPTER 1: THE HIGHBUSH BLUEBERRY .......oooooeeceeeoiiiccmomoeoomoeeeoreeeeseeneeeseeeseesssssssessseeoseneeesseseeeene 4

Taxonomy ®History®For More Information

CHAPTER 2: BLUEBERRY GROWTH AND DEVELOPMENT ... .9
Plant Growth Habit®Root System®Flowering®Fruit®Environmental Stress

CHAPTER 3: SITE SELECTION AND PREPARATION ..........ccooooiiiiioiiiioeooooeereeeeeeeeeeeeesesessesssessesoces 17
Climate®Soil*Soil Drainage*Irrigation®Air Drainage®Location to Markets® Site
Preparation®Fumigation®Cover Crops®For More Information

CHAPTER 4: PLANT SELECTION AND PROPAGATION ....ccoomvvooerecoeeee. 22
Blueberry Varieties® Blueberry Propagation

CHAPTER 5: ESTABLISHING THE BLUEBERRY PLANTING ..o 34
Field Layout®Planting® Managing the New Planting

CHAPTER 6: MAINTENANCE OF THE ESTABLISHED PLANTING ..... e 37
Pruning*Mulching®Pollination *For More Information

CHAPTER 7: NUISANCE WILDLIFE IMANAGEMENT ..........vvooeeeeeeeeeeeeeeerseesesseseseeesssssesssssssenessesssesesens 41
Birds®Deer*Voles*Pocket Gophers®Woodchucks®For More Information

CHAPTER 8: ARTHROPOD MANAGEMENT .......ooooioooroorooeeeeveeeeeoesssesessssesseeeee oo eeeeeseeeeessssmmmmsseemeneessssn 55
Pests Infesting Buds®Pests Infesting Flowers and Frult'Pests Infesting Leaves
and Shoots®Pests Infesting Stems, Canes, Crowns, and Roots®For More Information

CHAPTER 9: NEMATODE AND DISEASE MANAGEMENT .........ccoooiiomroonireeeeeeoeeeeeeeeeeeeveoeeeeeeneeenensesn 76
Nematodes®Virus and Virus-Like Diseases®Fungal Diseases®For More Information

CHAPTER 10: WEED MANAGEMENT . 95
Preplant Weed Control®Weed Control in New Plantings®Weed Control in
Established Plantings®For More Information

CHAPTER 11: NUTRIENT MANAGEMENT .....coooocccricmmresmmeseensens s sssssssssessssssssesssssssssssssssssss s 99
Symptoms of Nutritional Problemse®Soil Testing® Leaf AnalySIS'Fertlhzers and Rates

CHAPTER 12: WATER MANAGEMENT ........oooroosoeoneesnessessssssssssessenssessssssssssesssssssmssssssssssssssosssoeeen 110
Excess-Water Considerations®Deciding to Irrigate®Water Supply Considerations®
Selecting an Irrigation SystemeScheduling Irrigation®Equipment Use and
Maintenance*For More Information

[continued on next page]




Highbush Blueberry Production Guide Table of Contents

CHAPTER 13: SPRAY APPLICATION TECHNOLOGY ....ooooooeeeeeeeeeeeeeceeeeeeeeeeeeeeeee oo 128
Power Spraying Equipment®Spraying Equipment for Small Plantings®Sprayer
Maintenance

CHAPTER 14: HARVESTING AND HANDLING BLUEBERRIES .......cooooooeoeeeeeeeeeeeeeeeeeeeeseoee 142

Preharvest Treatment®Harvest® Transportation®For More Information

CHAPTER 15: MARKETING BLUEBERRIES .......ccocoireesseeeseseeseseeeeeeeeseeeeeesessessssssssssessessseseeseeees e 149
Production and Price Trends®Marketing Options® USDA Standards for Blueberry
Grades

CHAPTER 16: BLUEBERRY CROP BUDGETING ......coccoooeeeeeeeseees oo eeeeeeseeeeeenesessssesssesses s 156
Types of Costs®Blueberry Enterprise Budget®Developing Your Own Budget®

Case Study

APPENDIX 1: CALCULATING CATION EXCHANGE CAPACITY OF A SOIL ..o 169
APPENDIX 2: FERTIGATION FOR BLUEBERRIES .......ooroooooooeeoeeee oo seeeseess e 172

Adjusting pH of the Irrigation Water®Applying Fertilizers through Irrigation

KEY TO BLUEBERRY PROBLEMS .......coccoooivciivimiiiecsesrecessessesseeee s ssoeeeeesssssssssses s sssneeeeeeessos 174
TABLE OF CONVERSION FACTORS .....cccoccccccmemeeeecoeeeee oo eeeeeeeeeeesseeseese s 179
PHOTOGRAPHS ....ccoosvvrrresiererresneers s sssessssssssssssssssssssssssssssessssmsssesssssssssesssssseessssssee e 180
GLOSSARY .o reveeersssmeee s ssmsssss s sssss s sssss s 195
SUPPLEMENTAL INFORMATION .........cooosooievroneseossoesssoseesssssseesssesssessasssses st 199

The Northeast Regional Agricultural Engineering Service (NRAES) is an official activity of thirteen land
grant universities and the U.S. Department of Agriculture. The following are cooperating members:
University of Connecticut Rutgers University
Storrs, CT New Brunswick, NJ
University of Delaware Cornell University
Newark, DE Ithaca, NY
University of the District of Columbia The Pennsylvania State University
Washington, DC University Park, PA
University of Maine University of Rhode Island
Orono, ME Kingston, RI
University of Maryland University of Vermont
College Park, MD Burlington, VT
University of Massachusetts West Virginia University
Ambherst, MA Morgantown, WV
University of New Hampshire
Durham, NH

Ii



ABout THE AUTHORS

ART ANTONELLI is an extension entomologist with Washington State Univer-
sity, Puyallup, WA. [Chapter 8]

Dan BARNEY is an assistant professor and stress physiologist working on fruit
crops with the University of Idaho, Sandpoint, ID. [Chapter 2]

PeTER BRIsTOW is a research pathologist with Washington State University,
Puyallup, WA. [Chapter 9]

CuarLES BRUN is a cooperative extension agent with Washington State
University, Vancouver, WA. [Chapter 14]

RaLpu BYTHER is an extension plant pathologist with Washington State
University, Puyallup, WA. [Chapter 9]

Mark CASTALDI is an economist with Dole Dried Fruit and Nut Company,
Fresno, CA. [Chapter 16]

Paur CURTIS is an extension associate with the wildlife damage program in
the Department of Natural Resources, Cornell University, Ithaca, NY.
[Chapter 7]

DoNaLp DauM is a professor with the Department of Agricultural and Biologi-
cal Engineering, The Pennsylvania State University, University Park, PA.
[Chapter 13]

Marcia EAMES-SHEAVLY is an extension support specialist with the Depart-
ment of Fruit and Vegetable Science, Cornell University, Ithaca, NY. [Illus-
trations]

ErwiN ELSNER is an extension agricultural agent in Grand Traverse County,
MI. [Chapter 8]

MicuAEL FARGIONE is a research support specialist in the Department of
Natural Resources, Cornell University, Hudson Valley Lab, Highland, NY.
[Chapter 7]

LaRRY GEOHRING is a senior extension associate with the Department of
Agricultural and Biological Engineering, Cornell University, Ithaca, NY.
[Chapter 12]

Jamus HANCOCK is a professor specializing in blueberries at Michigan State
University, East Lansing, ML. [Chapter 4; Key to Blueberry Problems]

Eric HaNsON is an associate professor and extension specialist with the
Department of Horticulture at Michigan State University, East Lansing, MI.
[Chapters 10, 11, 15]

fii



Highbush Blueberry Production Guide About the Authors

JouN Hart is an associate professor and extension soils specialist with
Oregon State University, Corvallis, OR. [Chapter 11]

Dyvon HAVENS is a cooperative extension agent with Washington State
University, Mt. Vernon, WA. [Chapter 10]

RusseLL INGHAM is an associate professor and nematologist with the Depart-
ment of Botany and Plant Pathology, Oregon State University, Corvallis, OR.
[Chapter 9]

Diane KAUFMAN is a cooperative extension agent for Oregon State University,
Aurora, OR. [Chapter 14]

WiLLiam LoRD is an extension fruit specialist with the Department of Plant
Biology, University of New Hampshire, Durham, NH. [Chapters 2 and 5]

Gary C. Pavuis, Ph.D, is an agricultural agent with Rutgers Cooperative
Extension of Atlantic County specializing in highbush blueberry production
in Mays Landing, NdJ. [Chapter 14]

Ross PENHALLEGON is an extension agent for Oregon State University, Eugene,
OR. [Chapter 4]

MarvIN PrITTS is an associate professor and extension fruit specialist with the
Department of Fruit and Vegetable Science at Cornell University, Ithaca,
NY. [Chapters 1, 3, 6, 16; Appendixes]

DonaLp RaMSDELL is a professor specializing in blueberry viruses with the
Department of Botany and Plant Pathology, Michigan State University, East
Lansing, MI. [Chapter 9]

BILL SCHEER is a cooperative extension agent with Washington State Univer-
sity, Tacoma, WA. [Chapter 15]

NaNcy SCHULTE is a research specialist with the Department of Agricultural
Engineering, Michigan State University, East Lansing, MI. [Chapter 4]

CARL SHANKS is a research entomologist with Washington State University,
Vancouver, WA. [Chapter 8]

JAMES SPIERS is a plant breeder and nutritionist with the USDA in
Poplarville, MS. [Chapter 4]

BERNADINE STRIK is an assistant professor and berry crop extension specialist
with the Department of Horticulture at Oregon State University, Corvallis,
OR. [Chapters 1 and 11]

