
1TableofContents

1. Introduction ...................................................... 1-1

2. Grapevine Development and Basic Physiology .... 2-1
The Goals of Viticulture ....................................................................................... 2-1

Basic Physiology ..................................................................................................... 2-1

Vine Development ....................................................................................................... 2-2

Effects of Vine Injury.................................................................................................. 2-4

3. Vineyard Establishment ................................... 3-1
3.1. Site Selection ............................................................... 3-1

Climate................................................................................................................ 3-1

Minimum Site Requirements for the Planting of Vitis vinifera ..................... 3-1

Solar Radiation......................................................................................................... 3-1

Growing Degree Days................................................................................................. 3-2

Precipitation ...................................................................................................... 3-2

Slope.................................................................................................................... 3-2

Elevation............................................................................................................. 3-3

Wind.................................................................................................................... 3-3

Water................................................................................................................... 3-3

3.2.Soils............................................................................... 3-6
Soil Survey.......................................................................................................... 3-6

Soil Amendments ......................................................................................................... 3-6

Land Preparation .................................................................................................... 3-6

Pre Plant Cover Crop .................................................................................................. 3-7

Nitrogen Contribution of Cover Crop.................................................................... 3-7

Site Development ......................................................................................................... 3-7

Row Direction ............................................................................................................... 3-8

Vine Spacing ...................................................................................................... 3-8

3.3.Planting Grapevines .................................................... 3-9
3.4.Variety and Rootstock Selection .................................... 3-10

Grape Variety Descriptions ...................................................................................... 3-11

Rootstock Description ............................................................................................... 3-18

Rootstock Characteristic ............................................................................................. 3-19

Importing Grapevines ................................................................................................. 3-21

3.5. Trellis Systems ................................................................... 3-22
Trellis Design................................................................................................................. 3-22
Training Systems........................................................................................................... 3-22

Vertical Shoot Positioned System ............................................................................. 3-23

Scott Henry System ............................................................................................... 3-24

Horizontally Divided Canopy System ................................................................. 3-25

Geneva Double Curtain.......................................................................................... 3-25

Wide T Trellis System.................................................................................................. 3-26

Posts and Wire............................................................................................................... 3-26

Anchor Systems ............................................................................................................ 3-26

4. Vineyard Maintenance ........................................ 4-1



Table of Contents

2010 Best Practices Guide for Grapes for British Columbia Growers T-2

4.1. Maintaining Young Vines ................................................. 4-1
Vine Rejuvenation ........................................................................................................ 4-1

4.2. Canopy Management for Pacific Northwest Vineyards 4-2
Definitions of Canopy Management ....................................................................... 4-2

Goals of Canopy Management ................................................................................. 4-4

Light and Temperature Effects of Canopy Manipulations ................................ 4-4

Canopy Assessment Methods ................................................................................... 4-6

Techniques for Canopy Manipulations................................................................... 4-6

Methods to Improve Fruit Exposure...................................................................... 4-10

The Ideal Canopy ......................................................................................................... 4-11

Concluding Remarks.................................................................................................... 4-11

References and Useful Literature.............................................................................. 4-12

Pruning............................................................................................................................ 4-13

 Cane Pruning.................................................................................................. 4-13

 Spur Pruning .................................................................................................. 4-13

4.3. Nutrition ....................................................................... 4-14
Soil Management .......................................................................................................... 4-14

Erosion Control ............................................................................................................ 4-16

Organic Matter .............................................................................................................. 4-17

Non-Nutritional Causes of Low Vine Vigour....................................................... 4-18

Fertilizers and Mineral Elements .............................................................................. 4-19

Plant Nutrients .............................................................................................................. 4-19

Nitrogen.......................................................................................................................... 4-20

Calculation of Fertilizer Rate for Ground Applied Fertilizers........................... 4-21

Phosphorous and Potassium ..................................................................................... 4-22

Magnesium ..................................................................................................................... 4-22

Boron............................................................................................................................... 4-22

