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Executive Summary

A literature review was undertaken with the objective of listing and describing
unpublished and published literature related to native species seed and
reclamation.  The topics of interest were (1) seed collection techniques, (2) seed
processing techniques, (3) seed storage practices, (4) seed viability and storage
(5) plant species used, (6) germination results and (7) planting techniques.  Case
histories and operational trials were obtained and interviews with various people
in the “reclamation business”, both private businesses and government
ministries, were conducted.

In general, the information obtained focuses on seed germination and
horticultural practices.  Nursery suppliers appear to have a lot of information that
is practical and anecdotal but not easily summarized.

Publications from areas outside of the jurisdictions listed in the request for
proposal (RFP) are included in the bibliography because of their relevance to the
objectives of the project.  There are many reports produced in jurisdictions
outside of British Columbia for species that occur within the province.

Numerous compendiums have been completed that summarize published
information or unpublished data that describe seed germination and horticultural
practices. Many of the articles simply provide broad descriptions of techniques
without specific details.  This is particularly noticeable with respect to seed
collection.

Mining companies have undertaken a variety of native species studies, but these
are difficult to access and/or the information has not been documented
adequately.

In British Columbia, much of the research has focused on woody species.
Herbaceous species appear to be less well known in terms of seed collection and
storage germination.  Very few studies describing direct seeding have been
undertaken or documented.
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1. Introduction

Myosotis Ecological Consulting was contracted by the British Columbia Ministry
of Forests, Invermere Forest District to conduct a review of literature related to
native species seed in British Columbia and in adjacent jurisdictions.

2. Objectives

The project had two objectives:

(1) Conduct a literature review related to native seed for reclamation.  The
geographic area to be covered was the entire province of British Columbia,
western Montana (west of the Continental Divide), Idaho and eastern
Washington.  The topics of interest were (1) seed collection techniques, (2) seed
processing techniques, (3) seed storage practices, (4) seed viability and storage
(5) plant species used, (6) germination results and (7) planting techniques.

(2) Conduct a review of what unpublished work on native seed for reclamation
has been done in British Columbia only.  This will be based on case histories,
operational trials and interviews of various people in the “reclamation business”
both private business and government ministries.  Written summary of this
information will include contact person’s name, location, company, mailing
address, phone number and the work they have done and their results

3. Methods

The search methods included a combination of computerised literature, Internet
and library searches.  An initial search of computerised bibliographic databases
involved a variety of keyword combinations.  The databases searched included
AGRICOLA, BIOSIS, CSITI and LINK.  Following these tasks, manual library
searches were conducted.  Recently published papers and key symposia
proceedings and references were used to identify important papers and
publications.  Specific journals were identified for more in-depth searching.  In
addition, key researchers and organisations were contacted.

An informal survey questionnaire was sent out via email to number of people
based on native plant council lists and associated contacts.  The survey
questionnaire is provided in Appendix A.
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3.1 Journals List

The journals reviewed included the following:

American Journal of Botany
Annals of Botany
Arctic and Alpine Research
Canadian Journal of Botany
Canadian Journal of Plant Science
Certified Seed Gleanings
Ecological Applications
Ecological Restoration
Ecology
Germination
Hortscience
Hortus Northwest
Hortus West
International Journal Plant Science
Iris
ISTA News Bulletin
Journal of American Society for Horticulture
Journal of Applied Ecology
Journal of Ecology
Journal of Horticultural Science

Journal of Range Management
Journal of Seed Technology
Menziesia
Native Plant Journal
Natural Areas Journal
Nature
Oecologia
Oikos
Park Science
Rangelands
Restoration and Management Notes
Restoration Ecology
Seed Research
Seed Science Research
Seed Science and Technology
Seed World
Sexual Plant Reproduction
Society for Ecological Restoration News
Wetlands

3.2 Websites

Several websites were searched for information.  These sites as well as email
addresses are listed in Appendices B – G.

4. How to use the Bibliography

Keywords have been assigned to all references and a complete list of references
associated with each keyword is provided in the Keyword Index.  The keywords
provide both general and specific searching capabilities.

Subject groups arrange keywords.  A single keyword or phrase was assigned to
each subject group and functions as a general search term.  This general search
term permits access to all references that have been assigned one of the specific
keywords within that subject heading.

Keyword searches often include papers that appear to be only peripherally
relevant.  This was deliberate on the part of the authors to ensure that all papers
related to a subject would “captured” in the search.



Native Seed Literature Review for British Columbia                               British Columbia Forest Service – Invermere Forest District

Myosotis Ecological Consulting, 52 Prestwick Cove SE, Calgary, Alberta, T2Z 3M3 3

The bibliography is arranged alphabetically by author with a number assigned to
each entry.  The numbers relate to the numbers on the Keyword Index.  Each
entry in the bibliography contains a citation, followed by an annotation (where
completed), and then a list of keywords.

4.1 Subject Index

Field Trials

5, 14, 30, 31, 35, 36, 37, 54, 55, 56, 57, 62, 69, 83, 107, 120, 139, 144, 206, 233,
266, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 313, 317, 318, 319

Forb

8, 22, 42, 45, 51, 104, 120, 126, 163, 183, 206, 210, 226, 245, 257, 275, 284,
286, 287, 288, 291, 294, 295, 296, 312, 341, 346

Grass

2, 3, 8, 13, 22, 35, 36, 37, 42, 68, 69, 77, 78, 79, 80, 86, 114, 115, 123, 124, 126,
139, 143, 147, 163, 165, 173, 175, 183, 210, 224, 245, 258, 259, 267, 275, 279,
284, 286, 287, 294, 296, 299, 327, 329, 336, 339, 341, 344

Seed Collection and Processing

1, 9, 14, 17, 19, 21, 33, 35, 36, 45, 52, 55, 69, 71, 72, 77, 78, 79, 81, 85, 88, 90,
92, 95, 100, 101, 106, 108, 113, 120, 121, 130, 131, 133, 138, 139, 149, 152,
160, 161, 162, 173, 182, 183, 197, 199, 202, 203, 204, 205, 206, 209, 213, 227,
229, 231, 234, 236, 237, 238, 239, 242, 243, 245, 248, 250, 254, 255, 260, 263,
264, 265, 278, 280, 282, 285, 286, 287, 289, 290, 292, 293, 294, 299, 303, 308,
310, 314, 315, 316, 317, 318, 319, 320, 324, 326, 333, 339, 342, 345

Seed Dormancy, Germination and Viability

3, 4, 6, 7, 10, 11, 12, 13, 15, 17, 18, 23, 24, 25, 26, 27, 28, 29, 32, 34, 35, 36, 38,
39, 40, 41,42, 43, 45, 46, 48, 49 50, 51, 53, 55, 57, 58, 59, 60, 61, 63, 64, 65, 66,
68, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 82, 83, 84, 86, 87, 88, 91, 93, 94,
96, 97, 98, 99, 102, 103, 104, 105, 106, 109, 110, 111, 113, 114, 117, 118, 120,
122, 123, 125, 127, 128, 130, 135, 136, 137, 140, 141, 142, 143, 145, 147, 151,
152, 153, 154, 155, 156, 157, 166, 167, 168, 169, 172, 174, 175, 176, 177, 178,
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179, 180, 181, 185, 186, 187, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198,
199, 200,201, 208, 209, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,
222, 223, 224, 225, 226, 228, 229, 230, 231, 232, 233, 235, 240, 241, 243, 244,
245, 246, 247, 248, 249, 251, 252, 253, 256, 257, 258, 259, 260, 261, 262, 263,
264, 265, 267, 268, 269, 270, 271, 272, 273, 274, 276, 278, 279, 280, 282, 283,
285, 286, 287, 288, 289, 290, 292, 297, 298, 300, 301, 302, 304, 305, 306, 307,
309, 310, 311, 312, 321, 322, 324, 325, 328, 330, 331, 332, 334, 335, 336, 337,
338, 339, 340, 341, 342, 343, 344, 346

Seed Production

14, 17, 23, 30, 31, 44, 54, 67, 90, 102, 108, 109, 110, 116, 119, 121, 134, 148,
164, 205, 206, 208, 245, 328, 330

Seed Storage

19, 20, 40, 47, 48, 53, 61, 62, 70, 71, 81, 92, 128, 129, 130, 151, 161, 162, 163,
170, 188, 193, 200, 209, 213, 248, 272, 302, 324, 330, 339, 341, 342, 343

Seeding

1, 5, 8, 14, 30, 33, 89, 108, 112, 126, 144, 164, 286, 287, 291, 292, 293, 295,
313, 326, 327

Seedling Propagation

1, 37, 43, 69, 130, 132, 150, 152, 159, 171, 177, 179, 180, 184, 197, 200, 266

Shrub

21, 22, 34, 45, 51, 72, 82, 83, 107, 117, 126, 127, 132, 137, 145, 158, 161, 166,
167, 178, 183, 196, 206, 210, 240, 251, 252, 257, 275, 284, 286, 287, 288, 290,
294, 296, 312, 324, 327, 341, 343

Transplanting

14, 35, 36, 37, 69, 74, 107, 266, 288, 290
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Trees

5, 6, 21, 22, 57, 81, 85, 96, 97, 125, 160, 161, 171, 177, 178, 187, 188, 189, 190,
191, 192, 193, 194, 195, 210, 266, 275, 277, 284, 286, 287, 296, 311, 341, 343

4.2 Geopolitical Region Index

Alaska

42, 68, 82, 83, 84, 139, 243, 312, 343

Alberta

1, 2, 3, 4, 8, 9, 78, 79, 108, 112, 119, 122, 126, 138, 142, 143, 165, 166, 167,
239, 245, 282, 283, 327

British Columbia

21, 30, 33, 35, 36, 37, 54, 55, 56, 72, 85, 94, 95, 96, 97, 98, 99, 100, 107, 135,
150, 159, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 209, 220, 221, 247,
248, 250, 255, 266, 276, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295,
317, 318, 319, 346

California

5, 6, 173, 234

Colorado

10, 11, 12, 13, 17, 34, 40, 45, 46, 51, 69, 74, 106, 171, 235, 246, 253, 254, 269,
270, 272, 324

Idaho

158, 172, 184

Manitoba

89, 90, 236, 237, 281, 326

Montana
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40, 57, 62, 148, 183, 200, 206, 207, 277, 313

Oregon

86, 114, 120, 145, 173, 263, 264, 265, 275, 299

Saskatchewan

87, 261

Utah

16, 18, 31, 32, 41, 59, 60, 61, 67, 73, 123, 152, 169, 171, 172, 223, 224, 300,
302

Washington

14, 88, 130, 131, 163, 173, 179, 180, 233, 257, 297

Wyoming

42, 68, 171, 206, 207, 260, 311

Yukon

146, 164, 314, 315, 316

5.0 Bibliography

The annotated bibliography contains numerous references that are not
specifically with the originally designated geographic region but which have
useful information for working with native species and their seed.  Information
describing seed collection methods, etc is not included for many references
because it was not provided.  Many of the references are simply summaries of
reports and do not contain specific information.

