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About this handbook
The Oregon-Washington Master Gardener Handbook is a basic gardening text, used 

as one component in master gardener training programs for Extension volunteers 
in Oregon and Washington. It also is a useful resource book for any gardener in the 
 Northwest, covering topics in gardening, landscaping, and pest management.

The title “Master Gardener—Washington State University” or “Master Gardener— 
Oregon State University” is to be used only and exclusively in the WSU Extension or 
OSU Extension Service Master Gardener program, through which trained and certified 
master gardeners provide gardening information.

© 1999 Oregon State University

Published and distributed in furtherance of the Acts of Congress of May 8 and June 30, 1914, by the Oregon 
State University Extension Service and Washington State University Cooperative Extension, and the U.S. 
Department of Agriculture cooperating.

The two participating Extension Services offer educational programs, activities, and materials—without 
discrimination based on age, color, disability, gender identity or expression, marital status, national origin, 
race, religion, sex, sexual orientation, or veteran’s status. Oregon State University Extension Service and 
Washington State University Cooperative Extension are Equal Opportunity Employers. 

Published October 1999; reprinted October 2008.



iv

How to order publications
Relevant Washington State University and Oregon State University Extension publi-

cations are listed at the end of each chapter. Contact the publishing university, as listed 
below, to obtain current prices and to order copies. Many of these publications also are 
available online (see box at bottom of this page).

Additional copies of this handbook are available from both states. Please ask about 
sales tax and shipping & handling charges before placing your order. For security rea-
sons, please do not send credit card information via e-mail.

Washington State University Extension
Send the publication’s complete title and series number, along with payment, to:

Extension Publishing and Printing
Washington State University
P.O. Box 645912
Pullman, WA 99164-5912
Phone: 800-723-1763
Email: extpubs@wsu.edu

WSU accepts Visa and MasterCard (minimum $5.00 order), purchase orders (minimum 
$10.00 order), and checks (payable to Cooperative Extension Publications).

Oregon State University Extension Service
Send the complete publication title and series number, along with payment, to:

Publication Orders
Extension & Station Communications
Oregon State University
422 Kerr Administration
Corvallis, OR 97331-2119
Phone: 800-561-6719
Fax: 541-737-0817
Email: puborders@oregonstate.edu

OSU accepts Visa, MasterCard, and checks (payable to  Oregon State University).  

Visit our websites
WSU Extension publications 

http://pubs.wsu.edu/
WSU Extension gardening information 

http://gardening.wsu.edu/
OSU Extension Service publications 

http://extension.oregonstate.edu/catalog/
OSU Master Gardeners 

http://extension.oregonstate.edu/mg/
OSU Extension Service gardening information 

http://extension.oregonstate.edu/gardening/



v

Contents

Introduction: Sustainable Gardening .............................................................................. 1
 1 Botany Basics ............................................................................................................ 3
 2 Soils and Fertilizers  ............................................................................................... 35
 3 Plant Propagation  .................................................................................................. 61
 4 Pruning  ................................................................................................................... 81
 5 Composting  ........................................................................................................... 103
 6 Your Yard and Water Quality  .............................................................................. 115
 7 Vegetable Gardening  ........................................................................................... 125
 8 Herbaceous Ornamental Plants  .......................................................................... 167
 9 Woody Landscape Plants  ..................................................................................... 185
10 Home Orchards  .................................................................................................... 207
11 Berry Crops  .......................................................................................................... 223
12 Lawns  .................................................................................................................... 271
13 Houseplants  .......................................................................................................... 293
14 Basic Entomology  ................................................................................................. 309
15 Plant Disease  ........................................................................................................ 325
16 Diagnosing Plant Problems  ................................................................................. 341
17 Weed Management  ............................................................................................... 389
18 Vertebrate Pest Management  .............................................................................. 405
19 Understanding Pesticides  .................................................................................... 423
20 Integrated Pest Management  ............................................................................... 439
21 Sustainable Landscape Design  ............................................................................ 457
22 Plant Identification  .............................................................................................. 475
Glossary  ........................................................................................................................ 479
Index  ............................................................................................................................. 501