WayNE WILCOX is an associate professor with the Department of Plant Pathol-
ogy at the New York Agricultural Experiment Station, Geneva, NY.
[Chapter 9]




LisT oF TABLES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nutrient composition of an average one-cup (145 g) sample of blueber-
ries (p. 6)

Worldwide highbush blueberry commercial production, 1989 (p. 7)

Effects of self-pollination and outcrossing on normal seed production
and fruit weight in highbush blueberry varieties (p. 13)

Approximate amount of sulfur (pounds per acre) required to lower soil
pH to 4.5 (p. 20)

Important characteristics of selected highbush varieties (p. 23)

Deficient, sufficient, and excessive nutrient concentrations in blueberry
leaves (p. 103)

Recommended annual rates of nitrogen (pounds per acre) in a typical
northeastern or midwestern blueberry planting (p. 105)

Fertilizer sources of major nutrients (p. 105)

Suggested micronutrient sources and application techniques (p. 107)
Natural deposits that can be used as fertilizers (p. 108)

Organic materials that can be used to decrease soil acidity (p. 108)

Nutrient content of organic materials used for macronutrient supple-
mentation (p. 109)

Water source factors and their influence on drainage systems (p. 113)
Typical water-holding capacity for various soils (p. 114)

Monthly average potential evapotranspiration or peak use rate of water
demand for July and August at various locations in the U.S. (p. 115)

Characteristics of different pump types (p. 130)

Typical blueberry harvest dates (p. 143)

Defect tolerances for fresh blueberries at shipping point (p. 153)
Defect tolerances for fresh berries en route or at destination (p. 154)
Frozen blueberry scoring for absence of defects (p. 155)

Summary of machinery ownership and operating costs (p. 158)

[continued on next page]




Highbush Blueberry Production Guide List of Tables

22.

23.

24.

25.

26.

27.

Schedule of operations and costs per acre from the Hudson Valley study
(Year 1—Site Preparation) (p. 162)

Summary of production costs per acre from the Hudson Valley study
(Year 1—Site Preparation) (p. 163)

Schedule of operations and costs per acre from the Hudson Valley study
(Year 2—Planting) (p. 164)

Summary of production costs per acre from the Hudson Valley study
(Year 2—Planting) (p. 165)

Schedule of operations and costs per acre from the Hudson Valley study
(Year 9—Full Production) (p. 166)

Summary of production costs per acre from the Hudson Valley study
(Year 9—Full Production) (p. 167)

Vi



LisT oF FIGURES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A mature blueberry plant during the dormant season (p. 9)
Flower and vegetative buds on dormant shoot (p. 10)
Cross-section of a blueberry flower (p. 12)

Cross-section of a blueberry fruit (p. 13)

Hardwood cutting (p. 30)

Softwood cutting (p. 33)

Seasonal fluctuations in leaf nutrient concentrations (p. 104)

Average monthly precipitation and potential evapotranspiration at
Aurora, NY, based on 5 years of data (p. 110)

Average weekly rainfall at Rochester, NY, based on 30 years of data
(p. 111)

Probabilities of receiving at least 0.2, 1.0, and 2.0 inches of precipita-
tion for the week indicated at Rochester, NY (p. 111)

Tensiometer (p. 126)

Relationship between soil type, saturation, and tensiometer reading
(p. 126)

Uniform spray coverage on a blueberry leaf (p. 128)
Tractor- and trailer-mounted air-blast sprayers (p. 129)
Pumps used on air-blast sprayers (p. 130)

Sprayer nozzles (p. 131)

Axial-flow fan (p. 132)

Hand-held sprayers (p. 137)

Knapsack sprayer (p. 137)

Powered knapsack sprayer (p. 138)

Proper loading of a refrigerated trailer (p. 148)

Trends in North American blueberry production (p. 149)
Trends in raw-product blueberry prices (p. 150)

Utilization of 1989 North American blueberry production (p. 151)

vii



Key To PHOTOGRAPHS

CHAPTER 1 1. Lowbush blueberry planting in Maine
2. Lowbush blueberry fruit
3. Rabbiteye blueberry planting in winter
4. Rabbiteye blueberry fruit
5. Highbush blueberry planting
6. Highbush blueberry fruit
7. Rabbiteye (Bonita and Beckyblue) and highbush (Sharpblue) fruit
8. Young half-high blueberry plant (Northblue)
CHAPTER 2 9. Flower and vegetative bud break on a shoot
10. Spring bud break in a highbush blueberry
11. Full bloom in a young planting
12. New cane growth from crown in late spring
13. Buds forming in axils of leaves in autumn
14. Fibrous structure of a young root system
15. Structure of a mature root system
16. Flower clusters
17. Cross section of a blueberry flower
18. Bumblebee sonicating a flower
19. Petal fall and fruit set

20. Effects of self-pollination (third row) and outcrossing on fruit size in
Spartan

21. Fruit cluster of ripening berries
22. Winter-injured shoot

23. Winter-injured flower

24. Frost-injured blossoms

25. Flooded blueberry plants

26. Raised bed culture

viii



Highbush Blueberry Production Guide

Key to Photographs

CHAPTER 4

CHAPTER 5

CHAPTER 6

CHAPTER 7

CHAPTER 8

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

54.

55.

Stages of rooting in hardwood cuttings
One-year-old plants rooted in lugs
Container production of blueberry plants
Screenhouse production

Propagation beds

Digging 2-year-old plants to sell
Tissue-cultured plantlet

Newly planted blueberry field

Young field with sod middles and sawdust mulch
Blueberry bush before pruning
Blueberry bush after pruning

Dead shoots remaining after cutting canes too high
Bush after removing dead shoots

Mature bush that has never been pruned
Neglected planting

Neglected planting after pruning

Nectar robbing by honey bees

Netting for bird control

Auditory frightening device

Explosive sound device

Eye-spot balloon

Hawk-kite

Owl model

Slanted deer fence

Meadow vole

Woodchuck

Bud mite damage to fruit buds

Cutworm

Spanworm

ix



Highbush Blueberry Production Guide

Key to Photographs

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Adult blossom weevil

Blossom weevil feeding injury
Cranberry fruitworm adult

Feeding site of cranberry fruitworm
Cherry fruitworm eggs

Adult blueberry maggot
Maggot-infested berry

Ovipositor entrance

Plum curculio oviposition scar
Green fruitworm

Japanese beetle adult

Rose chafer adult

Carpenter bees (left) and bumblebees (right)
Leafroller nest in fruit

Red-banded leafroller damage
Oblique-banded leafroller larva
Fruittree leafroller larva

Adult red-banded leafroller

Adult oblique-banded leafroller
Adult fruittree leafroller

Hatched egg mass of oblique-banded leafroller
Fruittree leafroller egg mass
Leafminer

Leafminer tepee tent

Sawfly larva

Datana worms

Sharp-nosed leathopper egg scars and first instars

Sharp-nosed leathopper fifth instar

Sharp-nosed leathopper adult




Highbush Blueberry Production Guide Key to Photographs

CHAPTER 9

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Blueberry aphids

Tip borer injury symptoms
Stem gall

Putnam scale exposed on bark
Putnam scale on fruit
Terrapin scale

Blueberry stem borer

Adult root weevil

Root weevil grub

White grub

Cuttings from an area infested with stubby-root nematodes (right)
compared with cuttings from a clean area (left)

Necrotic flower clusters in Pemberton infected with blueberry scorch
carlavirus

Rod-shaped virus particles purified from blueberry scorch—diseased
blueberry

A Berkeley bush infected with the blueberry shock ilarvirus
A leaf from a Berkeley bush infected with the blueberry shock ilarvirus

Spherical virus particles purified from blueberry infected with the
blueberry shock ilarvirus

Sheep Pen Hill disease at bloom

Sheep Pen Hill disease during the first growth flush in plant on right
Later stages of Sheep Pen Hill disease in plant on right

Shoestring diseased leaves of Jersey

Shoestring diseased leaves of Jersey, showing crescent-shaped leaves
and reddening

Shoestring diseased stem of Jersey showing elongate red streaks on
wood

Shoestring diseased blossoms of Jersey with characteristic pinkish
coloration

Leaves of Rubel infected with blueberry leaf mottle virus

Leaves of Jersey infected with blueberry leaf mottle virus

Xi



Highbush Blueberry Production Guide Key to Photographs

110. Necrotic ringspot in Pemberton exhibiting necrotic, shotholed and
deformed leaves

111. Necrotic ringspot in Concord with small, rosetted leaves

112. Tomato ringspot virus—infected Earliblue leaves with mottles and
spotting

113. Fruit of Rancocas infected with red ringspot virus; small light spots on
surface

114. Leaves of Blueray infected with red ringspot virus. Spots may have
green centers

115. Stem of Blueray infected with red ringspot virus
116. Leaves of Bluecrop infected with mosaic virus

117. Leaves of Coville showing a mosaic pattern probably caused by a
genetic disorder

118. Blueberry stunt-diseased bush on right

119. A stunt diseased Jersey bush showing downward-cupped leaves with
yellowish borders

120. Bluecrop leaves infected with stunt MLO
121. Alternaria fruit rot

122. Anthracnose fruit rot

123. Botrytis blight of flower clusters

124. Botrytis spores on blossoms

125. Fusicoccum canker injury

126. Stem symptoms of fusicoccum canker

127. Mummy berry shoot infection

128. Mummy berry spore formation on blighted shoots
129. Mummy berry infection of fruit

130. Interior of fruit infected with mummy berry
131. Fruiting body of mummy berry fungus

132. Phomopsis canker injury

133. Stem symptoms of phomopsis canker

134. Symptoms of stem canker

135. Powdery mildew

Xii



Highbush Blueberry Production Guide Key to Photographs

CHAPTER 10

CHAPTER 11

CHAPTER 12

CHAPTER 13

CHAPTER 14

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Witches’ broom

Rotary hoe for weed control

Landscape fabric for weed control

Severe injury from glyphosate herbicide

Less severe injury from glyphosate

Injury from napropamide herbicide

Injury from simazine herbicide

Injury from terbacil herbicide

Injury from norflurazon herbicide

Clean cultivation

Grass middle and organic mulch

Fescue row middle

Nitrogen-deficient blueberry plant on right
Phosphorus deficiency symptoms

Potassium deficiency symptoms

Leaves of magnesium-deficient blueberry plant
Tip dieback caused by boron deficiency

Range of boron levels in soil as they affect leaves
Iron deficiency induced by high pH

Blueberry roots fed different sources of nitrogen
Sprinkler irrigation system in nursery
Sprinkler system for frost protection

Vertical boom sprayer

Vertical boom sprayer

Air mist sprayer

Air-blast sprayer

Hand-held harvester

Tractor-powered harvester

Self-propelled harvester

Xiii



Highbush Blueberry Production Guide

Key to Photographs

165.
166.
CuapTER 15  167.