Published journal articles and books as well as non-published data are listed in
the bibliography instead of being separated.  Abstracts or summaries are
provided for most of the articles of publications.
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1.  Abouguendia, Z.  (1995).  Seeded Native Range Plants.  Publication GPS
0595.  Grazing and Pasture Technology Program and Extension Service,
Saskatchewan Agriculture and Food, Swift Current.  32 pp.

Keywords: seed collection, seeding, and seedling propagation.

2.  Acharya, S.N.  (1987).  Native grass breeding program at the Alberta
Environmental Centre.  Planning and Certification of Land Reclamation, April 16-
17, 1985 Edmonton Inn, Edmonton / Reclamation in the Eastern Slopes of
Alberta, September 25-26, 1986, Overlander Lodge, Hinton, Alberta.
Proceedings 1985 and 1986 Alberta Reclamation Conferences Alberta Chapter
of the Canadian Land Reclamation Association.  (C.B. Powter, R.J. Fessenden
and D.G. Walker, Compilers).  Reclamation Research Technical Advisory
Committee, Edmonton.  pp. 165-170.

This article describes the native grass breeding program established at the
Alberta Environment research station at Vegreville.

Keywords: grass and seed production.

3.  Acharya, S.N.  (1989).  Factors affecting alpine grass seed germination in
relation to their potential use in reclamation.  Proceedings of the Conference:
Reclamation, A Global Perspective.  Volume 1.  (D.G. Walker, C.B. Powter and
M.W. Pole, Editors).  Proceedings of the Conference, Calgary, Alberta, August
27-31, 1989.  Alberta Land Conservation and Reclamation Council Report
RRTAC 89-2.  Reclamation Research Technical Advisory Committee, Edmonton.
pp. 39-47.

Poa alpina seeds germinated best under darkness and 16/8hr cycles of
22oC/15oC temperature while Agropyron latiglume required a 29oC/22oC regime
and darkness for best germination.  Rapid germination in both species occurred
within a narrow range of temperature conditions.

Keywords: grass and seed germination.

4.  Acharya, S.N., Chu, C.B., Hermesh, R. and G.B. Schaalje.  (1992).  Factors
affecting red-osier dogwood seed germination.  Canadian Journal of Botany, 70,
1012-1016.

Seeds from 55 populations of native Alberta red-osier dogwood (Cornus
stolonifera Michx.) were collected over 2 years (1984 and 1985) to determine the
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range of variability for seed germination and the effect of ecoregion and moisture
conditions in the collection sites on this trait.  Each year the unscarified seeds
were stored at 3oC for 30 days, stratified at 3oC for an additional 30 days and
then incubated on an 8hr light: 16hr dark cycle at a temperature of 25:10oC
(light:dark) for germination.  A wide range of germination percentages was
observed among populations collected in any 1 year.  However, the variability
was not due to the ecoregion or moisture condition of the collection site.
Germination percentage of populations collected in 1984 and 1985 formed five
and seven groups, respectively.  A study involving eight sites that were common
to 1984, 1985 and 1986 revealed a significant effect of population on seed
germination.  This year effect was significant only when population was used as
a covariate.  Precipitation during seed formation significantly influenced
germination performance even after adjustments were made for population and
year.  Seed germination in red-osier dogwood appears to be influenced by the
population from which the seeds are collected and by yearly environmental
fluctuations.  Therefore, germination studies in this species must include seeds
from diverse populations collected over several years.

Keywords: red-osier dogwood, Cornus stolonifera Michx., germination,
population and environment.

5.  Adams, L. (1962).  Planting Depths for Seeds of Three Species of
Ceanothus.  Research Note 194, United States Department of Agriculture Forest
Service, California Forest and Range Experimental Station, Berkeley. 3 pp.

Key words: field trial, seeding, and Ceanothus.

6.  Adams, L., E. Stefanescu and D. J. Dunaway.  (1961).  Gibberellin and
thiourea break seed dormancy in California Ceanothus.  Research Note 178,
United States Department of Agriculture Forest Service, California Forest and
Range Experimental Station, Berkeley. 4 pp.

Key Words: seed dormancy and Ceanothus.

7.  Agriculture Canada.  (1992).  Canadian Methods and Procedures for Testing
Seed.  Laboratory Services Division, Food Production and Inspection Branch,
Agriculture Canada, Ottawa.  113 pp.

This document describes Agriculture Canada’s standard techniques and
procedures for seed testing.
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Keyword: seed testing.

8.  Alberta Agriculture, Food and Rural Development.  (1999).  Growing
Native Plants of Western Canada: Common Grasses and Wildflowers.  Alberta
Agriculture, Food and Rural Development, Edmonton.

This book takes an in-depth look at 48 species of native grasses and forbs that
have shown promise for ecological repair.  It has information on species
identification and selection, collection, seed handling, germination and the
ecology of the plants.

Keywords: forb, grass, restoration, and seeding.

9.  Alberta Native Plant Council.  (1995).  Native Plant Source List and
Collection and Use Guidelines.  Alberta Native Plant Council, Edmonton.  14 pp.
http://www.anpc.ab.ca

Keywords: seed collection.

10.  Amen, R.D.  (1965).  Seed dormancy in the alpine rush, Luzula spicata L.
Ecology, 46, 3, 361-364.

A study of Luzula spicata seeds from the alpine tundra of the Colorado Front
Range revealed complete dormancy due to a condition of the seed coat or
endosperm.  Dormancy appears to be related to the presence of a hard waxy
layer (gelatinous sheath when imbibed) covering the entire seed surface.  The
only seed treatment effective in breaking dormancy in this species is scarification
on the micropylar end of the seed.  Some type of mechanical action on the seed
coat apparently is necessary to elicit germination, presumably accomplished
naturally by the abrasive action of soil particles (rather than by biotic action) but
probably not until such time as the protective waxy or gelatinous buffer has been
weathered away.  Seeds from different alpine locations and collected in different
years did not vary in the extent or degree of dormancy exhibited, nor did they
vary significantly in their response to scarification and other treatments.

Keywords: rush, seed dormancy and seed scarification.

11.  Amen, R.D.  (1966).  The extent and role of seed dormancy in alpine plants.
The Quarterly Review of Biology, 41, 271-281.
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Seed dormancy is an adaptive mechanism of growth cessation that often confers
upon some species a selective advantage in distribution and abundance.
Although relatively few alpine species exhibit seed dormancy, the dominant or
abundant species of most communities do so.  The causes of seed dormancy in
alpine plants appear to be as diverse and typical as for any other ecological
group.  Seed coat inhibition is probably the most common cause of alpine seed
dormancy.  A requirements for pre-germination chilling (stratification) or for after-
ripening account for very little alpine seed dormancy.  Of some 60 species
investigated which set viable seed, 8 require scarification of the seed coat for
germination, 3 require pre-germination chilling, 2 require after0ripening, and 6
exhibit weak or vague photosensitivity.  Data are inconclusive and fragmentary
respecting the viability, germinability, and ripening of alpine seeds, primarily
because of variation in latitude, altitude and variable dates of collection.
Consequently, natural germination requirements are known for relatively few
alpine species.  Significant correlation exists between type of seed dormancy in
alpine plants and certain environmental factors.  Soil disturbance is the most
characteristic feature of the alpine environment.  Seed coat inhibition appears
correlated with most frequent occurrence of species exhibiting seed dormancy on
sites of severe soil disturbance.  As an ecological phenomenon, seed dormancy
appears to be represented in at least one species in each major alpine
community type.  It is proposed that seed dormancy may account for the relative
abundance and successional success of the dominant species.  With regard to
the nature and extent of seed dormancy, intraspecific variations among ecotypes
occur and may contribute to the relative abundance and success of a species in
different communities.

Keywords: seed coat, seed dormancy, seed germination and stratification.

12.  Amen, R.D.  (1967).  The effects of gibberelic acid and scarification on the
seed dormancy and germination of Luzula spicata L.  Physiologia Plantarum, 20,
6-12.