Contents •



vi

List of figures

Chapter 1. Botany Basics
 1. Parts of a plant ..........................................6
 2. Root structure ...........................................7
 3. Root cross section ....................................7
 4. Taproot and fibrous roots .......................7
 5. Stem cross sections ..................................8
 6. Stem structure ..........................................9
 7. Aboveground stems ...............................10
 8. Below-ground stems ...............................11
 9. Leaf and flower buds ..............................13
 10. Bud location ............................................13
 11. Leaf parts .................................................13
 12. Leaf cross section ...................................14
 13. Leaf venation ...........................................15
 14. Leaf blade shapes ...................................16
 15. Leaf margin shapes .................................16
 16. Leaf apex and base shapes ....................17
 17. Leaf types ................................................17
 18. Leaf arrangement ....................................17
 19. Complete flower ......................................18
 20. Imperfect flower ......................................19
 21. Types of fruit ...........................................20
 22. Parts of a seed .........................................21
 23. Germination .............................................21
 24. Photosynthesis and respiration ...........23
 25. Stomata ....................................................24
 26. Periodicity ...............................................26

Chapter 2. Soils and Fertilizers 
 1. Shapes of soil particles ..........................38
 2. Soil textural classes ................................39
 3. Compacted soil .......................................40
 4. Ridgetops and slopes .............................41
 5. The soil food web ...................................42
 6. Earthworm channels ..............................43
 7. Nitrogen cycle .........................................45
   8. Effect of pH on nutrient availability .....57

Chapter 3. Plant Propagation 
 1. Temperatures for sterilizing soil ..........65
 2. Sowing seeds ...........................................66
 3. Tip and medial cuttings .........................71
 4. Cane cuttings...........................................71
 5. Leaf cuttings ............................................72

 6. Root cuttings ...........................................72
 7. Layering ...................................................73
 8. Propagation with stolons .......................74
 9. Propagation with offsets ........................74
 10. Separating corms ....................................75
 11. Dividing plants ........................................75
 12. Cleft graft .................................................76
 13. Bark graft .................................................76
 14. Whip (tongue) graft ................................77
 15. Patch budding .........................................77
 16. Chip budding ...........................................77
 17. T-budding .................................................78

Chapter 4. Pruning 
 1. Branch spacing .......................................83
 2. Pruning shears ........................................84
 3. Pole pruner ..............................................84
 4. Hedge shears ...........................................85
 5. Saws ..........................................................85
 6. Heading cuts ............................................86
 7. Branch selection .....................................86
 8. Branch collar ...........................................87
 9. Pruning a large branch ...........................87
 10. Espalier ....................................................88
 11. Limb orientation .....................................90
 12. Crotch angle ............................................90
 13. Selecting scaffolds ..................................90
 14. Natural branching ...................................91
 15. Thinning cuts ..........................................91
 16. Pruning to a lateral .................................92
 17. Light distribution ....................................92
 18. Shaded area and tree size ......................92
 19. Shaded area and tree shape ..................92
 20. Low-hanging branches ...........................93
 21. Bench cuts ...............................................93
 22. Pruning to a vase shape .........................94
 23. Vase-shaped tree .....................................94
 24. Training a cherry tree ............................95
 25. Thinning a shrub ....................................97
 26.  Renewing a shrub ...................................97
 27. Hedge pruning .........................................98
 28. Hedge shapes ..........................................98
 29. Pruning angle ........................................100

• List of figures



vii

Chapter 5. Composting 
 1. Compost microorganisms ...................104
 2. Composting process .............................104
 3. Piles and bins ........................................106

Chapter 6. Your Yard and Water Quality
 1. Nitrogen cycle .......................................116

Chapter 7. Vegetable Gardening
 1. Hand tools .............................................127
 2. Cultivating tools ....................................127
 3. Sowing seeds .........................................134
 4. Planting methods ..................................135
 5. Raised beds ...........................................145
 6. Tomato cages and stakes .....................146
 7. Trellis and poles ...................................146
 8. Succession planting  .............................149
 9. Container gardening .............................150
 10. Cold frame .............................................157
 11. Dutch light .............................................158
 12. Solar pod ................................................158
 13. Cloche ....................................................159
 14. Season extenders ..................................160

Chapter 8. Herbaceous Ornamental Plants 
 1. Flower border by height ......................171
 2. Flower border by bloom season .........171
 3. Sample mixed bed ................................175
 4. Staking plants ........................................179
 5. Bulb and corm types ............................180