168.

Sorting line
Flat of blueberries
PYO blueberries

PYO checkout building

Xiv



INTRODUCTION

Blueberries and cranberries are the only two commercially cultivated fruit
crops native to North America alone. Although wild blueberries were used
extensively by indigenous people and early European settlers, they are
among the most recently domesticated fruit crops. Three major cultivated
types of blueberries exist: the lowbush blueberries of Maine and eastern
Canada, the rabbiteye blueberries of the Deep South, and the highbush
blueberries native to the eastern United States. Hybrids between these
groups are also grown commercially. This production guide pertains only to
the highbush blueberries.

Interest in blueberries as a cultivated crop began about a century ago, and
after some pioneering cultural and breeding work by Frederick Coville and
George Darrow, the industry developed at a phenomenal rate. Land once
considered worthless for agriculture was found to be ideal for blueberry
production. Today, North America has more than 40,000 acres of highbush
blueberries. Currently, Michigan leads the nation in highbush blueberry
production, followed by New Jersey. Other states that account for significant
production are North Carolina, Oregon, Washington, Georgia, New York,
Pennsylvania, Missouri, Indiana, and Arkansas. Highbush blueberries are
also widely grown in British Columbia and Ontario.

Blueberries are sold fresh or frozen, or processed into jelly, juice, and dessert
fillings. The ability to shift the production to either the fresh or processing
markets has resulted in relatively high, stable prices for growers. Blueberries
still rank high among the fruit crops used by consumers for the first time,
indicating that the market is still growing.

Blueberries are an ideal crop for both small and large farms. Family labor
can be utilized for many duties on the small farm, while many tasks on larger
farms are mechanized. Blueberries have relatively few pest problems, so once
the planting is established, maintenance costs are lower than for many other
fruit crops. Blueberries can be grown organically in areas without large
commercial production, and where disease-free planting stock is used.

A blueberry grower must consider many factors before investing in a plant-
ing. The first consideration is marketing; without a market, no profit can be
made. The second consideration is economics, especially during the long
payback period. Third is producing a crop. Those considering a blueberry
operation will find Farming Alternatives: A Guide to Evaluating the Feasibil-
ity of a New Farm-Based Enterprise a valuable planning tool; it is available
from NRAES, 152 Riley-Robb Hall, Ithaca, NY 14853; (607) 255-7654.

This Highbush Blueberry Production Guide is intended to aid the potential
and established commercial grower in all aspects of blueberry production,
from site preparation through plant selection, planting, plant training, pest
and disease control, nutrient and moisture management, harvest, marketing,
and economics. More than fifty researchers, extension workers, and growers
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Using the Guide

from 17 states contributed to this guide, so it is truly comprehensive in
scope. Its three-ring format allows the owner to add information from
other sources.

The guide is organized into 16 chapters. Chapters 1 and 2 acquaint the
reader with the origin of the cultivated blueberry and with terms that are
used throughout the guide. Some of these involve scientific concepts that
may not be familiar to the grower, but they are concise descriptions of
plant parts or physiological processes.

Chapters 3 through 5 should be read by growers who are preparing to
plant blueberries for the first time, or growers who are planning to
expand their acreage or replant. These chapters contain information that
is not yet widely available in North America.

Chapters 6 through 10 are written for growers of established plantings.
Chapter 6 describes the care of blueberry plants, and chapters 7 through
10 discuss pest management. Since blueberries are a relatively minor
crop, integrated pest management plans are not well developed for all
growing regions. However, these chapters can assist with the develop-
ment of an IPM program for an individual farm. This section is best used
in conjunction with the photographs.

Chapters 11 and 12 involve the management of nonliving factors in the
blueberry planting—nutrients and water. The appendixes supplement
chapter 11 for those interested in understanding soil test recommenda-
tions and the injection of chemicals through irrigation systems.

Chapters 12 through 14 involve engineering principles. Water drainage
and spray application are particularly important in the 1990s with the
realization that environmental degradation can result from improper
practices. Proper harvesting and handling are essential, for it does the
grower no good to grow a beautiful crop of blueberries only to have them
rejected at the market because of poor handling.

Chapters 15 and 16 should be read by anyone considering blueberry
production for the first time. Identification of a market should be the first
step when contemplating a blueberry operation. Budgeting is typically
the most neglected aspect of the farm enterprise, but knowing the costs of
production is important for making wise management decisions.

The Key to Blueberry Problems integrates much information about
disorders by grouping them into categories based on symptoms. Here a
grower can find a list of the most likely causes of a particular problem,
and use the key to identify the specific cause. The key includes some
information not presented in any chapter.

English measurements are used throughout the text; an English-to-
metric conversion table is included on page 179.
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The color photographs beginning on page 180 are the best collection yet
assembled for blueberries. Many individuals contributed to this collection,
making it perhaps the most useful part of this publication.

The glossary beginning on page 195 defines terms used by blueberry growers
and researchers; some definitions cite illustrations that clarify the term’s
meaning.

Many chapters end with a list of resources. The guide also includes a list of
other information currently available on blueberries. Some items on this list
might be useful for growers in specific regions of the United States.

The editors hope this guide will be easy to use, and have planned it to be the
most comprehensive source of information available to the blueberry grower.




Chapter 1

THE HiGHBUSH BLUEBERRY

Taxonomy

Blueberries are members of the Ericaceae family, which also includes
rhododendron, azalea, Indian pipe, heath, cranberry, and huckleberry. Most
members of this family require acid soils for good growth and reproduction.
Ericaceous plants are also known for the symbiotic relationship that has
evolved with endomycorrhizal fungi. The fungi inhabit the roots of ericaceous
plants and aid in water and nutrient uptake while using carbohydrates in
the plant as a food source. This association helps ericaceous plants to inhabit
nutrient-poor environments; they are often found in the drier areas of bogs
where other plants cannot survive. However, these fungi may not be found in
plantings where cultivation and inorganic fertilizers are used extensively.

The Ericaceae family is divided into four subfamilies: the Vaccinioideae
contains the genus Vaccinium which, in turn, contains the subgenus
Cyanococcus—the true (or cluster-fruited) blueberries. Within Vaccinium are
approximately 400 species, most of which occur in Malaysia. The 26 species
that occur in North America include whortleberries, deerberries, bilberries,
sparkleberries, cranberries, lingonberries, and blueberries. The ten-seeded
fruit of the huckleberry (Gaylussacia spp.) is often confused with the many-
seeded blueberry fruit, but these plants are in different genera.

Three major types of blueberries are harvested commercially. The lowbush
blueberry (V. angustifolium and, to some extent, V. myrtilloides) (photos 1-2)
is harvested from managed wild stands in the eastern provinces of Canada
and the northeastern United States. The rabbiteye blueberry (V. ashei) is
grown in the southeastern United States (photos 3—4). The highbush blue-
berry (V. corymbosum) is the major cultivated species in North America
(photos 5-7). It occurs in native stands from southern Nova Scotia west to
southern Wisconsin and south along the Atlantic Coast and to eastern Texas.

Mature highbush plants are 6 to 8 feet tall. Several canes are produced from
the crown each spring, and canes live for many years. Flower buds form in
the fall, and plants produce fruit about 2 months after flowering in spring.
Yields have been reported to be more than 25,000 pounds per acre, although
more typical yields in a well-managed commercial planting range from 4,000
to 6,000 pounds per acre. Fruits typically weigh 1 to 2 grams each, up to 4
grams for certain varieties under ideal conditions.

That blueberries and cranberries are the only commercially grown endemic
fruit crops has several implications for cultivation. First, there are no major
imported insect or disease pests of blueberry. Second, the blueberry flower is
not easily pollinated by the honey bee, which evolved in Europe and Asia, so
native wild bees are the most effective pollinators where they are available in
sufficient numbers.
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History

Wild blueberries make up a significant portion of the diets of chipmunks,
bears, and several bird species. Before the arrival of Europeans in North
America, indigenous people dried the fruit for use in winter. Because high-
bush blueberries were not familiar to Europeans, the fruit received little
attention from agriculturists until the late 1800s. The blueberry is one of the
most recently cultivated major fruit crops, having been domesticated entirely
within the 20th century.

In the first step towards domestication, wild selections were transplanted into
backyards and fields. One of the earliest stands (c.1850) of transplanted
blueberries is on the grounds of the Smithsonian Institution. Another early
planting (1893) was made in Michigan by Mrs. Anson Gass. Elizabeth White
of Whitesbog, New Jersey, was a commercial cranberry grower who convinced
her workers through monetary incentives to search for exceptional blueberry
bushes in the wild and transplant them to her farm. Over the years she
collected many plants which would later be used in breeding programs. While
these wild plants were being collected, limited cultural work was beginning at
several state experiment stations. Researchers established the need for acid
soils, good drainage, a chilling requirement, and insect pollination, and found
that blueberries could be propagated by cuttings. This information provided
the basis for subsequent breeding advances.