Luzula spicata L. seeds are completely dormant at maturity.  A germination
inhibitor is present at the micropylar end.  Normally, the only effective means of
eliciting germination is a precise scarification of the micropylar end which
inactivates the inhibitor.  Exogenous application of gibberellic acid, kinetin, KNO3,
and thiourea have no affect on the dormancy of unscarified seeds.  Scarification
of the hylar end of the seed does not elicit germination, but when gibberellic acid
is applied to the hylar scarified seeds moderate germination results.
Presumably, these seeds are dormant due to a deficit of endogenous gibberellin;
a condition that can be overcome by the application of gibberellic acid to seeds
scarified at a site in itself ineffective in producing germination.  Apparently the
gibberellic acid serves to initiate amylase activity in the endosperm, overcoming
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the inhibitor block.  Luzula spicata seed dormancy is apparently unique in that a
germination inhibitor is operative in conjunction with the commonly recognised
gibberellin-amylase mechanism.

Keywords: rush, scarification and seed germination.

13.  Amen, R.D. and E.K. Bonde.  (1964).  Dormancy and germination in alpine
Carex from the Colorado Front Range.  Ecology, 45, 4, 881-883.

The nature of achene dormancy was studied in two species of alpine sedges,
Carex albonigra and C. ebenea, from the Rollins Pass area of the Colorado Front
Range.  Germination response of achenes was determined under various
treatments, including stratification, scarification, leaching, extraction, exposure to
light and application of various plant growth regulators.  Two distinctly different
requirements for seed germination are exhibited by the two species.  In C.
albonigra, only scarification at the basal end of the achenes resulted in
germination.  Only fluorescent and red light were effective in promoting
germination in this species.  The light effect was apparently cumulative, with a
minimum of about 15 days of continuous light being required for the initiation of
germination.

Keywords: seed germination and seed dormancy.

14.  Antineau, C.J.  (1990).  Native grassland restoration and creation in western
Washington.  Restoration and Management Notes, 8, 1, 34-35.

The article describes a grassland re-creation at Jenkin’s Creek Park in western
Washington.  Volunteer work parties were formed using interested park
neighbours to dig native grassland plants from Jenkin’s Prairie in 1988.  Plants
were overwintered in containers.  Seed was also collected from Jenkin’s Prairie,
Mima Mounds prairie and from Sucia Island, Washington.  Seed was sown and
plants transplanted in the fall of 1989.  The species seeded or transplanted
included Achillea millefolium, Arbutus menziesii, Arctostaphylos uva ursi, Aster
curtus, Camassia quamash, Carex pensylvanica, Erythronium oreganum,
Festuca idahoensis, Fragaria virginiana, Lupinus lepidus, Quercus garryana,
Ranunculus occidentalis, and Viola adunca.  Baseline information on creating
native western Washington grasslands will be made available as the prairie
matures, and as successes and failures are monitored.

Keywords: field trial, restoration, seed collection, seeding, and transplanting.
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15.  Angevine, M.W. and B.F. Chabot.  (1979).  Seed germination syndromes in
higher plants.  Topics in Plant Population Ecology.  (D.T. Solbrig, S. Jain, G.B.
Johnson and P.H. Raven, Editors).  Columbia University Press, New York.  pp.
188-206.

The authors suggest there are two basic strategies of germination behaviour:
avoidance of difficult seedling growth conditions and tolerance of such
conditions.  Avoidance behaviours involve the use of environmental cues to
predict favorable and unfavorable periods.  Tolerance usually requires high
maternal investment in seed number or size in order to overcome mortality risks.

Keywords: seed germination.

16.  Armbrust, A.  (1985).  Commercial seed production and sales of species for
revegetation.  Vegetative Rehabilitation and Equipment Workshop.  39th Annual
Report, February 10 and 11, 1985, Salt Lake City, Utah.  United States
Department of Agriculture, Forest Service and the United States Department of
the Interior Equipment Development Centre, Missoula.  pp. 16-17.

Keywords: seed collection.

17.  Arpin, R.D.  (1986).  Commercial production of Rocky Mountain alpines.
Rocky Mountain Alpines, Alpines 86.  (J. Williams, Editor).  American Rock
Garden Society.  Timber Press, Portland.  pp. 223-227.

This article describes the production of alpine species nursery stock.  Hand seed
collection, seed processing, cleaning and seedling propagation are all described
from a practical perspective.

Keywords: seed collection, seed cleaning, and seed germination.

18.  Ashby, W.C. and H. Hellmers.  (1955).  Temperature requirements for
germination in relation to wildland seeding.  Journal of Range Management, 8,
80-83.

Keywords: seed germination.

19.  Band, S.R. and G.A.F. Hendry.  (1993).  Seed collecting, cleaning and
long-term storage.  Methods in Comparative Plant Ecology – A Manual of
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Laboratory Methods.  (G.A.F. Hendry and J.P. Grimes, Editors).  Chapman and
Hall Publishers, London.  pp. 9-10.

Keywords: seed collection, seed cleaning, and seed storage.

20.  Banerjee, M. and E. Molitor.  (1993).  Factors to consider when
accessioning seed.  Bioline, 11, 2, 18-20.

Keywords: seed storage.

21.  Banerjee, S.M., K. Creasey and D.D. Gertzen.  (2001).  Native Woody
Plant Seed Collection Guide for British Columbia.  Tree Improvement Branch,
British Columbia Ministry of Forests, Victoria.  147 pp.

This is an excellent seed collection guide for a number of native woody species
in British Columbia.  The purpose of the guide is to provide information
describing the collection practices and species descriptions.  Excellent color
photographs are provided that assist the seed collectors in identifying key
features of flowers, fruits, and seeds during the stages of flowering, forecasting
and collection.  The species illustrated include

The shrubs described include Alnus rubra, Alnus viridus, Amelanchier alnifolia,
Arbutus menziesii, Arctostaphylos uva ursi, Betula papyrifera, Ceanothus
sanguineus, Ceanothus velutinus, Cornus stolonifera, Corylus cornuta,
Crataegus douglasii, Eleagnus commutata, Holodiscus discolor, Juniperus
communis, Lonicera involucrata, Mahonia aquifolium, Mahonia nervosa, Malus
fusca, Philadelphus lewisii, Physocarpus capitatus, Populus balsamifera ssp.
trichocarpa, Populus tremuloides, Prunus emarginata, Prunus pensylvanica,
Prunus virginiana, Purshia tridentata, Quercus garryana, Ribes cereum Ribes
sanguineum, Rosa acicularis, Rosa gymnocarpa, Rosa nutkana, Rosa woodsii,
Rubus parviflorus, Rubus spectabilis, Sambucus cerulea, Sambucus racemosa
spp. pubens, Shepherdia canadensis, Sorbus scopulina, Symphoricarpos albus,
Vaccinium myrtilloides, and Vaccinium parvifolium.

Keywords: seed collection, shrub and tree.

22.  Barton, L.V.  (1967).  Biography of seeds.  New York, Columbia University
Press, 857 pp.

Key words: forb, grass, shrub, and trees.
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23.  Baskin, J.M. and C.C. Baskin.  (1973).  Plant population differences in
dormancy and germination characteristics of seeds: heredity or environment?
American Midland Naturalist, 90, 2, 493-498.

Keywords: seed dormancy, seed germination.

24.  Baskin, J.M. and C.C. Baskin.  (1980).  Seasonal changes in germination
responses of buried seeds of Verbascum thapsus and V. blattaria and ecological
implications.  Canadian Journal of Botany, 59, 1769-1775.

In a 2-year study, buried seeds of Verbascum thapsus and V. blattaria were
exposed to natural seasonal temperature cycles, and at monthly intervals, they
were exhumed and tested in light and darkness over a range of alternating
temperatures simulating those in the habitat throughout the growing season.  At
any time from spring to early autumn, seeds of both species germinated in light
at prevailing habitat temperatures.  Seeds of V. blattaria, seeds of V. thapsus
germinated to 25-85% in darkness in summer at summer temperatures.  In the
second spring of burial, seeds of both species showed a reduction in ability to
germinate in darkness at spring temperatures.  Only 5% of the V. blattaria and
16% of V. thapsus seeds germinated while those were buried.  The germination
characteristics are discussed in relation to the ecology of these two early
successional species.

Keywords: seed germination.

25.  Baskin, J.M and C.C. Baskin.  (1983).  Germination ecology of Veronica
arvensis.  Journal of Ecology, 71, 57-68.

A high proportion of the freshly-matured seeds of Veronica arvensis were
dormant at maturity in late May.  During the summer after-ripening period, the
proportion and the rate of germination increased, and the range of temperature at
which seeds could germinate widened.  Seeds required light for germination, and
they germinated equally well at constant and alternating temperatures.  By
August, 58-99% of the seeds germinated after 20 days in light (14-h photoperiod)
at constant temperature of 10 or 15oC, or at alternating temperatures of 15/6 and
20/10oC, but none germinated at 25oC or at the simulated August field
temperature regime of 35/20oC.

Seeds in an unheated glasshouse on soil kept at field capacity and on soil that
was alternately wetted and dried during summer had a low germination; 3 and
1%, respectively, in the first summer after planting, and none during the second
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and third summers.  This lack of germination during the summer, even though
light and soil moisture were not limiting, was probably because the temperature
was above that required for germination.

By September and October, the temperature in the field has fallen sufficiently to
allow a high proportion of the seeds to germinate if light and soil moisture are
adequate.  Seeds that do not germinate during the first autumn after dispersal
may germinate during the following spring or in some subsequent autumn or
spring.

During the first year of burial, seeds came out of dormancy during summer, and
by October, 59-100% of exhumed seeds germinated at 15/6, 20/10, 25/15 and
30/15oC.  During winter, the proportion of exhumed seeds germinating at all
temperatures decreased, and in April, only 38, 9 and 1% of the seeds germinated
at 15/6, 20/10 and 25/15oC, respectively, in light.  This cycle of germination
responses was repeated during the second summer and winter of burial.