Chapter 9. Woody Landscape Plants 
 1. Types of nursery plants .......................186
 2. Planting bare-root plants .....................186
 3. Planting B&B, container plants ...........186
 4. Splitting a root ball ...............................187
 5. Staking ....................................................187
 6. Area beneath a plant ............................190
 7. Protecting shrubs from snow ..............201

Chapter 10. Home Orchards 
 1. Tree sizes ...............................................211
 2. Locating a dripline ................................214
 3. Growth stages of tree fruits .................217

Chapter 11. Berry Crops 
 1. Raspberry and blackberry ..................225
 2. Two-wire trellis (blackberry) ..............226
 3. Multiple-wire trellis (blackberry) .......227
 4. Four-wire trellis (raspberry) ...............232
 5. Three-wire trellis (raspberry) .............232
 6. Planting depth for strawberries ..........236

 7. Spacing for strawberries ......................236
 8. Alternatives for strawberries ..............239
 9. Blueberry foliage symptoms ...............241
 10. Blueberry fruit buds  ............................244
 11. Head-trained grape ...............................253
 12. Cane pruning grapes  ...................254–256
 13. Spur pruning grapes .....................257–258
 14. T-bar trellis (kiwifruit)..........................262
 15. Winged T-bar trellis (kiwifruit) ...........262
 16. Training young kiwifruit ..............263–264
 17. Mature kiwifruit cordon  ......................265
 18. Dormant kiwifruit cordon ....................265

Chapter 12. Lawns 
 1. Parts of a grass plant ...........................272
 2. Leaf blade shapes .................................272
 3. Leaf sheath types ..................................272
 4. Vernation types .....................................273
 5. Collar types  ..........................................273
    6. Ligule types ...........................................273
 7. Auricle types .........................................273
 8. Grass growth habits .............................273

Chapter 13. Houseplants 
 1. Increasing humidity ..............................295
 2. Pot-bound plant ....................................297
 3. Removing plants from pots .................299
 4. Trimming roots .....................................299
 5. Repotting ...............................................300

Chapter 14. Basic Entomology
 1. Parts of an insect ..................................313
 2. Wings ......................................................313
 3. Legs ........................................................314
 4. Antennae ................................................314
 5. Mouthparts ............................................314
 6. Simple metamorphosis ........................315
 7. Complete metamorphosis ...................315
 8. Types of insect injury ..........................317
 9. Order Coleoptera ..................................318
 10. Earwig ....................................................318
 11. Diptera ...................................................319 
 12. Hemiptera ..............................................320
 13. Homoptera .............................................320
 14. Hymenoptera.........................................320
 15. Lepidoptera ...........................................321
 16. Neuroptera ............................................322
 17. Orthoptera .............................................322
 18. Thrips .....................................................323

List of figures •

(continues next page)



viii

Chapter 15. Plant Disease 
 1. The disease triangle  ............................329
 2. Disease cycle of apple scab .................330

Chapter 16. Diagnosing Plant Problems 
 1. Needle drop ...........................................344
 2. Canopy death ........................................345
 3. Nonuniform damage (tree) ..................345
 4. Nonuniform damage (needles) ...........345
 5. Shoot dieback........................................346
 6. Uniform damage (needles) ..................346
 7. Winter injury .........................................346
 8. Fungal leaf spots ...................................348
 9. Bacterial leaf spots ...............................349
 10. Viral infection ........................................349
 11. Chemical injury .....................................354

Chapter 17. Weed Management 
 1. Reed canarygrass .................................391
 2. Little bittercress ...................................391
 3. Western bracken fern ...........................391
 4. Chickweed .............................................393
 5. Tansy ragwort .......................................393
 6. Field bindweed ......................................393
   7. Field horsetail .......................................395

Chapter 18. Vertebrate Pest Management 
 1. Deer mouse............................................406
 2. Brown bat ..............................................410
 3. Mole ........................................................410
 4. Mole mound ..........................................411
 5. Pocket gopher mound ..........................411
 6. Placing a mole trap ...............................412
 7. Pocket gopher .......................................412

 8. Vole .........................................................413
 9. Ground squirrel .....................................415
 10. Mountain beaver ...................................416
 11. Cage traps ..............................................416
 12. Mule deer ...............................................417
 13. Elk ...........................................................417
 14. Gray squirrel .........................................418
 15. Cottontail rabbit ...................................419
 16. Raccoon .................................................420
 17. Opossum ................................................420
 18. Woodpecker ..........................................421