Calcium............................................................................................................................ 4-23

Zinc .................................................................................................................................. 4.24

Iron................................................................................................................................... 4-24

Manganese...................................................................................................................... 4-25

Copper............................................................................................................................. 4-25

Sulphur ............................................................................................................................ 4-25

Soil Reaction an Influence of pH Availability of Nutrients ............................... 4-25

Lime Applications to the Soil .................................................................................... 4-25

Soil Acidification........................................................................................................... 4-26

Fertigation....................................................................................................................... 4-27

Petiole and Soil Analysis ............................................................................................. 4-29

Variety Vigour ............................................................................................................... 4-29

Soil Analysis ................................................................................................................... 4-29



Table of Contents

2010 Best Practices Guide for Grapes for British Columbia Growers T-3

Soil Testing Philosophies............................................................................................ 4-30

Soil Sampling Methods for Vineyards ..................................................................... 4-30

Avoid Contamination of Sample.............................................................................. 4-30

Compatibility Chart...................................................................................................... 4-31

4.4. Irrigation ....................................................................... 4-32
Water Management Principles and Practices for Vineyards .............................. 4-32

Irrigation Systems 4-32

Seasonal Water Requirements – Phenology and Climatic Conditions 4-34

Soil Type and Plant-available Moisture ................................................................... 4-34

Irrigation During Vineyard Establishments........................................................... 4-35

Irrigation Scheduling Methods.................................................................................. 4-35

Deficit Irrigation Methods.......................................................................................... 4-37

Water Management for Table Grapes..................................................................... 4-38

Irrigation Equipment ................................................................................................... 4-39

4.5. Vineyard Floor Management ........................................ 4-41
Types of Floor Management Systems ..................................................................... 4-41

Benefits of Utilizing Cover Crops in Vineyards.................................................... 4-41

Potential Problems ....................................................................................................... 4-42

Using Floor Management Wisely ............................................................................. 4-42

Cover Crop Choices and Their Management........................................................ 4-43

Cover Crop Selection................................................................................................... 4-43

Concluding Remarks.................................................................................................... 4-46

References and Useful Resources............................................................................. 4-47

Seed Sources .................................................................................................................. 4-48

4.6. Frost Protection............................................................. 4-49
Considerations for Protecting Grapevines from Low Temperature Injury... 4-49

Introduction ................................................................................................................... 4-49

General Cold Temperature Protection Strategies................................................. 4-51

Passive Frost Protection Strategies........................................................................... 4-52

Active Frost Protection Strategies ............................................................................ 4-57

Conclusions.................................................................................................................... 4-63

Literature Cited.............................................................................................................. 4-66

4.7. Crop Estimation............................................................ 4-68
Overview......................................................................................................................... 4-68

Determining the Number of Vines per Acre and per Block............................. 4-68

Determining the Number of Bunches per Vine................................................... 4-69

Predicting Harvest Bunch Weights .......................................................................... 4-69

Historic Bunch Weights.............................................................................................. 4-69



Table of Contents

2010 Best Practices Guide for Grapes for British Columbia Growers T-4

Lag Phase Weights and Factors ................................................................................ 4-70

Berry Number Averages ............................................................................................. 4-71

5. Crop Protection.................................................. 5-1
5.1. Integrated pest Management ........................................ 5-1

Pest Prevention ............................................................................................................. 5-1

Identification of Damage, Pests and Natural Enemies ....................................... 5-2

Monitoring...................................................................................................................... 5-2

Control Decisions......................................................................................................... 5-2

IPM Control Methods................................................................................................. 5-3

IPM Record Keeping and Evaluation ..................................................................... 5-3

5.2. Grape Diseases.............................................................. 5-4
Disease Diagnosis......................................................................................................... 5-4

Grape Powdery Mildew .............................................................................................. 5-4

Fungicide Notes............................................................................................................ 5-8

Botrytis Bunch Rot of Grape .................................................................................... 5-10

Grape Sour Rot ............................................................................................................. 5-12