Dr. Frederick Coville, botanist and plant breeder for the United States De-
partment of Agriculture, provided leadership for the first blueberry breeding
program. He made some initial selections in 1908 from native plants in New
Hampshire and performed his first successful hybridization in 1911. That
same year, White permitted Coville to use her farm, and by 1937 they had
released 8 varieties from wild selections and 15 improved varieties derived
from controlled crosses. By 1959, the number of improved varieties directly
attributed to Coville had risen to 30. Many of these are still widely grown.

George Darrow assumed leadership of the USDA blueberry breeding program
after Coville, and began to coordinate cooperative research with the state
experiment stations and private growers. Although the blueberry industry
began in New Jersey, Stanley Johnston, professor at Michigan Agricultural
College, stimulated considerable interest in growing blueberries along the
eastern shore of Lake Michigan where soils were ideal for the blueberry. This
land was considered to be too poor for agriculture, so it was purchased for a
low price by potential blueberry growers. Although blueberry production was
successful there, major markets were several hundred miles away. The
Michigan Blueberry Growers’ Association was formed in 1936 for the purpose
of shipping berries to Chicago, Detroit, and Toledo. It was patterned after the
successful New Jersey growers’ cooperative. Today, marketing is coordinated
with southern growers in Arkansas and Florida to supply worldwide markets.

In the 1930s, growers and scientists from New Jersey began to realize that the
acidic sandy soil in North Carolina would probably support highbush blue-
berry production. Stem canker became a serious problem in this region, so a
breeding program with an objective of developing resistant varieties was
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Table 1. Nutrient composition of an average one-cup (145 g)
sample of blueberries.

initiated in the 1940s. By the 1950s, the first resistant varieties were released.
The emphasis of the industry has been to supply fresh fruit in May to the
population centers in the East.

In the 1930s and 1940s, growers began to plant highbush blueberries in the
peaty areas around Puget Sound, Puyallup, Washington, and then in other
parts of Washington and Oregon. The crop was mainly harvested fresh for
local and California markets. Now a fair portion of the crop is processed.

Scientists in the land-grant university system have also been interested in
blueberry production. Today, breeding programs exist in Michigan, New
Jersey, North Carolina, Maryland, Minnesota, Arkansas, Mississippi, Texas,
and Florida. Canada, several European countries, New Zealand, and Australia
also have breeding programs. Major breeding objectives are sweet, intense
fruit flavor, large fruit size, small fruit scar, light blue color, winter hardiness,
drought resistance, wide climatic adaptation, broad soil adaptation, disease
resistance, erect habit, adaptability to mechanical harvesting, and late flower-
ing coupled with early ripening. Interspecific hybridization has been used in
some cases to achieve these objectives. For example, several smaller-statured,
winter hardy varieties (photo 8) have been derived from crosses made with the

lowbush blueberry (see chapter 4). Incorporation of drought tolerance, low
chilling and early ripening has been achieved through gene transfer with
rabbiteye blueberries and other native species, such as V. darrowii.

CONSTITUENT

Water
Calories
Protein

Fat
Carbohydrate
Fiber
Calcium

Iron
Magnesium
Phosphorus
Potassium
Sodium

Zinc

Copper
Manganese
Ascorbic acid
Thiamin
Riboflavin
Niacin
Pantothenic acid
Vitamin By
Folacin
Vitamin A

Current cultural research in North America
includes developing practices for specific
regions. Among the problems in the larger

FRESH FROZEN, p?oductlon a‘reas are treating and reduc'mg
unsweetened disease and insect attacks, and preventing
stress-related injuries from extreme tempera-
tures, drought, excessive rainfall, or frost.
1239 134 g
82 keal 78 keal
0.97 g 0.65¢ The blueberry fruit has many desirable traits
055¢ 099¢ including small edible seeds, ease of prepara-
20.5 18.9 tion, and a fairly long shelf life. These traits,
g g
1.88 g 232¢ together with the blueberry’s unique flavor and
9mg 12 mg its ability to be mechanically harvested, have
0.24mg 0.28 mg led to rapid acceptance of the fruit among
7mg 8 mg consumers. Blueberries can be eaten fresh or
ngg ;g mg used for jelly, jam, syrup, pies, pastries, or
9m mg 1 mmg juice. Blueberry fruit is also low in calories and
0.4 Gng 0 11gmg sodium, contains no cholesterol, and is an
' ' excellent source of fiber (table 1). A major
0.09 mg 0.05 mg
constituent of the fiber in blueberry is pectin,
0.41 mg 0.23mg
18.9 mg 3.8mg known for its ability to lower blood cholesterol
0.07m 05m levels. Blueberries contain measurable quanti-
g 0.05mg
0.073 mg 0.057 mg ties of ellagic acid, which has inhibiting effects
0.52m 0.81 mg on chemically induced cancer in laboratory
g
0.135mg 0.194 mg studies. Blueberry juice also contains a com-
0.052 mg 0.091 mg pound that prevents bacteria from anchoring
9.3mg 10.4 mg themselves in the bladder, thereby helping to
1451U 126 1U prevent urinary tract infections. For these




Highbush Blueberry Production Guide

Chapter 1: The Highbush Blueberry

reasons, the highbush blueberry has been planted throughout the world
where the climate is suitable.

The success of blueberries has been phenomenal; the acreage planted to
blueberries has increased faster than for any other temperate fruit crop. In
1930, about 200 acres were cultivated; today more than 40,000 acres are
cultivated in North America alone. In addition, lowbush and rabbiteye
blueberries are produced on a large scale in certain regions such that overall
production has nearly doubled over the last 15 years. The largest highbush
production regions in North America are Michigan, New Jersey, the Pacific
Northwest, North Carolina, the south central states, and the northeastern
states. Europe, West Germany, France, Poland, and southern England have
young industries, and in the Southern Hemisphere, South Africa, New
Zealand, Australia, and Chile also produce blueberries. The highbush indus-
try in North America is worth more than $100 million as Americans consume
nearly 200 million pounds of blueberries each year (table 2).

Table 2. Worldwide highbush blueberry commercial production, 1989.

COUNTRY
(State/Province)

U.S.A.
Michigan
New Jersey
North Carolina
Oregon
New York
Washington
Georgia
New England'
Others?

Total

Canada
British Columbia
Ontario
Quebec

Total
(North America)

PRODUCTION
ACRES (millions of COUNTRY ACRES
pounds)
15,100 60.1 Australia 225
9,700 40.0 Chile 75
4,300 10.0 France 65
1,370 11.2 Germany 650
1,000 7.0 Holland 500
900 6.3 ltaly 40
850 2.6 New Zealand 1,000
1,250 45 Poland 350
4,680 15.0 South Africa 320
39,150 156.7 TOTAL (World) 47,175
" Includes CT, MA, ME, NH, RI, VT
4,000 16.0 2 Includes AR, MO, OK, PA, KY, SC, MD,
600 2.0 VA, FL, IL, IN, OH.
200 0.5
Sources: Holbein J. P., 1989, NABC
Statistical Record; Eck, P., 1988, Blueberry
43,950 175.2 Science; Hanson, E. J., and J. F. Hancock,
1990, “Highbush Blueberry Varieties and
Production Trends,” Fruit Var. J. 44:77-81.
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Chapter 2
BLUEBERRY GROWTH AND DEVELOPMENT

Learning how the blueberry plant grows and responds to the environment is
important in understanding why certain cultural practices are recommended.
The terms used for plant parts and physiological processes are described in
this chapter. By developing a common terminology, growers, extension work-
ers, and researchers can communicate clearly and concisely (figure 1).

An overview of the growth of the blueberry plant is followed by discussions of
specific plant systems. Because plant development differs from year to year
and from location to location, references are made to stages of growth, rather
than to specific times of the year. Beginning at winter dormancy, the sequence
of development is bud swell, bud break, shoot elongation, flowering, fertiliza-
tion, fruit set, petal fall, fruit swell, fruit coloring, harvest, terminal growth
cessation, bud initiation, bud differentiation, leaf coloring, leaf abscission, and
dormancy. Beginning at flowering, new canes elongate from the base of the
plant; they cease terminal growth in late summer. Bud initiation occurs
simultaneously on new canes and older canes.

Environmental stresses can affect these stages of development. The major
stresses are temperature extremes, drought, and flooding.

-Buds

Shoot

Branch

Figure 1. A mature blueberry plant during the dormant season.
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Plant Growth Habit

The cultivated highbush blueberry is a deciduous shrub, ranging in height
from less than 3 feet for certain highbush x lowbush hybrids to 6 to 8 feet for
most common commercial highbush varieties. Vegetative growth of the
blueberry begins with bud swell in early spring, and continues late into the
summer or early fall. Shoots grow in flushes of rapid growth, stopping as the
apical bud aborts. After a bud near the tip of the shoot breaks, another flush
will begin. Each shoot may have several flushes during the season, and each
may grow to 6 to 10 inches with adequate moisture and nutrition. Shoot
extension growth ceases in midsummer and some of the small, narrow,
pointed vegetative buds will differentiate into large, almost spherical flower
buds (figure 2). Typically, 5 to 8 flower buds develop down the shoot, begin-
ning at its tip. Each bud contains 5 to 10 potential flowers, which continue to
form into the fall, ceasing with the onset of colder weather. Both types of buds
enter a period of dormancy, normally broken only after a chilling

gk — Flower bud

period of 600—1,000 hours below 45°F. Warm weather in early
spring activates growth (photos 9-11).

The required chilling period is usually met by the middle of
winter, after which time dormancy is maintained by cold tem-
peratures. If this chilling requirement is met and a midwinter
thaw (several days over 45°F) occurs, blueberry buds may lose
some of their hardiness; a sudden return of colder temperatures
may result in cold temperature injury.