Chapter 19. Understanding Pesticides 
 1. Application equipment ........................428

Chapter 20. Integrated Pest Management 
 1. Honeybee ...............................................448
 2. Predatory insects .................................449
 3. Parasitoids .............................................449

Chapter 21. Sustainable Landscape Design 
 1. Daily light pattern .................................459
 2. Tree planted near house ......................460
 3. Use areas ................................................461
 4. Simplicity ...............................................462
 5. Rhythm and line ....................................463
 6. Balance ...................................................463
 7. Plant forms ............................................466
 8. Property map ........................................467
 9. Use areas on a map ..............................468
 10. Landscape symbols ..............................469
 11. Sample landscape plan ........................469
 12. Planting key ...........................................470

Chapter 22. Plant Identification
None 

• List of figures



ix

List of tables

Chapter 1. Botany Basics
 1. Monocots and dicots................................3
 2. Photosynthesis and respiration ...........24
 3. Plant macronutrients .............................30
 4. Plant micronutrients ..............................31
 5. Growth-affecting materials ....................33

Chapter 2. Soils and Fertilizers 
 1. Soil microorganisms ...............................42
 2. Essential plant nutrients ........................43
 3. Forms of nitrogen in soil ........................46
 4. Organic and processed fertilizers ........47
 5. Processed N sources ..............................48
 6. Processed P and K sources ...................49
 7. Manure nutrient content .......................49
 8. Organic fertilizer nutrient 

content .....................................................51
 9. Cover crops .............................................56
 10. Soil salinity ..............................................58

Chapter 3. Plant Propagation 
 1. Seed germination requirements ...........63

Chapter 4. Pruning 
 1. Shrubs that bloom on last year’s 

growth ......................................................97
 2. Shrubs that bloom on this year’s 

growth ......................................................97

Chapter 5. Composting 
 1. Compost raw materials ........................105

Chapter 6. Your Yard and Water Quality
 1. Runoff from various surfaces ..............117

Chapter 7. Vegetable Gardening
 1. Air temperatures for growth ...............132
 2. Soil temperatures for growth ..............133
 3. Viability of seeds ..................................136
 4. Transplantability of vegetables ..........138
 5. Critical moisture periods .....................140
 6. Plant nutrient needs .............................142
 7. Amount of produce and  

garden space needed ...........................144

 8. Planting distances ................................145
 9. Short-season crops ...............................147
 10. Long-season crops ................................147
 11. Aboveground growth patterns ............148
 12. Rooting depths ......................................148
 13. Root growth patterns ...........................148
 14. Vegetables for winter gardens ............155
 15. Planting dates for winter 

gardens ..................................................157
 16. Time to maturity ...................................161
 17. Herbs ......................................................163

Chapter 8. Herbaceous Ornamental Plants 
 1. Annuals ..................................................169
 2. Perennials ..............................................172

Chapter 9. Woody Landscape Plants 
 1. Fertilizer quantities ..............................190
 2. Herbicide effects on plants .................197

Chapter 10. Home Orchards 
 1. Apple vigor ratings ...............................208
 2. Apples by time of maturity ..................208
 3. Apple varieties ......................................209
 4. Cherry varieties ....................................209
 5. Pear varieties ........................................210
 6. Peach, nectarine, and apricot  

varieties .................................................210
 7. Nut varieties ..........................................211

Chapter 11. Berry Crops 
 1. Blackberry cultivars .............................224
 2. Raspberry cultivars ..............................230
 3. Strawberry cultivars ............................235
 4. Blueberry cultivars ...............................240
 5. Currant cultivars ...................................246
 6. Gooseberry cultivars ...........................247
 7. Tablegrape cultivars for Oregon .........250
 8. Winegrape cultivars for Oregon ..........251
   9.  Spacing and yield of berry crops ........269

List of tables •

(continues next page)



x

Chapter 12. Lawns 
 1. Kentucky bluegrass susceptibility 

to necrotic ring spot .............................274
 2. Adapted westside varieties  ................276
 3. Adapted eastside varieties ..................276
 4. Westside cultivars  .......................277–278
 5. Lawn problems and solutions .............281
 6. Sources of nutrients .............................282
 7. Lawn diseases ...............................286–287
 8. Fungicides ..............................................288