Crown Gall of Grape................................................................................................... 5-13

Grape Virus Diseases................................................................................................... 5-14

Major Grape Virus Diseases ...................................................................................... 5-16

Grapevine Fanleaf Virus ............................................................................................. 5-16

Grapevine Leafroll-Associated Virus....................................................................... 5-16

Arabis Mosaic Virus..................................................................................................... 5-17

Rupestris Stem Pitting Virus...................................................................................... 5-17

Grapevine Phytoplasma Diseases............................................................................. 5-18

Grape Root Rot and Decline..................................................................................... 5-20

Esca/Young Vine Decline ......................................................................................... 5-20

Botryosphaeria Canker .............................................................................................. 5-22

Black Foot Disease....................................................................................................... 5-23

Grape Nematode Problems....................................................................................... 5-23

Nematode Species ........................................................................................................ 5-24

Other Grape Diseases ................................................................................................. 5-26

5.3. Insect and Mite Pests of Grapes................................... 5-27
Integrated Pest Management ..................................................................................... 5-27

Cultural and Physical Controls .................................................................................. 5-28

Major Pests of Grapes................................................................................................. 5-29

 Leafhoppers.................................................................................................... 5-30

 Climbing Cutworms..................................................................................... 5-33

 Grape Phylloxera........................................................................................... 5-34

 Wasps............................................................................................................... 5-36



Table of Contents

2010 Best Practices Guide for Grapes for British Columbia Growers T-5

 Spotted Wing Drosophila ........................................................................... 5-37

 Minor or Secondary Pests........................................................................... 5-39

 Thrips............................................................................................................... 5-39

 Spider Mites.................................................................................................... 5-40

 Grape Erineum Mite.................................................................................... 5-42

 Grape Leaf Dust Mite.................................................................................. 5-43

 Grape Mealybug............................................................................................ 5-44

 Scale Insects.................................................................................................... 5-45

 Snailcase Bagworm....................................................................................... 5-46

 European Earwig .......................................................................................... 5-47

 Click Beetle..................................................................................................... 5-48

Miscellaneous Insect Pests ......................................................................................... 5-49

 Blackvine Weevil ........................................................................................... 5-49

 Wood Boring Beetles................................................................................... 5-49

 Grasshoppers ................................................................................................. 5-49

 Whitefly ........................................................................................................... 5-49

 Western Grape Rootworm......................................................................... 5-49

 Cicada............................................................................................................... 5-50

 Three-Cornered Alfalfa Treehopper........................................................ 5-50

Additional Information ............................................................................................... 5-50

5.4. Weeds............................................................................ 5-51
Non-chemical Weed Control..................................................................................... 5-51

Chemical Weed Control.............................................................................................. 5-51

Invasive Alien Weeds................................................................................................... 5-55

5.5. Wildlife Management.................................................... 5-56
Birds ................................................................................................................................. 5-56

Rodents ........................................................................................................................... 5-57

Pocket Gophers ............................................................................................................ 5-58

Deer.................................................................................................................................. 5-58

Bears................................................................................................................................. 5-59

Snakes .............................................................................................................................. 5-59

5.6. Urban Issues ................................................................. 5-60
Farm Practices Protection (Right to Farm) Act.................................................... 5-60

Noise................................................................................................................................ 5-60

Pesticides......................................................................................................................... 5-60

6. Organic & Sustainable........................................ 6-1
6.1. Organic ......................................................................... 6-1
6.2. Sustainable .................................................................... 6-2



Table of Contents

2010 Best Practices Guide for Grapes for British Columbia Growers T-6

7. Spray Application ............................................... 7-1
7.1. Pesticides ...................................................................... 7-1

Legislation....................................................................................................................... 7-1

 Canadian Laws............................................................................................... 7-1

 British Columbia Laws ................................................................................ 7-2

Toxicity............................................................................................................................ 7-2

Pesticide Resistance Management and Chemical Families................................. 7-6