New canes develop from the crown of the blueberry plant in early
spring (photo 12). As few as one or none may emerge from the
crowns of certain varieties such as Jersey, while several dozen
may emerge from the crown of Northland. These shoots are
extremely vigorous, often growing 3 feet or more in a first growth
flush. A second, less vigorous flush of growth may begin in mid-
summer and continue late into the fall, when it may be injured by

Vegetative bud

Figure 2. Flower and vegetative buds cold temperatures, particularly in northern locations. These

on dormant shoot.

Root System

young canes may set a terminal cluster of flower buds in the fall.

Blueberry leaves respond to changes in day length and temperatures with the
development of fall leaf color that ranges from yellow to crimson to dark red,
depending on variety (photo 13). This color change is due in part to the loss of
chlorophyll from the leaves and the production of red color pigments as the
leaf senesces. Changes in leaf color in early spring and summer may occur
after periods of cool temperatures. Color development at this time is generally
a dull purple over a dark-green background and may last for several days
after warm weather resumes.

The blueberry root system is composed primarily of fine, fibrous roots near
the soil surface. Some larger roots can be found at depths of 3 feet in some
soils, but this is unusual. The fibrous roots lack root hairs typically found on
most other plants, so the root system has a relatively low absorptive capacity

10
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Flowering

(photo 14). Blueberry roots, however, have an intimate association with
endomycorrhizal fungi. These fungi live partially within the outer cells of the
root and partially in the surrounding soil. The portion of the fungus that
protrudes from the root aids in nutrient and water uptake. These fungi are
destroyed by clean cultivation and mineral fertilizer applications over an
extended period.

Roots begin to grow in spring when soil temperatures in the root zone reach
approximately 43°F, usually as buds begin to swell. Growth continues
through late spring when root zone temperatures reach approximately 60°F.
Root activity subsides as berries mature and ripen. Once harvest is complete,
roots again become active, apparently making most of their growth in early
autumn when soil temperatures again approach 60°F, and ceasing when soil
temperatures drop to 43°F.

Recommended times for fertilizing blueberries are determined in part by root
growth activity. Fertilizer is generally applied in early spring when root
growth begins, and in some cases in late spring when root growth activity
peaks. Fertilizer is applied within the dripline of the bush, where over 90% of
the roots are located.

Most blueberry roots are located in the top 8 to 12 inches of soil, with rooting
rarely below 16 inches in most sites (photo 15). Because of their fine, fibrous
structure, they cannot penetrate compacted soils; the soil must be porous and
open. This fibrous root structure limits the tolerance of the highbush blue-
berry plant to excessively dry or wet soil conditions and limits its ability to
absorb soil nutrients. The blueberry grows best in sandy loams or acidic
sands rich in organic matter. The organic matter improves root penetration
through the soil structure and maintain soil moisture and nutrients. Organic
mulches are commonly used to increase the growth and yield of highbush
blueberry on mineral soils. Organic mulches moderate soil temperatures,
keeping them near 60°F, at which root growth is most active, for a longer
time (see chapter 6).

Flower Morphology

The highbush blueberry can flower over a considerable length of time. A
single variety can bloom for 7 to 14 days, depending on environmental
conditions. Plants of early-blooming varieties, such as Bluetta, tend to have a
longer flowering period than later-blooming varieties, such as Elliott. While
this may be determined in part by genetics, it is also influenced by tempera-
ture. Those varieties that bloom earlier are doing so under generally cooler
temperatures, and therefore, may have a longer bloom period.

Flower bud position also influences the time of bloom. Flower buds on a shoot
open sequentially with the flower bud at the tip of the shoot opening first,
followed by the one just beneath, and so on down the shoot (photo 10). The
individual flowers within each bud open in a similar sequence with the flower
near the tip of the cluster opening first (photo 16). Shoot thickness affects
blooming sequence; blossoms on thin wood open before those on thick wood.

Blueberry flowers have many characteristics that discourage self-pollination
and encourage cross-pollination. These include a small flower opening that

11
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shields reproductive structures from wind and rain, preventing
pollen from being blown onto its own stigma; an inverted flower
structure that deflects falling pollen from the stigma; heavy
pollen that is not wind-borne; and fragrant, sweet flowers that
attract insects (figure 3; photo 17). A visiting insect crawling
through the small flower opening will first encounter the recep-
tive stigmatic surface (depositing pollen from other plants), then
the anthers containing the pollen (to carry to another plant), and
then the nectar. Pollen is dislodged from the anthers through
sonication, a vibrating process carried out by certain bees (photo
18). Because a blueberry can have up to several dozen seeds, each
of which requires a pollen grain for its development, good pollina-
tion is important.

The stigma (the receptive portion of the female reproductive
tissue) and ovules (which, when fertilized, develop into seeds)
within the blueberry flower remain receptive to pollen for only a

Figure 3. Cross-section of a blueberry

flower.

Fruit

few days after the blossom opens. Researchers have found that if
pollination does not occur within 3 to 6 days, fruit set is not likely
to occur. Growers often saturate the planting with bees early in
the bloom period to ensure adequate fruit set (see chapter 6). Pollinated
flowers remain white and usually drop within 4 or 5 days after bloom (photo
19). Flowers that have not been pollinated within the critical few days after
opening may remain on the bush for up to 12 days, often turning a wine color.

Pollen germinates soon after landing on the stigma, and the pollen tube
begins growing down the hollow style. Upon reaching the egg sac after a
journey that may take a day or more, the tube ruptures. It releases two
sperm, one of which unites with the egg to form an embryo while the other
unites with two other female nuclei to produce endosperm tissue. This tissue
nurtures the embryo as it develops. When this occurs, the outer coating of the
ovule begins to change, eventually forming the hardened seed coat. In gen-
eral, with better cross-pollination, more seeds develop, resulting in larger
fruit (table 3, next page).

Certain varieties including Earliblue, Stanley, Coville, and half-high types
may be partially self-unfruitful. Research has shown that cross-pollination
increases fruit production for many varieties, resulting in earlier ripening and
larger berries (photo 20).

The blueberry fruit develops from an inferior ovary into a many-seeded berry
(figure 4; photo 21). Fruit ripens 2-3 months after bloom, depending on the
variety, weather conditions, and plant vigor. Thicker wood often produces
berries that are larger and that mature earlier than fruit produced on thinner
wood. The sugar content of green fruit is approximately 7%, increasing to as
much as 15% when fruit is ripe. This sugar is manufactured by the leaves and
transported to the fruit. Sugar levels continue to increase for several days
after the fruit turns blue.

Fruit size increases by as much as 35% after the berries turn blue, due to the
movement of water into the fruit. The ripe blueberry fruit is about 85% water.

12
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Table 3. Effects of self-pollination and outcrossing on normal seed production and fruit weight in highbush blueberry

varieties.!

VARIETY

Bluecrop

Bluejay

Elliott

Jersey

Rubel

Spartan

selfed
outcrossed

selfed
outcrossed

selfed
outcrossed

selfed
outcrossed

selfed
outcrossed

selfed
outcrossed

"Flowers of field-grown varieties were hand pollinated with their own pollen and mixtures.

Michigan data from Steve Krebs, Department of Horticulture, Michigan State University.

NUMBER OF SEEDS FRUIT WEIGHT (g)
10.8 1.87
26.7 2.36

6.2 1.09
9.8 1.14
7.7 1.60
43.7 2.03
15.1 1.16
48.4 1.64
11.8 0.82
227 0.96
1.3 1.91
9.4 2.50

Drought conditions during fruit ripening will reduce fruit size and may affect

fruit flavor.

Ripening is very closely linked to blueberry fruit quality. The ripening process
involves major changes in the fruit. Color changes are dramatic as the fruit
synthesizes large quantities of pigments. Changes in the cell walls result in
fruit softening; this softening is desirable, as it improves the palatability of
the fruit, but becomes less so as the fruit becomes more vulnerable to physical
damage. The accumulation of sugars results in increasing fruit sweetness.
Since blueberries contain little starch that can be converted to sugar after
harvest, they will never be any sweeter than they are at the time of harvest.
Blueberry fruit acids are broken down during ripening, so the fruit loses

Figure 4. Cross-section of a blueberry fruit.

tartness. Fruit flavor, associated mainly with the area
just beneath the skin of the fruit, also increases during
ripening and, like sweetness, does not increase after
harvest. Finally, the ability of the fruit to resist inva-
sion by the various fruit rots decreases as the fruit
ripens. Fruit quality can only decrease after harvest,
but certain varieties retain their firmness and flavor
tonger than others.

The highest quality blueberries are obtained if fruit is
allowed to ripen fully on the plant. Unfortunately,
these fully ripe fruits inherently have a very short
postharvest life. Extending this postharvest life re-
quires controlling storage temperature and humidity.
Reducing the temperature from 85°F to 32°F will slow
the rate of change (and extend the postharvest life) of
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the harvested fruit by some 12-fold. In addition, these lower temperatures
will reduce the development rate of the rot organisms, further protecting
fruit quality. To maximize the advantages of refrigeration, fruit needs to be
chilled to the desired storage temperature as soon as possible after harvest
(see chapter 14).

Environmental Stress

Temperature
Tolerance

Cold Hardiness

Extremes in temperature and moisture are the most important abiotic
stresses a blueberry plant encounters. The ability of a plant to tolerate an
environmental stress depends in part on the time of the year when the stress
occurs, the overall health of the plant, and environmental conditions preced-
ing the stress.

Blueberry plants can tolerate some temperature fluctuation, and can slowly
acclimate to cold temperatures in autumn and warm temperatures in spring.
However, temperature extremes can affect growth and development and may
damage vegetative and reproductive tissue.