As seeds require light for germination at all seasons, they cannot germinate while
buried.  However, seeds brought to the soil surface can germinate only in spring
or autumn.

Keywords: seed dispersal and seed germination.

26.  Baskin, C.C. and J.M. Baskin.  (1988).  Germination ecophysiology of
herbaceous plant species in a temperate region.  American Journal of Botany,
75, 286-305.

Keywords: seed germination.

27.  Baskin, J.M. and C.C. Baskin.  (1989).  Physiology of dormancy and
germination in relation to seed bank ecology.  Ecology of Soil Seed Banks.  (M.
Allessio Leck, V.T. Parker and R.L. Simpson, Editors).  Academic Press, San
Diego.  pp. 53-66.

Keywords: seed germination.

28.  Baskin, C.C. and J.M. Baskin.  (2001).  Seeds.  Ecology, Biogeography
and Evolution of Dormancy and Germination.  Academic Press, San Diego.  680
pp.

Keywords: seed dormancy and seed germination.
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29.  Bass, L.J. and D.C. Clark.  (1973).  Persistence of the dormancy-breaking
effect of gibberellic acid on Lesquerella seeds.  Proceedings of the Association of
Official Seed Analysts, 63, 102-105.

Keywords: seed dormancy and Lesquerella.

30.  BC Coal Limited.  (1981).  Annual Reclamation Report for 1980 and
Proposed Program for 1981.  Environmental Services Department, BC Coal
Limited, Sparwood.  181 pp.

Examinations of native species colonisation of sites seeded with agronomics can
provide information regarding the potential natural communities of surface mine
disturbances.  In 1980, two high-elevation sites were studied to document the
presence of colonising native species.  The native species colonisers of the
1950m elevation sites were leafy aster (Aster foliaceus Lindl. in DC.) subalpine fir
(Abies lasiocarpa [Hook.] Nutt.), (Smilacina racemosa [L.] Desf.), long-stalk
starwort (Stellaria longipes Muhl.), spike trisetum (Trisetum spicatum [L.] Richt.),
goldenrod (Solidago multiradiata Ait.), grouseberry (Vaccinium scoparium
Leiberg), silky lupine (Lupinus sericeus Pursh), sulfur-flowered umbrella plant
(Eriogonum umbellatum Torr.), Idaho fescue (Festuca idahoensis Elmer),
(Phacelia hastata Dougl.), pale agoseris (Agoseris glauca Pursh. Raf.) and
whitebark pine (Pinus albicaulis Engelm.).  The colonisers of the 1875m
subalpine site were sour weed (Rumex acetosella L.), lodgepole pine (Pinus
contorta Dougl.), pearly everlasting (Anaphalis margaritacea L.), fireweed
(Epilobium angustifolium L.), Hood’s sedge (Carex hoodii Boott.), shrubby
penstemon (Penstemon fruticosa L.), Saskatoon (Amelanchier alnifolia Nutt.) and
Engelmann spruce (Picea engelmannii Parry).  Total cover of these species was
about 10 percent.  Numerous small seedlings of several species were also noted.
The decrease in agronomic species richness and cover and the subsequent
invasion by native species was probably due to low nutrient status of these two
sites.  The results indicate that there is sufficient seedling colonisation and these
and similar sites provided there are appropriate species in adjacent sites.

Keywords: field trial, seed production and seedling.

31.  Beagle, G.A.  (1994).  Nursery grown plants for wetland mitigation projects.
Proceedings, Northeastern and Intermountain Forest and Conservation Nursery
Associations, August 2-5, 1993, St. Louis, Missouri.  (T.D. Landis, Technical
Coordinator).  General Technical Report RM-243.  United States Department of
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Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment
Station, Fort Collins.  pp. 105-110.

Constructed wetland ponds are being used at Lone Peak State Nursery operated
by the Utah Division of State Lands and Forestry to produce wetland plants for
restoration projects.  The ponds are treating water runoff from Lone Peak
Nursery operations, filtering dissolved pollutants and providing a source of seed
and methods for commercial production of Carex, Juncus, Scirpus, and
Eleocharis plugs.

Keywords: field trial, rushes and sedges, and seed production.

32.  Beckstead, J., S.E. Meyer and P.S. Allen.  (1996).  Bromus tectorum seed
germination: between-population and between-year variation.  Canadian Journal
of Botany, 74, 875-882.

Cheatgrass (Bromus tectorum L., Poaceae), an introduced winter annual, has
invaded a variety of habitats in western North America.  This study examines
variation in cheatgrass germination response and after-ripening patterns that are
related to differences in habitat and to yearly differences in weather conditions
during seed maturation.  Seeds collected from five contrasting populations in
1992 and 1993 were subjected to controlled dry storage and then incubated
across a range of temperatures.  Recently harvested seeds were dormant and
germinated slowly while fully after-ripened seeds were non-dormant and
germinated rapidly.  The optimal incubation temperature for mean germination
time shifted from 5:15 to 20:30oC as a result of after-ripening.  Between-
population differences in germination response appear to be related to the
potential risk of precocious summer germination.  The results from this 2-year
study suggest genetically fixed while populations from more favourable
environments tended to show more between-year variations, suggesting more
phenotypic plasticity.  Germination percentage showed greater between-year
variation than mean germination time.  Between-year differences could not be
explained simply by differences in maximum temperature or total precipitation
during maturation.  Adaptive germination response in cheatgrass populations
from contrasting habitats may have both genetic and environmental components
thus explaining why this species can become established in such a variety of
habitats.

Keywords: after-ripening, invading species, dormancy, mean germination time,
cheatgrass and downy brome.
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33.  Bell, M.A.M. and D. Meidinger.  (1977).  Native species: their use in
reclamation of disturbed lands.  Reclamation of Lands Disturbed by Mining.
Proceedings of the British Columbia Mine Reclamation Symposium.  Technical
and Research Committee, British Columbia Ministry of Mines and Petroleum
Resources and the Mining Association of British Columbia, Victoria.  pp. 143-
158.

Keywords: reclamation, seed collection, and seeding.

34.  Benson, D.A.  (1976).  Stratification of Juniperus scopulorum.  Tree
Planter’s Notes, 17, 2, 11-23.

Stratification of Juniperus scopulorum seed in moist peat at 38-41oF for 5 to 6
months prior to sowing in mid-July improved germination, resulted in more
uniform seedbeds and produced better seedlings with less cull percent.

Keywords: seed germination, shrub, and stratification.

35.  Berg, G. and V. Petherbridge.  (1997).  Stipa richardsonii Seeding/Plug
Trial Findlay Basin Exclosure (Inside).  British Columbia Ministry of Forests,
Invermere Forest District, Invermere.  2 pp.

Stipa richardsonii seed was collected and cleaned in the fall of 1996 by Vince
Petherbridge.  Some of the seed was cleaned once while the remaining portion
was cleaned four times.  The seed was then sent to Diane Gertzen, where it was
subjected to germination testing and then provided to the K & C Silviculture
Skimikin Nursery at Tappen for cultivation in styrofoam blocks.  A pinch of seed
was dropped into each cell to allow for variability in germination.  Germination
capacity was very high so the grass plugs consisted of a minimum of four plants.
The plants were delivered to Invermere Forest District on Friday, May 2, 1997
and were stored in the curling rink under the same conditions as regular tree
planting stock until transplanting.

Four different treatments, each with five replicates, were seeded within the
Findlay Basin exclosure on May 8, 1997.  Plot size was 2m x 1.2m.  The
treatments were as follows:

Treatment 1 – 25 nursery grown plugs planted within the plot area.

Treatment 2 – 15 nursery grown plugs planted within the plot area.
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Treatment 3 – locally collected seed that had been cleaned once seeded at 25
kg/ha.

Treatment 4 – locally collected seed that had been cleaned four times seeded at
25 kg/ha.

The plugs were planted with regular tree planting shovels at roughly equal
distances apart.  The plugs were planted with their crowns level with the soil and
were firmed after planting.  The seeded plots were raked lightly first to disturb the
area, then seeded and raked lightly again.  The trial was not monitored until the
fall.  The following observations were recorded on October 15, 1997:

Treatment 1 – 119 out of 125 plugs survived (95.2%).  It should be noted that
survivorship is based on at least one plug surviving and not on the survival of all
of the seedlings in each plug.  However, typically there was a very high survival
of the individual plants growing in the plugs.

Treatment 2 – 70 out of 75 plugs survived (93.3%).  Similar seedling response as
noted for Treatment 1.

Treatment 3 – No evidence of germination.

Treatment 4 – No evidence of germination.

Keywords: field trial, grass, seed collection, seed germination, and seedling
transplant.

36.  Berg, G., M. Rolston, D. Smith and F. Waterer.  (1997).  Stipa richardsonii
Plug Trial Findlay Basin Exclosure (Outside).  British Columbia Ministry of
Forests, Invermere Forest District, Invermere.  2 pp.

Nursery-grown Stipa richardsonii plugs from seed collected locally were planted
on May 21, 1997 in an area west and adjacent to the Findlay Exclosure.  Six
rows each 40m long were set out in a north – south direction.  The first two rows
were seeded at one 0.5m metre intervals while the remaining four rows were
seeded at 1.0m intervals.  Row 1, was nearest the fence.  The rationale for the
planting strategy was that the plants in the first two rows would shelter the
remaining four rows from the desiccating effects of the prevailing winds.