Hazard Shapes and Symbols...................................................................................... 7-8

Poisoning and First Aid .............................................................................................. 7-9

Protective Clothing and Equipment ........................................................................ 7-10

Personal and Environmental Safety Guidelines.................................................... 7-11

 Buying Pesticides................................................................................................... 7-11

 Transporting Pesticides ....................................................................................... 7-11

 Storing Pesticides/Shelf-life ............................................................................... 7-11

 Mixing /Loading Pesticides................................................................................ 7.12

 Applying Pesticides............................................................................................... 7-12

 After Applying Pesticides.................................................................................... 7-12

 Disposal of Unwanted Pesticides...................................................................... 7-13

 Disposal Containers ............................................................................................. 7-13

 Re-Entry Intervals (REI) ................................................................................... 7-13

 Grazing Restrictions............................................................................................. 7-14

 Harvesting Pesticides ........................................................................................... 7-14

Special Environmental Precautions ......................................................................... 7-14

Pesticide Application Equipment ............................................................................. 7-15

Sprayer Calibration ....................................................................................................... 7-16

Sprayer Calibration Checklist..................................................................................... 7-17

Mixing Chemicals ......................................................................................................... 7-18

Maintenance and Operation of Air-Blast Sprayers .............................................. 7-19

Sprayers Classified According to Volume of Spray Mixture per Acre ............ 7-19

Vineyard Weed Sprayers ............................................................................................. 7-20

Special Precautions....................................................................................................... 7-20

Sample Spray Record Form ....................................................................................... 7-21

8. Harvest and Quality Issues.................................. 8-1
8.1. Fruit Sampling and Maturity......................................... 8-1

Grape Sampling............................................................................................................. 8-1

Sample Preparation ...................................................................................................... 8-1

Analysis of Total Solids (sugar) in Grape ............................................................... 8-2

Analysis of Acidity in Grape Must ........................................................................... 8-2

Analysis of pH in Grape Must .................................................................................. 8-3



Table of Contents

2010 Best Practices Guide for Grapes for British Columbia Growers T-7

Analysis of Fermentable Nitrogen in Grape Must............................................... 8-3

Grape Seeds ................................................................................................................... 8-4

Grape Colour................................................................................................................. 8-4

Aroma/Flavour and Phenolic Compounds........................................................... 8-4

Botrytis Bunch Rot or Sour Rot ............................................................................... 8-5

Ideal Noble Rot Characteristics ................................................................................ 8-5

Ideal Sour, Grey or Vulgar Rot Characteristics..................................................... 8-5

Other Visual Observations on Fruit Condition.................................................... 8-6

Weather ........................................................................................................................... 8-7

Historical Index of Ripeness...................................................................................... 8-7

Sampling Abnormalities.............................................................................................. 8-7

Grape Harvest Trivia ................................................................................................... 8-7

8.2. Harvesting Techniques................................................. 8-10
Grape Scheduling.......................................................................................................... 8-10

8.3. Food Safety.................................................................... 8-11
Introduction ................................................................................................................... 8-11

What is a Food Safety Risk......................................................................................... 8-11

Ways that Fresh Product May Acquire Food Borne Illness .............................. 8-11

Good Agricultural Practices Reduce Food Safety Risk....................................... 8-12

9. Farm Regulations, Guidelines, and Government
Programs........................................................... 9-1
9.1. Health and Safety in Vineyards ..................................... 9-1

New and Younger Workers ....................................................................................... 9-2

Musculo-Skeletal or Soft Tissue Injuries................................................................. 9-3

Hazardous Materials..................................................................................................... 9-3

Equipment...................................................................................................................... 9-3

Contact FARSHA for Assistance............................................................................. 9-4

9.2. Agricultural Employers Guide to BC Employment
Standards Act ................................................................ 9-4

9.3. Farm Practices Protection Act....................................... 9-4
9.4. Environmental Farm Plan Program…………………… 9-5

10. Useful Publications and Websites........................ 10-1