The tolerance of blueberries to cold temperatures between growing seasons
varies tremendously among species and varieties. The degree to which a
blueberry bush hardens off depends upon many factors, including length of
the growing season, alternating day and night temperatures, nutrition,
pruning, and fluctuating temperatures during the dormant season. Actively
growing tissues are not cold hardy and are injured by temperatures around
28°F. As the days become shorter and the temperatures cooler during the
fall, blueberry canes cease active growth and begin a complex process known
as acclimation. Optimum cold hardiness develops after day/night tempera-
tures decrease steadily from midsummer to late fall, followed by several mild
frosts. The degree of cold hardiness varies in relation to temperature,
throughout the dormant season. Maximum cold hardiness occurs after fully
acclimated plants have been exposed continuously to several days of nonle-
thal, subfreezing temperatures. Plants lose hardiness during periods when
temperatures rise above freezing. Most freezing injury occurs when tempera-
tures fluctuate above and below freezing, and are typically associated with
subfreezing temperatures that follow midwinter thaws. Because of generally
mild and fluctuating winter and early spring temperatures in the coastal
areas of Oregon and Washington and the Southeast, blueberries in those
areas seldom attain maximum cold hardiness.

Improper cultural practices, environmental stresses, and damage from pests
and diseases can interfere with acclimation and inhibit the development of
cold hardiness. Proper fertilization practices greatly enhance acclimation and
hardening (see chapter 11). Excessive or late fertilization with nitrogen
forces late-season growth that is susceptible to early fall frosts. In general,
nitrogen fertilizers should not be applied after midsummer.

Pruning too early in the fall interferes with cold acclimation by stimulating
late growth. Even if no visible growth develops, early pruning can cause the
cane tissues to deacclimate. Pruning should be delayed until the canes are
fully dormant. Pruning during the late winter and early spring reduces the
likelihood of freezing injury and allows growers to identify and remove
injured wood and buds.
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Although research indicates that maximum cold hardiness is related to
drought stress in some woody species, blueberry plants should not be allowed
to become drought stressed during the growing season or dormancy. On drier
sites, irrigate deeply before the ground freezes to provide enough moisture to
supply and protect the blueberries during the winter.

Acclimation and hardening are active, energy-intensive processes that depend
upon the food reserves of a plant. These food reserves are produced in the
leaves by photosynthesis. Insect damage, disease, and other stresses that
damage foliage limit the production of food reserves and acclimation. An
important step in minimizing winter injury is to maintain a healthy canopy of
foliage by controlling pests and diseases. Overcropping puts a tremendous
strain on the food reserves of a blueberry bush, and should be avoided by
proper pruning and crop control.

If plants are relatively unstressed and hardening has occurred properly, then
the following varieties can withstand the corresponding midwinter low
temperatures: Northeountry, Northblue, Northland, Northsky, Patriot,
Rancocas, Rubel, and St. Cloud (-35°F); Bluecrop, Bluejay, Blueray, Earliblue,
Elliott, Herbert, Jersey, Lateblue, Meader and Toro (-30°F); Berkeley,
Bluehaven, Bluetta, Burlington, Collins, Coville, Darrow, Duke, and Spartan
{(-20°F); and Bluechip (-10°F) (see table 5, pages 23-24).

Not all of the tissues of a blueberry plant attain the same degree of cold
hardiness. In fully acclimated plants, the wood is normally somewhat hardier
than the buds, and the roots do not develop any degree of cold hardiness.
Mulching with bark or sawdust can help to moderate root zone temperatures
and minimize root freezing injury.

The basal region, which connects the flower buds to the shoot, is the part of
the bud that is most easily injured during the early dormant period. Follow-
ing a freeze, florets in a bud may show no injury even though the basal
tissues are injured. The amount of growth that a new shoot or flower cluster
makes depends upon the amount of injury the bud base has experienced. If
the injuries restriet the flow of nutrients and water, the growth of the shoot or
flower cluster ig slow and restricted, or completely inhibited (photos 22-23),
Injury to the basal tissues can be determined by slicing through a bud from
the tip through the bud base with a sharp razor blade. Freeze-injured tissues
have a brown, water-soaked appearance; healthy tissues are green or white.
For best results, wrap tissues to be tested in a plastic bag and hold at room
temperature for several days before examining for browning.

As the vascular connections between the wood and bud develop during the
late winter and early spring, the florets begin to lose their hardiness. When
the flower buds begin swelling in the early spring, the florets are the most
easily injured part of the bud. Once a flower bud opens, it has lost most of its
cold hardiness and will be injured at 23°F (photo 24). Tip buds on a cane and
tip florets are the first to develop and are the most susceptible to early frosts.

To reduce spring frost injury, avoid planting in frost pockets and ensure good
drainage of cold air by removing cold air dams formed by trees and brush
around blueberry fields. In regions where spring frosts are a problem, select
planting sites on gently sloping hillsides and benches. Overhead sprinkler
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Moisture Tolerance

Drought Stress

Flooding

systems are effective in reducing spring frost injury (see chapter 12). The
selection of late-blooming varieties can also lessen frost injury. In general,
fruiting date is strongly associated with bloom date, so that later flowering
types also produce late fruit. Duke and Spartan are exceptions in that they
fruit early, but bloom later than other early varieties do.

Freezing injury to the cane wood or roots interferes with the movement of
water and nutrients to the buds. Symptoms may not appear until early
summer; bushes can bloom, leaf out, and even begin setting fruit before
suddenly collapsing and dying over 1 or 2 days. Sudden collapse is usually
correlated with the onset of hot weather, which increases the demand for
water by the developing shoots and fruit. Injured vascular tissues are unable
to supply the needed water and the plant collapses.

During the growing season, highbush blueberries can withstand ambient
temperatures of 90 to 100°F. Above these temperatures they may begin to
desiccate because roots cannot absorb enough water to sustain the plant.
Blueberry leaves have a fairly high resistance to water loss, so the cooling
effect of transpiration is less than for many other crops. Therefore, hot tem-
peratures coupled with moisture deficits are detrimental. Evaporative cooling
can alleviate some of the stress on the plants; sprinkler irrigation should be
turned off in time for moisture on leaves to evaporate before nightfall.

Flowering, fruit set, and fruit development can be adversely affected by high
temperature; in most blueberry growing regions, though, cooler temperatures
during these stages are a greater cause of concern. Bud development will be
slower under cool temperatures in summer, and pollen germination is slower
when temperatures are cool in spring, reducing fruit set. Fruit development
will also be delayed if temperatures are unseasonably cool during late spring.

Water is essential for plant growth and development; water comprises 85% of
plant tissues and it is needed for uptake of nutrients and evaporative cooling.
Plants that experience severe drought stress may not recover. Excess water is
also detrimental, especially when pathogens are present in the soil.

Blueberry leaves resist the passage of water from inside to the surrounding
air, in part because of the relatively heavy layer of wax on the leaves. This
layer helps prevent the plant from drying out, but when exposed to even
moderate drought stress, the blueberry stomata close. When stomata close,
water loss is reduced further, but growth also ceases because carbon dioxide
can no longer enter the leaf. Therefore, for good growth and development,
adequate moisture must be supplied to the blueberry plants at all times so the
stomata can remain open.

Blueberries can tolerate some flooding during dormancy, but none during
active growth when the soil must be well aerated. Flooded soil contains no
oxygen for use in respiration, so roots begin to accumulate toxic metabolites
which can eventually kill the plants (photo 25). Physiological processes are
affected within a few days of flooding; warm, wet soils promote phytophthora
root rot. Growers should not plant blueberries on soils that tend to flood.
Raised beds (photo 26) can alleviate stress from temporary flooding. Highbush
blueberries are least able to withstand flooding in April, a time of rapid root
growth requiring a maximum amount of aeration.
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Climate

Soil

Selecting a good site for a blueberry planting is one of the most important
decisions that a grower will make. The high establishment costs and potential
longevity of the planting make this decision crucial.

Blueberries have more specific site and soil requirements than most other
crops. Ideal blueberry sites are found only in very specific regions of the
world; however, the grower can extend the range of suitable land through
proper soil modification, mulching, and use of irrigation.

The northern limit of production is determined by the length of growing sea-
son and minimum winter temperatures. A growing season of at least 160 days
is necessary for sustained crop production. Flower buds of most true highbush
varieties can tolerate temperatures to -15°F in midwinter (see page 14 and
chapter 4). The vegetative buds and woody tissue are tolerant to -20°F. Half-
high blueberries are tolerant to -0°F if snowfall is sufficient. Buds are much
less hardy in late fall or early spring, so regions where temperatures regu-
larly dip below 0°F during these times should be avoided.

Some of the best blueberry growing regions are near large bodies of water
that moderate temperatures. Temperature moderation can also be achieved
by planting on north- or east-facing slopes, delaying flowering, and reducing
susceptibility to frost damage. Plants on such slopes are also less vulnerable
to desiccating western winds. Blueberries grow best in climates that have
warm, sunny summers. Cool, cloudy summers reduce the quality of the fruit
and favor the spread of fusicoccum canker. Hot summers can decrease fruit
flavor and firmness.

The southern limit of production is determined in a large part by the 600- to
1,000-hour chilling (below 45°F) requirement. However, varieties differ con-
siderably in this requirement, and some newer varieties with a lower chilling
requirement can be grown throughout the southern states. Stem blight,
caused by Botryosphaeria dothideae, and stem canker, caused by B. corticis,
also limit production in warmer regions (see chapter 9, pages 91-93).

In North America, standard highbush blueberry production is generally not
successful north of a line connecting the following cities: Muskegon, Michigan;
Saginaw, Michigan; Toronto, Ontario; Oswego, New York; Rutland, Vermont;
Portland, Maine; and Halifax, Nova Scotia. Smaller-statured varieties can be
cultivated successfully in more northern areas where snowfall is ample or
plants are protected during winter.