Row 1 – 80 plugs @ 0.5m spacing Row 4 – 40 plugs @ 0.5m spacing
Row 2 – 80 plugs @ 0.5m spacing Row 5 – 40 plugs @ 0.5m spacing
Row 3 – 40 plugs @ 0.5m spacing Row 6 – 40 plugs @ 0.5m spacing
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The original agreement was to rest this pasture for the 1997 grazing season so
that trampling damage to the trial could be avoided but due to complications,
livestock were allowed to graze the area from June 24 to July 1, 1997.
Survivorship for the transplants was as follows:

Row 1 – 17 plants (21.3%) Row 4 – 15 plants (37.5%)
Row 2 – 31 plants (38.8%) Row 5 – 31 plants (77.5 %)
Row 3 – 27 plants (67.5%) Row 6 – 23 plants (57.5%)

There are numerous reasons why the survival rates were lower outside the
exclosure in comparison to inside the exclosure.  Possible explanations for the
higher mortality are listed below:

� Livestock trampling is the most likely a reason for the higher mortality since all
the stakes were knocked down outside the exclosure and orchard grass in the
area was heavily grazed.

� Planting variability (depth, compaction) may have been a contributing factor as
well.  Most of the crowns of the plugs in row were above the ground, and it will
be interesting to see how well they survive the winter versus the ones that
were sown deeper.

� Seedling viability may have decreased as storage time increased.  The
seedling plugs transplanted outside the exclosure were stored 13 days longer
than the ones sown inside the exclosure.  Some of the plugs were exhibiting
signs of mildew at the base of their stems by the time they were transplanted
and may not have been able to recover.  As well, in many cases, only one
individual survived out of a plug, while the other three or four stems died.

Keywords: field trial, grass, seed collection, seed germination, and seedling
transplant.

37.  Berg, G., D. Smith, M. Gall, D. Adama and R. Walker.  (1999).  Bluebunch
Wheatgrass Trial – CWS Lands.  British Columbia Ministry of Forests, Invermere
Forest District, Invermere.  2 pp.

This was a joint project between BC Parks (Mike Gall), Columbia Basin Trust
(Doug Adama), Kootenay National Park (Rob Walker) and Invermere Forest
District (Gail Berg and Darrell Smith).  All agencies requested some funding in
their 1998 budgets to collect seed and Jim Kusisto at Skimikin Nursery co-
ordinated the actual seeding in the containers.

Bluebunch wheatgrass was hand stripped on the East Side of Columbia Lake on
the Tuesday after the long weekend in August 1998.  The grass stand had been
checked for readiness the week before and seemed close to ripening.  Over the
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long weekend there were strong winds and a lot of the seed dropped, but
adequate supplies remained for collection.  There seemed to be a lot of variation
in the plumpness of the seed and seed productivity.  Two paper lunch bags
loosely filled of seed were collected.

A small seed-cleaning machine called the “Clipper” was shipped to Invermere
from the Agriculture Canada Research Station in Agassiz in the fall of 1998.  The
“Clipper” came with two sets of vibrating screens over which the seed flows and
then ends up in one of three outlets.  Considerable trail and error was necessary
to determine which size of screens to use in this process.  The awns plugged the
screens repeatedly, so to correct this problem, the seed was rolled and
compressed to deawn the seeds.

The results of the seed cleaning process were examined under a dissecting
scope and on a light table to assess seed viability through external features.
Most of the seed cases appeared to be empty, an opinion shared by the staff at
Skimikin Nursery.  However, after several weeks, the seed germinated with
almost 100% germination.

The plugs arrived in Invermere just before the long weekend in May and were
distributed to the four agencies involved.  Individual reports describing methods
of establishment and reports of survivorship are described in the following text.

Findlay Exclosure

Two rows of plugs were planted adjacent to the south end of the already marked
plots within the exclosure.  One row was 0.5m from the corner while the other
was at the 1.5m mark.  Each row consisted of 35 plugs, all marked with blue
paint on a rock adjacent to the plant.  Weather immediately after the planting was
extremely dry for a period of time but the remainder of the summer was cool and
moist.

Seedling survival was checked on September 29, 1999.  Row 1 had 29 plugs
with some green leaves showing while Row 2 had 26 plugs with some green
leaves.

CWS Lands

Bluebunch wheatgrass (Pseudoroegneria spicata) plugs were transplanted on an
old truck trail located on a bench overlooking the Columbia marshes.  Two rows
were positioned in the tire tracks and the other row was in the middle on the
hump of the old road.  Metal stakes painted fluorescent orange were placed at
either end of each row and individual plants were spaced at 1m intervals.  The
first 20 of 33 plants in a row, starting at the north end, were planted in soil that
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had been “chiselled and shaved” (decompacted) in an 8” x 8” x 8” cube.  After
planting, the soil was tamped down.  The rest of the plants in the row were
planted in “pockets” opened with a tree-planting shovel then tamped down.  The
weather was very warm and dry for 7 to 10 days following transplanting but the
rest of the summer was cool and wetter than normal.

On September 29, 1999, the trial was assessed.  All of the stakes had all been
removed, but rows and individual plants were clearly visible due to soil
disturbance.  No plants showed any green leaves, most were withered and
appeared dead.  Seedling survival was to be checked in the spring of 2000.

Wasa Lake Provincial Park

Approximately 200 plugs were received in good condition from the Invermere
Forest District office, on May 20, 1999.  The weather was hot so the plugs were
kept in the shade and watered until transplanting the following week.  Two trial
plots were established.

The first Bluebunch Wheatgrass Plot No.1 (BW1-99 Wasa Block 1) was
positioned on an old reclaimed roadway near the district office.  The growth
substrate consisted of fine gravel covered with a thin layer of humus.  Twenty-
five plugs were planted on May 24, 1999 using a bar to create the opening.
Transplant spacing was 40cm.  The plot was marked with four corner posts; each
plug had a coloured metal pin put in the ground beside it (within 4 cm.).  Three
BC Parks staff completed the planting.

On October 6, 1999, the survival rate was estimated at only 4 % (1/25), although
it was difficult to determine if there was any green on some plants.  Since the
weather at the time of planting was hot and there was very little moisture all
spring and for most of the summer, it is not surprising the survivorship was low.
Of note is the fact that 25 needle grass plugs were planted adjacent to the
bluebunch wheatgrass at the same time and their survival rate was 47%.

The second Bluebunch Wheatgrass Plot No. 2 (BW2-99-Wasa-Block 1) was
located near the intersection of the district access road and Wasa Lake drive.
The site is a natural grassland opening with no bluebunch wheatgrass.  It is
believed that this site was disturbed when the park access road was constructed.
Good organic soil made planting relatively easy. I planted the plugs myself on
May 25, 1999.  Four corner markings were established for future reference and
all 45 plugs had a metal pin placed about 4cm from the plant.  Spacing was
about every 40cm.

An assessment was completed on October 6, 1999, with a 21% (9/45) survival
rate recorded.  Once again, it was difficult to determine if the plant was actually
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dead.  The weather, as noted previously, was very hot and dry throughout the
spring and summer.  However, some plants may survive provided there is
significant moisture over the winter and early spring.

Keywords: field trial, grass, seedling, and transplant.

38.  Bewley, J.D. and M. Black.  (1982).  Physiology and Biochemistry of Seeds
in Relation to Germination.  Volume 2.  Viability, Dormancy, and Environmental
Control.  Springer-Verlag Publishers, New York.  267 pp.

General reference on the physiology of seed dormancy and germination.

Keywords: seed dormancy and germination.

39.  Bewley, J.D. and M. Black.  (1985).  Seeds, Physiology of Development
and Germination.  Plenum Press, New York. 375 pp.

This is a general reference on the physiology of seed dormancy and germination.

Keywords: seed dormancy and germination.

40.  Billings, W.D. and H.A. Mooney.  (1968).  The ecology of arctic and alpine
plants.  Biological Review, 43, 481-529.

Seed storage temperatures of –18oC are more suitable for high-elevation
species.

Keywords: seed storage and seed viability.

41.  Blankenship, J.O. and D.R. Smith.  (1967).  Breaking seed dormancy in
Parry’s clover by acid treatment.  Journal of Range Management, 20, 50.

Keywords: seed dormancy.

42.  Bliss, L.C.  (1958).  Seed germination in arctic and alpine species.  Arctic,
11, 180-188.

Germination tests on seeds collected in the arctic tundra of northern Alaska and
the alpine tundra of southeastern Wyoming indicate that viable seed is produced
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by many species in each region.  Seeds of a greater proportion of alpine than of
arctic species germinated although high percentages of germination were found
in individual species from both tundras.  It is suggested that the arctic and alpine
species that produce seeds that germinate equally well in the light and the dark
are species the seeds of which are subject to being buried, or are species the
seeds of which are not light sensitive.  The species in which germination is
significantly reduced in the dark may be light sensitive.  Length of photoperiod
may also play a role in these differences in germination.  Vegetation propagation
is the most important means of reproduction in many of the species restricted to
shallowly thawed soils in the upland tundra.  The germination data for alpine
species substantiate the field observations that seedlings are quite common
although vegetation propagation is also of great importance.