Chapter 13. Houseplants 
 1. Houseplant problems ...................301–302

Chapter 14. Basic Entomology
 1. Classes of phylum Arthropoda ...........311
 2. Orders of class Insecta .........................311

Chapter 15. Plant Disease 
 1. Plant families for rotation ............335–336

Chapter 16. Diagnosing Plant Problems 
 1. Fungal and bacterial leaf spots ...........348

Chapter 17. Weed Management 
 1. Origin of weeds .....................................390
 2. Weeds by life cycle ...............................392
 3. Weed effect on vegetable yields .........394
 4. Seed production and survival .............395

Chapter 18. Vertebrate Pest Management 
 None

Chapter 19. Understanding Pesticides 
 1. Types of pesticides ...............................423

Chapter 20. Integrated Pest Management 
 1. Plant families for rotation ....................443
 2. Beneficial insects and pests 

controlled ..............................................448
 3. Insectary plants ....................................450

Chapter 21. Sustainable Landscape Design 
 1. Specifications for plant masses ..........469

Chapter 22. Plant Identification
 1. Sample key .............................................478

• List of tables



Introduction: 
Sustainable Gardening
A thoughtful balance  
between resources used and results gained

Enjoyed by millions, gardening is among the most 
popular leisure activities in America and through-
out the world. Gardening can contribute to your 

enjoyment and appreciation of nature, and how you 
garden can have a significant impact—both positive 
and negative—on your local and regional environment. 
As a result, gardeners are becoming more aware of 
environmental protection and improvement practices. 

Sustainable gardening is a straightforward concept 
that requires only slightly more planning than con-
ventional gardening. A sustainable garden is one that 
thrives with minimal inputs of labor, water, fertilizer, 
and pesticides. Sustainable gardening also may mean 
altering your perception of the “perfect garden.” Lawns 
that are lush, green, and weed-free; plants with no 
insect damage; and unblemished fruit may be desir-
able, but they carry a price. Sustainable gardens 
achieve a balance between inputs and outcome. 

You can do a number of things to reduce the inputs 
necessary to make your garden thrive. The first and 
most important concerns the soil. Starting with soil 
that has the correct pH, good drainage, adequate fertil-
ity, and few weeds is a critical first step in sustainable 
gardening. Research has shown that nearly 80 percent 
of plant problems are related to poor soil. Completing 
an initial soil test can give you guidance on how to 
improve your soil. 

Selecting plant material adapted to your area is the 
next step. Choosing plants that are well suited to your 
yard’s climate, light exposure, annual precipitation, 
and other environmental conditions helps ensure that 
your plants will grow well. Additionally, selecting spe-
cies that are disease- and insect-resistant can drasti-
cally reduce your need for insecticides and fungicides.

You also can incorporate resource conservation 
practices into your gardening repertoire. Composting 

By Ann Marie VanDerZanden, former 
Extension master gardener state coordinator, 
Oregon State University.
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pruned limbs, leaves, and other garden 
by-products is a good way to create a 
constant supply of nutrient-rich organic 
material. Incorporating this composted 
material into the soil not only improves 
soil fertility and drainage, but also 
reduces the burden that garden waste 
adds to landfills. Likewise, a mulching 
lawn mower keeps finely chopped clip-
pings on the lawn, where they can decom-
pose and return nutrients to the soil, at 
the same time eliminating the need to bag 
clippings and send them to a landfill.

Covering bare soil with mulch leads to 
many garden benefits. The mulch layer 
reduces soil water evaporation and run-
off, thus allowing water to be used more 
efficiently. Reduced weed growth is  
another benefit. Suppressing weeds 
eliminates the need to apply herbicides 

and reduces the competition for water 
between weeds and desired plants. A 
mulch layer also can minimize fluctua-
tions in soil temperature and reduce root 
damage from temperature extremes. 
Additionally, as organic mulches (such as 
bark chips and leaves) decompose, they 
add organic matter to the soil and  
improve soil fertility. 

As the world population grows, the 
planet’s natural resources face increasing 
stress. Contrary to popular perception, 
gardening methods do have implications 
beyond the backyard. If all gardeners, new 
and experienced, continue to adopt and 
refine the principles of sustainable garden-
ing, they will further enhance the environ-
ment for people, plants, and wildlife. This 
book is designed to help you do just that.
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