Blueberries grow best in well-drained, acid, sandy loams with an organic
matter content greater than 3.0%. The ideal soil pH is approximately 4.5,
although blueberries will tolerate a pH between 3.8 and 5.5 if the organic
matter content is high. Growing blueberries in a less acid soil will result in
nutrient deficiencies, especially iron. Blueberry plants and their associated
endomycorrhizal fungi can extract phosphorus and potassium from the soil
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efficiently, which allows them to grow in nutrient-poor soils. In fact, the better
blueberry soils were once considered poor agricultural soils. If wild blueberries
or other ericaceous plants are growing on the site, the soil will probably sup-
port cultivated blueberries.

Growers can reduce the soil pH if it is slightly above the desired level; how-
ever, lowering the pH of some soils can release high levels of certain elements
that can be toxic to the blueberry plant. In soils with a high manganese or
aluminum content, the soil pH should be maintained near 5.2 to prevent
toxicity. These soils are more common in the south central United States.

Sandy soils have a low pH because they tend to have little capacity to retain
base cations (calcium, potassium, magnesium) which increase the alkalinity of
the soil. Modifying a soil with a low cation exchange capacity is relatively
easy, but this becomes difficult as the exchange capacity increases. In clayey
soils with a high exchange capacity, permanent pH reduction may be imprac-
tical. In addition, clayey soils tend to have poor internal drainage, which
makes them even less desirable for blueberries. Soils with a clay or silt con-
tent of greater than 20% are not favorable for blueberry production.

As a general rule, modification of soil with 20% or more of its exchange capac-
ity saturated with calcium or with more than 2,000 pounds of calcium per acre
is impractical. Modifying such soils is expensive and does not last; the under-

lying soil tends to buffer the treatment and return the pH to its previous level.

Muck soils with an organic matter content of 20 to 50% are suitable for blue-
berry production, provided they have an acceptable pH and can be drained.
Problems with muck soils include excessive settling and weathering, slow
warming in spring, excessive nitrogen release in autumn, and low levels of
zinc, copper, and iron. Avoid muck soils with a water table less than 8 inches
from the ground surface.

The blueberry plant has a shallow root system that is susceptible to drought,
yet the roots cannot tolerate standing water. Good soil drainage is an essen-
tial factor for successful production. Ideally, the water table should be 15 to 40
inches below the surface even after dry periods. After heavy rain, the water
table should recede to at least 8 inches within 24 hours. Standing water dur-
ing the spring and summer reduces the amount of oxygen in the soil and kills
the growing points of the roots (photo 25). Standing water in the winter causes
plant heaving, which further damages the root system.

The top 8 to 16 inches of soil should consist of a sandy loam with high organic
matter (3 to 20%) underlaid with sand. Plant on raised beds if good internal
drainage does not exist (photo 26). Beds should be at least 8 inches high and
48 inches wide.

Most natural blueberry soils have a low water-holding capacity because of
their high sand content. Supplemental irrigation is nearly always essential for
successful production, especially when planting on raised beds. A source of
unchlorinated water with a low salt content (below 0.1%) and low pH (below
6.0) is most desirable. Irrigation water may have to be acidified to prevent
nutrient imbalances in the planting. Up to 5 gallons per bush per day may be
required when evaporative demand is high (see chapter 12).
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Site Preparation

Air drainage is the movement of heavier, colder air to lower elevations. If the
site is in the northern growing region, then slopes with good air drainage will
help prevent winter injury. Windbreaks are beneficial in blueberry plantings,
but they should be designed to minimize interference with air drainage.

When blueberries are in full bloom, the flowers can be injured by tempera-
tures slightly below freezing (30°F). The exact temperature that damages
flowers depends on the rate of temperature change, wind speed, humidity,
sugar content of nectar, flower orientation, etc. Under certain conditions, open
blueberry flowers can tolerate temperatures as low as 23°F. The earliest-
flowering varieties are most susceptible to frost injury, so avoid planting these
in frost pockets.

The location of the planting determines to a great extent the type of market-
ing that can be considered. Most natural blueberry soils are not near major
metropolitan areas, so prepicked fruit for fresh market and mechanically
harvested fruit for processing are the major options. Closer to cities, pick-your-
own (PYO) operations should be considered. The trade area for PYO blueber-
ries seems to be larger than the 20-mile radius documented for strawberries.
If the planting will be harvested by the public, then site plans must include a
parking area and restroom facilities.

Assuming the site has potential to grow blueberries, the first step is to deter-
mine if soil modifications are necessary. At least one year before planting,
collect an adequate number of soil samples to be representative of the pro-
posed site. Multiple samples from uniform sites should be bulked and mixed to
obtain a single sample. In nonuniform sites, soil should be sampled separately
for each distinctly different area. Soil pH or nutrient levels can vary greatly
over short distances, so 5 or 6 samples for a 10-acre site is reasonable. In
uniform sites, submit at least one sample for every 10 acres. Since blueberries
root to depths of 12 to 16 inches, collect both a topsoil (to 8 inches) and subsoil
(8 to 16 inches) sample for analysis. Shallow samples can give misleading
results; nutrient content of soils can differ greatly between the two depths.

The Cooperative Extension System in most states offers a soil testing service.
Samples can also be analyzed by private laboratories. If the soil test results
indicate that blueberry production is feasible (see appendix 1), then clear the
site and eliminate perennial weeds. A systemic postemergent herbicide is the
most efficient weed remover. These herbicides are most effective when applied
in late summer because all the perennial weeds have emerged by then, and
translocation of the herbicide is toward the root system.

Some leveling may be necessary to eliminate low areas in the field, but avoid
disturbing the subsoil during land preparation. Artificial drainage may be
required on poorly drained soils, and it should be capable of removing excess
water within 24 hours. Contrary to public opinion, blueberries do not grow
well in swamps. In swampy areas, they grow on raised hummocks above the
water level, or on the banks near the water. Before draining wet areas in a
field, consult the Soil Conservation Service for an update of the current state
and federal definitions of a wetland and the regulations regarding modifica-
tion. Farmers who have modified wetland habitats without permission have
had to pay substantial penalties.
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Table 4. Approximate amount of sulfur (pounds per acre)
required to lower soil pH to 4.5.

Once the field is cleared and drainage problems are addressed, examine the
results from the soil test and obtain the required amounts of sulfur, lime,
magnesium, potassium or phosphorus. Spread the material evenly over the
entire area to be planted, and incorporate to a depth of 8 to 12 inches. If pos-
sible, treat the entire field, not just the strips into which the plants will be
set; it is more difficult to maintain a low pH if only strips are treated, and if
roots spread into the aisles and encounter high-pH soils, the plants will be
less productive. Soil modification after planting is much more difficult than
modification before planting.

Sulfur can be used to lower the soil pH to 4.5, and the amount required is
dependent on soil type (table 4). Relatively little sulfur will be needed on
sands, but loams and mucks may require so much that modification may not
be economically feasible. The success of sulfur
addition will depend on the soil's cation ex-
change capacity (see appendix 1).

5.0
55
6.0
6.5
7.0

SOIL TYPE Approximately one year is required for sulfur
in the soil to oxidize and reduce the soil pH.

Current pH Sand

175
350
530
660
840

Powdered sulfur acts more quickly than prills,
but is also more expensive and unpleasant to

530 800 spread. Oxidized sulfur is available in the
1050 1600 form of aluminum sulfate or iron (ferrous)
1540 2310 sulfate, but these materials are required in
2020 3030 much larger amounts (6-fold and 8-fold, re-
2550 3830 spectively) than elemental sulfur, and they
can be toxic to the blueberry plant in some
soils.

Loam Clay

Fumigation

Cover Crops

Lime may be needed if the soil pH is below 4.0. If magnesium is also low, then
dolomitic lime may be used to increase the pH and magnesium levels simulta-
neously. If lime rates are not given and the pH is below 4.0, then estimated
lime rates are 1,000 pounds per acre on sandy soils, 2,000 pounds on loamy
soils, and 4,000 pounds on muck soils.

Specific fertilizer recommendations based on nutrient levels are difficult to
make because laboratory extraction procedures vary and results are reported
in different units. Contact your local Cooperative Extension System for assis-
tance in interpreting results.

If the potential site contains nematodes or if soil pathogens or harmful insects
are known to be present, fumigation may be beneficial (see chapters 8-9).

After incorporating nutrients, use a cover crop to increase the soil organic-
matter content and suppress weed seed germination. The cover crop can be
incorporated in fall or the following spring before planting. In many upland
mineral soils, increasing the organic matter content is essential for successful
production. In addition to the cover crop, incorporation of leaf litter, compost,
or peat can be beneficial.

Cover crops take considerable amounts of nitrogen from the soil. Add 40 to 50
pounds of nitrogen per acre for cover crop establishment. This nitrogen will be
released slowly into the soil during the following year when the cover crop
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For More Information

decomposes. To increase the amount of nitrogen available to newly planted
blueberries, incorporate the cover crop the fall before planting. If soil erosion
is possible, then retain the cover crop until spring. Legumes do not require
supplemental nitrogen, but they establish poorly on acid soils. They are not
recommended as blueberry preplant cover crops.

Buckwheat is tolerant of low soil pH and inhibits weed seed germination, but
contributes little organic matter from the roots. Buckwheat must not be al-
lowed to mature, or it will reseed. A rate of 60 pounds per acre is recom-
mended for seeding in late spring or early summer.

Spring oat is also a good cover crop because of its tolerance to low-pH soils.
Plant in early to mid-April in the north, and incorporate before the end of
June. Another option is to seed in mid-August and overwinter the crop. Oats
will be gradually killed by successive frosts and will not grow again in spring.
One hundred pounds of oat seed are required per acre.