The species studied that occur in British Columbia and their light and dark (L/D)
germination percentages were Alnus crispa (15.0%/2.3%), Androsace
septentrionalis (100.0%/100.0%), Arctostaphylos alpina (0.0%/0.0%), Arenaria
obtusiloba (100.0%/85.0%), Astragalus alpinus (39.5%/59.0%), Betula nana
(52.0%/38.2%), Cassiope tetragona (52.0%/0.0%), Crepis nana (97.4%/98.5%),
Draba crassifolia (11.1%/0.0%), Dryas integrifolia (67.0%/81.0%), Empetrum
nigrum (0.0%/0.0%), Epilobium latifolium (94.5/91.0%), Eriphorum vaginatum
(22.6%/0.0%), Oxytropis campestris (21.2%/22.3%), Pedicularis capitata
(0.0%/0.0%), Pedicularis lanata (0.0%/0.0%), Petasites frigidus (96.0%/87.0%),
Phleum alpinum (86.6%/89.7%), Poa alpina (85.5%/91.2%), Polemonium
viscosum (2.8%/0.0%), Polygonum bistortoides (19.2%/2.3%), Polygonum
viviparum (4.0%/9.5%), Potentilla diversifolia (10.5%/8.3%), Salix brachycarpa
(27.5%/23.0%), Sibbaldia procumbens (44.0%/43.3%), Silene acaulis
(86.7%/89.7%), Trisetum spicatum (54.3%/77.1%), Vaccinium uliginosum
(0.0%/0.0%), Vaccinium vitis idaea (0.0%/0.0%),

Keywords: forbs, grasses, and seed germination.

43.  Bluhm, W.  (1992).  Basic principles for establishing native grasses.  Hortus
Northwest, 3, 1-3.

Proper soil and seedbed preparation is the key to securing a good stand of
grass.  Unless the basic principles are followed, a seeding of native grasses is
doomed from the start.  The reasons for poor grass seedling establishment are
as follows: (1) insufficient soil moisture during germination and seedling
establishment stages, (2) planting seed too deep, (3) crusted soil surface, and (4)
competition from weeds.

Keywords: seed germination and seedling.
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44.  Bock, J.H. and S.J. Peterson.  (1975).  Reproductive biology of Pulsatilla
patens (Ranunculaceae).  American Midlands Naturalist, 94, 476-478.

Keywords: seed production.

45.  Bonde, E.K.  (1965).  Studies on the germination of seeds of Colorado
alpine plants.  University of Colorado Studies, Series in Biology, No. 14, 1-16.

Seed from 19 native species that growth at or above treeline in the southern
Rocky Mountains was collected by hand in 1963.  The germination rate and
capacity of each species was determined by placing four replicates of 50 seeds
each in a dark germinator at 18oC for 28 days.  Germination capacities for
species that occur in British Columbia were as follows: Androsace septentrionalis
(94.0%), Antennaria alpina (12.0%), Arenaria rubella (62.5%), Campanula
rotundifolia (0.0%), Castilleja occidentalis (0.5%), Cerastium beeringianum
(11.5%), Cirsium hookerianum (3.5%), Claytonia megarhiza (0.5%), Draba aurea
(4.5%), Draba crassifolia (7.0%), Dryas octopetala (18.0%), Epilobium alpinum
(4.0%), Oxyria digyna (76.0%), Pedicularis groenlandica (0.5%), Phacelia sericea
(26.5%), Polemonium viscosum (7.0%), Polygonum bistortoides (16.0%),
Potentilla diversifolia (19.5%), Potentilla fruticosa (58.5%), Saxifraga cernua
(95.0%), Saxifraga flagellaris (0.5%), Saxifraga rhomboidea (89.0%), Sedum
lanceolatum (92.5 %), Sibbaldia procumbens (60.0%), Silene acaulis (27.5%),
and Veronica wormskjoldii (94.0%).

Keywords: forbs, seed collection, seed germination, and shrubs.

46.  Bonde, E.K.  (1965).  Further studies on the germination of seeds of
Colorado alpine plants.  University of Colorado Studies, Series in Biology, No.
18, 1-30.

Keywords: seed germination.

47.  Bonner, F.T.  (1990).  Storage of seeds: potential and limitations for
germplasm conservation.  Forest Ecology and Management, 35, 35-43.

Keywords: seed storage.

48.  Bonner, F.T.  (1996).  Recent developments in seed technology and
obstacles to be overcome.  National Proceedings, Forest and Conservation
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Nursery Associations.  General Technical Report PNW-GTR-389.  United States
Department of Agriculture, Forest Service, Pacific Northwest Research Station,
Portland.  pp. 167-171.

In this article, four developments in tree seed technology are identified: (1) seed
moisture in recalcitrant seeds during storage, (2) precise control of moisture
during stratification, (3) spin-offs from the use of precision seeders, and (4)
declining support for seed research in North America.  Five obstacles to better
seed utilisation for nurseries are also identified as targets for improvements.  The
five obstacles include: (1) storage of recalcitrant seeds, (2) control of moisture
during stratification, (3) complex dormancy of shrubs and minor hardwoods, (40
seed cleaning and conditioning and (5) communication.

Keywords:  seed germination, seed storage, and seed stratification.

49.  Bonner, F.T., B.F. McLemore and J.P. Barnett.  (1974).  Pre-sowing
treatments of seed to speed germination.  Seeds of Woody Plants in the United
States.  (C.S. Schopmeyer, Editor).  Agriculture Handbook No. 450.  United
States Department of Agriculture, Forest Service, Washington D.C.  pp. 127-134.

Keywords: seed dormancy, seed germination and seed pre-treatments.

50.  Booth, R.E. and G.A.F. Hendry.  (1993).  Seed viability and germination.
Methods in Comparative Plant Ecology – A Manual of Laboratory Methods.
(G.A.F. Hendry and J.P. Grimes, Editors).  Chapman and Hall Publishers,
London.  pp. 10-14.

Keywords: seed germination and seed viability.

51.  Borland, J.  (1986).  Seed propagation of Rocky Mountain alpines.  Rocky
Mountain Alpines, Alpines ‘86.  Sponsored by the American Rock Garden
Society and its Rocky Mountain Chapter, and the Denver Botanic Gardens.  (J.
Williams, Editor).  Timber Press, Portland.  pp. 212-220.

The reference provides seed pre-treatment information for several native
species.  The species described include the following: Abies grandis, Abies
lasiocarpa, Acer glabrum, Actaea rubra, Agoseris glauca, Allium cernuum, Alnus
tenuifolia, Amelanchier alnifolia, Androsace chamaejasme, Anemone multifida,
Anemone patens, Antennaria alpina, Antennaria rosea, Antennaria umbrinella,
Arctostaphylos uva ursi, Artemisia frigida, Artemisia tridentata, Astragalus
canadensis, Astragalus crassicarpus, Astragalus drummondii, Balsamorhiza
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sagitta, Campanula rotundifolia, Cassiope tetragona, Ceanothus velutinus,
Chrysothamnus nauseosus, Cornus canadensis, Cornus stolonifera, Corydalis
aurea, Crataegus douglasii, Draba aurea, Draba crassifolia, Draba oligosperma,
Draba paysonii, Eleagnus commutata, Epilobium angustifolium, Erigeron
compositus, Eriogonum flavum, Eriogonum umbellatum, Erythronium
grandiflorum, Gaillardia aristata, Galium boreale, Gaultheria hispidula, Gentiana
affinis, Geranium viscossimum, Geum rossii, Hedysarum boreale, Heuchera
parviflora, Holodiscus discolor, Juniperus communis, Juniperus horizontalis,
Juniperus scopulorum, Kalmia microphylla, Larix lariciana, Larix lyallii, Larix
occidentalis, Lathyrus ochroleucus, Lilium philadelphicum, Linnaea borealis,
Lithospermum ruderale, Mahonia repens, Mimulus guttatus, Mimulus lewisii,
Oxyria digyna, Oxytropis spp., Penstemon confertus, Penstemon fruticosa,
Pentaphylloides floribunda, Phacelia heterophylla, Phacelia sericea, Pinus
albicaulis, Pinus contorta, Pinus flexilus, Pinus monticola, Pinus ponderosa,
Physaria didymocarpa, Picea engelmannii, Picea glauca, Polemonium viscosum,
Potentilla anserina, Potentilla diversifolia, Potentilla fruticosa, Potentilla
glandulosa, Prunus pennsylvanica, Prunus virginiana, Pseudotsuga menziesii,
Purshia tridentata, Rhamnus purshiana, Ribes aureum, Ribes cereum, Ribes
hudsonianum, Ribes lacustre, Ribes montigenum, Ribes viscossimum, Rosa
acicularis, Rosa gymnocarpa, Rosa nutkana, Rubus spectabilis, Salix bebbiana,
Salix discolor, Salix exigua, Salix lasiandra, Salix petiolaris, Salix scouleriana,
Saxifraga rhomboidea, Sedum lanceolatum, Senecio canus, Senecio interrimus,
Shepherdia canadensis, Sibbaldia procumbens, Smilacina racemosa, Spirea
betulifolia, Symphoricarpos albus, Symphoricarpos occidentalis, Taxus brevifolia,
Thalspi alpestre, Thuja plicata, Trifolium dasyphyllum, Trifolium nanum, Trifolium
parryi, Vaccinium caespitosum, and Xerophyllum tenax.

Keywords: forbs, seed dormancy, seed germination, seed pre-treatments, seed
scarification, and shrubs.

52.  Brown, R.W. and M.C. Amacher.  (1999).  Selecting plant species for
ecological restoration: a perspective for land managers.  Revegetation with
Native Species: Proceedings, 1997 Society for Ecological Restoration Annual
Meeting; November 12-15, 1997, Fort Lauderdale, Florida.  Report RMRS-P-8.
(L.K. Holzworth and R.W. Brown, Compilers).  United States Department of
Agriculture, Forest Service, Rocky Mountain Research Station, Ogden.  pp. 1-16.

The authors of this article recommend that land managers adopt a policy of
mandatory use of native plant species for revegetation and restoration of severe
disturbances on wildlands throughout the Interior West.  A review of the relative
advantages and disadvantages of using introduced and native species suggests
that selection criteria based on ecological adaptability and suitability are more
consistent with the objectives of ecosystem management than are criteria based
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on cost, availability, familiarity, or other non-ecological considerations.  The
authors suggest that land managers initiate a policy requiring the collection and
accumulation of native seral species throughout their respective regions and
districts to be used in restoration activities.  Furthermore, the authors suggest
that such a policy will foster closer ties between public land managers and public
research scientists, and will enhance the implementation of science-based land
management.

Keywords: ecological restoration, land management, native species and seed
collection.

53.  Budelsky, R.A. and S.M. Galatowitsch.  (1999).  Effects of moisture,
temperature, and time on seed germination of five wetland Carices: implications
for restoration.  Restoration Ecology, 7, 1, 86-97.

Successful restoration of sedge meadow wetlands is limited by lack of
information regarding reintroduction of sedge (Carex) propagules.  While
restoration from seed is common for prairie restorations, little is known about the
germination characteristics of many wetland plants, including sedges.  We
present the results of a 2.5-year study on seed germination and viability for five
species of Carex common to sedge meadow and prairie pothole wetlands in
temperate North America.  Seed storage and germination conditions were
investigated to determine the optimum combination for maintaining seed viability
and stimulating germination rates over time.  Seeds were germinated under
seven different temperature and three moisture regimes after storage for 4, 10
and 14 months under one of four different storage regimes (dry-warm, dry-cold,
moist-cold, and wet-cold).  The efficacy of short-term wet-cold stratification to
stimulate germination of 2.5-year-old seed after long-term dry storage was also
investigated.  Carex stricta, Carex comosa, and Carex lacustris showed the
greatest germination response after wet-cold or moist-cold storage, while Carex
lasiocarpa and Carex rostrata showed similar rates of germination after either
wet-cold or dry-warm storage.  Wet-cold long-term storage was associated with a
high level of viability in all five species after 2.5 years.  Viability and germination
rates were reduced in Carex stricta, Carex comosa, and Carex lasiocarpa after
long-term dry-cold storage.  Germination rates of seeds stored dry for 2.5 years
are not improved by short-term wet-cold treatment in any species tested.  Carex
seeds should be stored under wet-cold conditions to maintain seed viability over
time, thus increasing the likelihood of seeding success for sedge meadow
restoration.

Keywords: sedge, seed germination, seed storage and seed viability.
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54.  Burton, P.J. and C.M. Burton.  (1998).  Making native plant seed available
for mainstream land management.  Menziesia, 3, 1, 8-10.

Over 900 accessions of more than 35 species were collected over a two year
period.  Some species were excluded because of poor germination, cleaning
difficulties or “weedy” behaviour.  Up to 22 biogeoclimatic subzones and 12 forest
districts were represented in some species.  The objective was to obtain
accessions from at least 30 subzone X district combinations for each species.

Seeds were dried at room temperature, cleaned manually and tested for
germination capacity.  Most plants were propagated in peat-filled styroblocks in a
greenhouse before outplanting into seed increase plots.  Over 20,000 plants of
26 species were planted in 28 cultivated seed increase plots in 1996 and 1997.
Each plot was planted with single-species seeds or seedlings in a computer-
generated planting pattern designed to maximise genetic diversity and optimise
outcrossing.  Several kilograms of arctic lupine (Lupinus arcticus), bronze sedge
(Carex aenea), blue wildrye (Elymus glaucus), and common yarrow (Achillea
millefolium) were harvested.  Five field plots were established in 1997 on lands
damaged by logging at three locations in north-central British Columbia with the
objective of evaluating seeding procedures.

Keywords: field trial, seed collection, seed germination, and seed production.

55.  Burton, P.J. and C.M. Burton.  (2001).  Development and Testing of Native
Grasses and Legumes for Seeding in the Northern B.C. Interior: Final Report.
Symbios Research and Restoration, Smithers.  37 pp.

This report represents the culmination of 5 years of research funded by the
British Columbia Science Council.  The study focused on seed production and
use by several dozen herbaceous species native to the Northern Interior of
British Columbia.

In northern British Columbia, large areas of land degraded by logging, mining,
road construction and other industrial activities are revegetated currently with
domesticated grass and legume species of European origin.  While these
species can ‘green up’ and stabilise an area after disturbance, they frequently
grow so aggressively that succession to native species is delayed or prevented.
Reintroducing native plants to degraded lands is thus an integral component of
ecosystem restoration.

A five-year research project embarked on a program to collect, screen and
cultivate native grasses, sedges, legumes and other forbs in a manner that would
maintain their genetic integrity and make seed available at reasonable prices.
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The seed produced as a result of this project, once increased to commercial
quantities, will enhance Forest Renewal BC’s priority to rebuild and protect
healthy streams, decommission logging roads and landings, and restore
degraded terrestrial ecosystems so that they can once again support multiple
resource values.  The use of native seed for such activities represents a basic
premise of ecological restoration and supports Forest Practices Code biodiversity
guidelines for the designation of a range of biodiversity emphasis options.

We collected over 1,000 accessions from more than 40 plant species for
evaluation.  Seeds were tested in several years of laboratory germination assays,
propagated in a greenhouse and installed in seed-increase plots.  Borrowing
from tree seed orchard design, seed-increase plots were established at two
locations near Smithers, B.C., to produce easily-harvested seed with broad
genetic diversity.  This multi-lineal seed is adapted to most locations between 52o

and 60oN and between the Coast Mountains and the Rocky Mountains.  It can be
used to establish larger seed production fields or directly for revegetation.  This
approach is a promising compromise between the use of locally collected native
seeds and revegetation with cosmopolitan exotics.

Research based on wild- and plot-grown seed and the plants it produced has
documented germination and growth requirements, seed yields and
establishment success.  Genetic diversity (as expressed through morphometric
characters and allozyme variability) in Elymus glaucus was studied as part of a
M.Sc. thesis.  Field trials at 20 operational revegetation sites across northern
B.C. were used to compare native species with agronomic species, different
seed densities, different combinations of species, season of sowing, the use of
mulches, fertiliser and other treatments.  We concluded that some native species
can be just as successful as the agronomic species currently used for roadside
seeding.  Another component of these field trials (which is being written up as
another M.Sc. thesis) identified optimal densities of seed and fertiliser to achieve
plant cover goals at minimal cost: we recommend application of our most
promising 6-species mixture at rates of 2,000 pure live seeds (PLS) per m2 along
with approximately 300 kg/ha (30 g/m2) of 18-18-18 fertiliser.

Keywords: field trial, seed collection and seed germination.

56.  Burton, P.  (2000).  Symbios website.  Ecological Restoration, 18, 1, 71.

This website highlights the work of Symbios Research and Restoration, a seven-
person consulting firm located in Smithers, British Columbia.  It provides
information about their completed and ongoing work, much of which has to do
with issues of forestry and conservation, including research designed to develop
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a source of commercially available seed for use in restorations in the northern
interior of British Columbia.

Keywords: field trial and seed production.

57.  Carlson, C.E.  (1993).  Germination and early growth of western larch (Larix
occidentalis), alpine larch (Larix lyallii), and their reciprocal hybrids.  Canadian
Journal of Forest Restoration, 24, 911-916.

Reciprocal cross-pollinations between western larch (Larix occidentalis Nutt.) and
alpine larch (L. lyallii Parl.) were done in the Spring of 1991.  The cross to alpine
larch females was highly successful; 63% of the seeds developed mature
embryos and 79% germinated.  However, the cross to western larch females
resulted in only 4% filled seed of which 68% germinated.  Open-pollinated
western larch and alpine larch averaged 26 and 32% filled seed with 48 and 44%
germination, respectively.  Less than 1% of the alpine larch hypocotyls were
reddish in colour; most of them were green.  About 15% of the western larch and
about 17% of the hybrids from alpine larch females had reddish hypocotyls,
whereas hybrids from western larch females were intermediate between western
larch and alpine larch.  Hybrid seed began germinating before the parental types
and initial height growth exceeded that of the hybrids and 10 times taller than
alpine larch.  Stems of hybrids were significantly thicker than those of either
western larch of alpine larch.  Hybrid seedlings are robust, stocky and may be
useful in revegetating cold, moist sites between the elevational ranges of alpine
and western larch.

Keywords: field trial, seed germination, and tree.

58.  Cavers, P.B. and J.L. Harper.  (1966).  Germination and polymorphism in
Rumex crispus and Rumex obtusifolius.  Journal of Ecology, 54, 367-382.

Keywords:  seed germination, Rumex crispus and Rumex obtusifolius.

59.  Chambers, J.C.  (1989).  Seed viability of alpine species: variability within
and among years.  Journal of Range Management, 42, 4, 304-308.

Percent of seeds filled for alpine grasses and seed viability and longevity for
alpine grasses and forbs with different life history and physiological traits were
evaluated for seeds collected in 1983, 1984, 1985 and 1986 on the Beartooth
Plateau, Montana.  Significant (p<0.001) differences existed in the percent of
seeds filled for grass species and in the seed viability of both grass and forb
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species among years.  The high variability in seed viability among years is
attributed to the severe and unpredictable nature of the environment.  Seed
viability differed among species within most years.  In general, grass species had
lower and more variable seed viability than forb species.  Low seed viability years
for the grass species coincided with low seed fill years, indicating poor seed
development.  Longevity of seeds collected in 1983 varied among species and
was related to seed characteristics and the overall life history and physiological
traits of individual species.  Seed longevity of species with life history and
physiological traits typical of late seral species was shorter than that of species
with traits typical of early seral species.

Keywords: alpine ecosystem, seed viability, seed longevity and percent filled
seeds.

60.  Chambers, J.C., MacMahon, J.A. and R.W. Brown.  (1987).  Germination
characteristics of alpine grasses and forbs: a comparison of early and late seral
dominants with reclamation potential.  Reclamation and Revegetation Research,
6, 235-249.