If raised beds will be used, they should be made just before planting, after the
soil has been modified. Drip irrigation is required when growing on raised
beds to prevent rapid drying under droughty conditions.

Brady, N.C. The Nature and Property of Soils. New York: Macmillan Com-
pany, 1990.
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PLANT SELECTION AND PROPAGATION

The most critical factor in establishing a blueberry planting is to obtain high-
quality plant material. The material should be well-rooted and free of patho-
gens such as viruses and root diseases. Purchase only inspected plants which
have a state certificate of inspection. Propagation from an existing planting
is an option if the stock is known to be free of viruses. Test kits are now
available for virus detection, and some nurseries offer virus-indexed plants.

Several characteristics should be considered when a variety is selected:
season of ripening, yield, fruit quality, hardiness, chilling requirement,
growth habit, vigor, disease resistance, local adaptation, and intended
market (table 5).

The fruit on each variety ripens over 2 to 5 weeks. Varieties with successive
ripening periods extend the harvest season. The potential harvest season in
North America ranges from 4 to 5 months.

Fruit for mechanical harvest should have small, dry scars so detachment is
easy, and bushes should have an upright growth habit. Fruit for the fresh
market should have good flavor, a light blue color, and skin that does not tear
when the berry is picked.

Three major types of highbush blueberries are southern (with low-chilling
southern species in the parentage); northern (essentially of V. corymbosum
origin, with some contributions from V. angustifolium); and half-highs
(hybrids of highbush and lowbush blueberries). Southern highbush types
require less than 600 hours of chilling (below 45°F) and cannot tolerate
temperatures much below -5°F. Northern highbush types require a minimum
of 750-1,000 hours of chilling and can survive fairly cold winter temperatures
(-20°F). Half-high types require 800-1,000 hours of chilling and can survive
extreme cold (-35°F) if they are buried in the snow.

Blueberry Varieties

The most widely planted varieties and the most recent releases are described
in this chapter. Before planting, find out from other growers in your climatic
zone which varieties grow well. The performance of the most commonly
planted varieties can be predicted for most regions, but small test blocks of
new releases should be established before planting on a large scale. Disease
resistance is critical in some regions such as eastern North Carolina and
central Florida where stem canker can severely limit productivity. Addition-
ally, some varieties lend themselves to mechanical harvesting because of
their particular growth habit and the easy abscission of the fruit. Contact
your local Cooperative Extension System for advice on blueberry varieties for
your area.

22



Highbush Blueberry Production Guide Chapter 4: Plant Selection and Propagation

Table 5. Important characteristics of selected highbush varieties.!

Fruiting Yield Fruit Winter
Season Potential Size Scar  Firmness Flavor Hardiness

Southern Highbush

Avonblue 2 3 3 3 3 3 1
Blueridge 2 2 2 1 3 3 1
Cape Fear 2 3 3 3 3 2 1
Cooper 2 2 2 2 3 2 1
Flordablue 1 2 4 2 2 3 1
Georgiagem? 2 2 2 3 3 2 1
Gulf Coast 1 2 2 4 3 2 1
O'Neal? 1 2 2 3 4 3 1
Reveille? 1 2 2 2 4 2 2
Sharpblue 1 2 3 2 2 2 1
Northern Highbush

Angola 1 1 1 1 1 3 2
Berkeley? 3 2 3 1 3 2 3
Bluechip 2 3 4 3 4 3 2
Bluecrop? 3 3 4 4 4 3 4
Bluegold 4 3 2 3 3 3 4
Bluehaven 2 2 3 3 3 3 2
Bluejay? 2 2 3 4 4 3 4
Blueray 2 3 4 2 3 3 4
Bluetta? 1 2 2 1 2 2 3
Bounty 3 3 3 3 3 1 2
Collins? 2 2 3 3 3 3 4
Concord 3 2 1 1 2 4 3
Coville? 4 2 4 2 3 3 3
Croatan 1 4 2 1 2 2 2
Darrow 3 1 4 3 3 4 3
Dixi 3 3 4 1 2 3 3
Duke? 1 3 3 3 3 2 4
Earliblug? 1 2 3 2 2 1 3
Elizabeth 4 2 3 3 3 4 4
Elliott? 4 4 2 3 4 2 4
Harrison 1 3 4 2 3 2 2
Herbert? 4 2 4 2 2 4 4
Ivanhoe 3 2 1 2 3 4 3
Jersey? 4 3 2 2 3 2 4
Lateblue? 4 3 3 3 3 3 4
Meader 2 2 2 4 3 2 4
Morrow 1 2 2 1 2 2 2
Murphy 2 2 2 1 3 2 2
Nelson 3 3 4 4 3 4 4

1 Fruiting season (1-4, early to late); Yield potential (1—4, low to high); Size (1-4, small to large); Scar (14, large to small);
Firmness (14, soft to firm); Flavor (1-4, weak to excellent); Winter hardiness (1-4, limited to very hardy).

2 Variety is suitable for mechanical harvest.
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Table 5— continued

Patriot?
Pemberton
Rancocas
Rubel?
Sierra
Spartan?
Stanley
Sunrise
Toro?
Weymouth
Wolcott

Half-highs
Northblue
Northcountry
Northland
Northsky

St. Cloud

Fruit Yield Fruit Winter
Season Potential  Size Scar  Firmness Flavor Hardiness
2 2 3 3 3 3 4
3 3 3 1 2 2 4
2 2 1 2 3 2 4
3 2 1 2 3 2 4
3 3 3 3 3 2 3
2 3 4 2 3 4 4
2 2 1 1 3 4 4
1 3 2 3 2 3 4
3 3 3 4 3 3 4
1 2 2 2 1 1 4
1 2 2 3 2 2 2
3 2 2 2 3 3 4
3 2 2 3 2 2 4
2 4 2 2 1 2 4
3 1 1 2 3 3 4
3 2 2 4 3 4 4
! Fruiting season (1-4, early to late); Yield potential (1-4, low to high); Size (1-4, small to large); Scar (14, large to small);
Firmness (1-4, soft to firm); Flavor (1—4, weak to excellent); Winter hardiness (1-4, limited to very hardy).

2 Variety is suitable for mechanical harvest.

Southern Highbush
Established Varieties

Avonblue

Flordablue

Sharpblue

New Releases

Bluetidge

Plants are spreading, moderately sized, and very productive. Must be pruned
lightly every year to prevent overbearing. Fruit is large and of the highest
quality of any low-chilling type. Is relatively self-fruitful, but planting with
other varieties is recommended. Probably has resistance to stem canker and
bud mites. Is an early producer that is adapted to north central Florida.

A medium-sized bush which has very large early fruit, average firmness, and
a moderately wet scar. Does not ship well due to its wet scar and must be
cross-pollinated. May be resistant to stem canker. Adapted for central and
south central Florida.

The most widely grown variety in central and southern Florida. Is very
similar to Flordablue, except fruit is darker. Requires cross-pollination. Plant
type is spreading and medium tall. Has the lowest chilling requirement of
any highbush variety. Probably resistant to stem canker. Early producer.

Broadly adapted across the Southeast and Arkansas. Is very productive with
medium-sized, firm fruit. Has pleasant high-acid flavor with only a fair
picking scar. Is resistant to stem canker. Needs 500 to 600 hours of chilling.
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Cape Fear

Cooper

Georgiagem

Gulf Coast

O'Neal

Reveille

Northern Highbush

Established Varieties
Angola

Berkeley

Bluechip

Bluecrop

Bluehaven

Blugjay

High-yielding type with large, firm fruit. Has a small scar, but only fair
flavor. Is resistant to stem canker, and is very broadly adapted to the South-
east. Needs 500 to 600 hours of chilling.

Moderately productive and upright with medium-sized fruit. Flavor, color, and
firmness are good. Blooms fairly late and needs 400 to 500 hours of chilling.

Consistently producing, high-yielding, semi-upright bush with medium-sized
fruit. Berries are firm with a small dry scar. Appears to benefit from cross-
pollination. Major limitation is susceptibility to cold spring temperatures.
Needs approximately 350 hours of chilling.

Semi-upright plant that has moderate productivity. The fruit is small to
medium-sized and firm, with good flavor. The stem scar is very small. Re-
quires 400 to 500 hours of chilling.

A somewhat branching, semi-upright bush that produces very early yields of
moderate-sized fruit. Early bud break can result in cold damage in spring.
Has a good scar and flavor and is very firm. Is resistant to stem canker. Needs
approximately 500 to 600 hours of chilling.

Consistent producing, upright bush with broad soil adaptations. Has firm,
moderate-sized fruit with a good picking scar. Is very resistant to stem
canker; moderately resistant to stem blight and mummy berry. Has per-
formed well in observation trials throughout the highbush production region
in southeastern North Carolina.

A vigorous, upright bush producing a loose fruit cluster with large, dark
berries. Very early production. Resistant to canker.

Berries are light blue, firm, and very large, and store well even though they
have a large stem scar. Winter hardiness is limited and flavor is only fair.
Bush is moderately tall and spreading.

Provides excellent-flavored, firm fruit. Can be highly productive, but is
difficult to establish. Has field tolerance to stem canker although it is not
resistant. Is vigorous and upright growing; easy to prune.

Is the most widely grown variety in the world. Produces numerous medium-
sized, firm berries. Tends to overproduce if not pruned regularly. Its scar is
small and its flavor good. Is field resistant to shoestring and red ringspot
virus, and is moderately resistant to mummy berry and powdery mildew.

Upright and productive, but not sufficiently hardy for northern areas. Berry is
large, light blue, and exceptionally flavorful. The scar is small and dry.

Upright, open, rapidly growing bush that produces moderate yields of me-
dium-sized, firm fruit that ships well. Has small stem scar and mild, slightly
tart fruit. Is field resistant to shoestring virus and is moderately resistant to
mummy berry.