The authors examined germination responses of alpine species with different
successional status (early vs. late seral dominants) and life forms (forb vs. grass)
to light or dark conditions and dry or wet cold storage (stratification).  The species
studied included three late seral dominant forbs (Geum rossii, Artemisia
scopulorum and Polemonium viscosum), two early seral dominant forbs
(Sibbaldia procumbens and Potentilla diversifolia), one late seral dominant grass
(Festuca idahoensis) and two early seral dominant grasses (Calamagrostis
purpurascens and Deschampia cespitosa).  No statistical differences were
observed in the seed germination of early and late seral dominant forbs or early
and late seral dominant grasses, but significant differences were observed in the
responses of grasses and forbs.  In general, seed germination of forb species
was greater under light than dark conditions and following wet cold storage.  The
grass species had less specific seed germination requirements than the forbs.
This study showed that to obtain maximum germination, seeds of the forb
species should be sown near the soil surface in autumn.  In contrast, adequate
germination of the grass species could be obtained from either surface sowing or
drilling in autumn.

Keywords: alpine ecosystems, reclamation seed germination, and succession.

61.  Chambers, J.C.  (1989).  Seed viability of alpine species: variability within
and among years.  Journal of Range Management, 42, 4, 304-308.
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Species with characteristics typical of early seral dominants appear to have
longer-lived seeds than species typical of late seral dominants.  Storage
conditions that maximise longevity of crop seeds, i.e., temperatures that range
between 1 to 5oC and seed moisture contents of 5 to 14% may be sub-optimal
for seed collected from high elevation species.  Storage temperatures of –18oC
are more suitable for high elevation species.

Keywords: seed storage and seed viability.

62.  Chambers, J.C., R.W. Brown and R.S. Johnston.  (1987).  A comparison
of soil and vegetation properties of seeded and naturally revegetated pyritic
alpine mine spoil and reference areas.  Landscape and Urban Planning, 14, 507-
519.

Seeds should be stored in dry, porous containers such as paper or cloth bags
and kept in a cool dry environment maintained at temperatures near 0oC.

Keywords: field trial, seed storage, and seed longevity.

63.  Choudhuri, G.N.  (1968).  Effect of soil salinity on germination and survival
of some steppe plants in Washington.  Ecology, 49, 3, 465-471.

Keywords: seed germination.

64.  Chu, C., R.D. Sweet and J.L. Ozbun.  (1978).  Some germination
characteristics in common lambsquarters (Chenopodium album).  Weed Science,
26, 255-258.

Keywords: seed germination.

65.  Clebsch, E.E.C. and W.H. Billings.  (1976).  Seed germination and vivipary
from a latitudinal series of populations of the arctic-alpine grass Trisetum
spicatum.  Arctic and Alpine Research 8, 255-262.

Keywords:  seed germination.

66.  Colbry, V.L.  (1953).  Factors affecting the germination of reed canary
grass.  Proceedings of the Association of Official Seed Analysts, 43, 50-56.
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Keywords:  seed germination.

67.  Conrad, P.W. and W.T. McDonough.  (1972).  Growth and reproduction of
red elderberry on subalpine rangeland in Utah.  Northwest Science, 46, 2, 140-
148.

Keywords: seed production and elderberry.

68.  Clebsch, E.E.C. and W.D. Bliss.  (1976).  Seed germination and vivipary
from a latitudinal series of populations of the arctic-alpine grass Trisetum
spicatum.  Arctic and Alpine Research, 8, 255-262.

Two of the most critical aspects of tundra plant life are the process of germination
and the period of establishment.  In this study, seed germination and vivipary of
Trisetum spicatum were related to temperature, light and soil factors.  For this
purpose seed was used form various locations in North America with latitudes
ranging from 41oN (Wyoming) to 70oN (Alaska) plus two locations in the Old Man
Range of New Zealand (45oS).

It was found that seed from populations of lower latitudes reached maximum
germination more slowly but at higher temperatures than seeds from higher
latitudes.  Germination in high latitude populations was found to be light
stimulated while low latitude populations was found to be light stimulated while
low latitude populations are dark-stimulated regardless of the thermal regime.
Replication of arctic and alpine conditions indicated that germination was much
slower for these conditions also.

A favourable temperature for the germination of seeds of most populations was
20oC.  Most northerly populations germinated first at 20oC.  For two locations
from Highwood Pass, Alberta, one alpine and one subalpine, the alpine seeds
started growth at 20oC on the fourth day while the subalpine seed started growth
at 30oC on the third day.  Seed germination in each of these populations was
adapted to the temperature environment of the population’s elevation.

Vivipary, the development of vegetative shoots among the reproductive organs of
grasses, was common during the greenhouse and controlled-chamber tests with
Trisetum populations but is not known from native populations.  The factors
causing vivipary have not been isolated.

There is also evidence of ecotypic differentiation among the various populations
in germination responses to temperature and light and in the development of
viviparous plantlets under controlled conditions.  Germination in continuous light
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is higher for the various seed locations than germination in continuous darkness
for the northern populations.

Keywords: ecotype, grass, and seed germination.

69.  Clements, C.D. and J.A. Young.  (2000).  Antelope bitterbrush seedling
transplant survival.  Rangeland, 22, 1, 15-17.

Purshia tridentata stands were determined to be declining in vigour and density.
Therefore, a number of treatments were developed to enhance the communities.
The treatments included direct seeding, fertilising to increase seed production
and pruning of existing plants to increase vigour.  Direct seeding of Purshia
tridentata has high risks of failure due to poor seed quality, predation of seed and
seedlings, and competition for moisture by Bromus tectorum.  A total of 600
seedlings were transplanted inside and outside an existing big game exclosure.
The treatments were (1) control, (2) tillage with a rototiller, (3) application of
herbicide sethoxydium for selective grass control and inoculation of transplants
with soil inoculum from Purshia tridentata plants in the area.

After two years, no significant differences in Purshia tridentata seedling survival
were recorded.  Seedlings protected by the big game exclosure had higher
survivorship than those transplanted outside.  None of the seedlings transplanted
in the control out side the exclosure survived compared to 6% survival inside the
exclosure.  Inoculating, tilling and herbicide spraying all increased seedling
survivorship significantly.  Mortality of transplants occurred largely within the first
six months following establishment.

Keywords: field trial, seed collection, seedling, and transplant.

70.  Copeland, L.O. and M.B. McDonald.  (1985).  Principles of Seed Science
and Technology.  Second Edition.  Burgess Publishing Company, Minneapolis.
336 pp. [p]

Water content of seeds and storage temperatures are important determinants of
the longevity of seeds in storage.

Keywords: seed storage and seed viability.

71.  Copeland, L.O. and M.B. McDonald.  (1999).  Principles of Seed Science
and Technology.  Third Edition.  Kluwer Academic Press, Dordrecht.  409 pp.
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A textbook that contains extensive information that describes seed collection,
processing, storage, viability and germination on a wide variety of species.

Keywords: seed collection, seed processing, seed storage, seed viability, and
seed germination.

72.  Costanza, B.  (1983).  Light and Temperature Requirements for
Germination of Rubus parviflorus Nutt. and Shepherdia canadensis (L.) Nutt.
M.Sc. Thesis, Biology Department, University of Victoria, Victoria.  53 pp.

High seed germination capacities and rapid seed germination is important
information for nursery stock production.  Seeds of two candidate reclamation
native shrub species were investigated to determine the optimum light and
temperature conditions for germination.  The seeds were treated under light/dark
conditions at constant temperatures of 8oC, 15oC and 22oC and at alternating
temperatures 5/15oC and 10/20oC.  Light conditions were found to increase the
number of seeds germinated over those left in the dark at these temperature
treatments.  An alternating temperature of 5/15oC was determined to be the best
temperature for the germination of thimbleberry (Rubus parviflorus Nutt.) and
soapberry (Shepherdia canadensis L. Nutt.) seeds, as well as an 8oC treatment
in the light for the latter species.  A cold period in the dark of 90 days at 3oC
followed by three months at 22oC was the best period for cold stratification for
both species.  For thimbleberry, warm stratification in the light at 22oC for 10 or
30 days followed by one month at 3oC and 22oC was also effective in breaking
dormancy.  Seeds were collected and processed by hand.

Keywords: seed collection seed germination, seed pre-treatment, and shrub.

73.  Cregg, B., S. Lee, T. Hovland, C. Fleege and J. Gleason.  (1994).
Propagation of Juniperus for conservation planting.  National Proceedings,
Forest and Conservation Nursery Associations.  (T.D. Landis and R.K. Dumrose,
Technical Co-ordinators).  United States Department of Agriculture, Forest
Service, Rocky Mountain Forest and Range Experiment Station, Fort Collins.  pp.
274-278.

Current nursery practices in the Great Plains often fail to produce acceptable
crops of Rocky Mountain juniper and eastern red cedar.  Research and
anecdotal evidence from other regions of the country have suggested
alternatives to the current practice of fall sowing seed and covering the beds with
clear plastic and shade-frames.  Seed germination was compared under several
alternatives to the conventional clear plastic treatment.  Seed germination among
five seed sources of Rocky Mountain juniper and one source of eastern red
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cedar was compared as well.  A field trial was established in a split-plot
experimental design with three replications.  The seedbed treatment was main
plot effect and seed source was the subplot effect.  In general, the clear plastic
resulted in the highest rates of seed germination.  Seed germination was higher
for eastern red cedar than for any of the Rocky Mountain juniper sources.  The
increased germination under the clear plastic appears to be related to better heat
and moisture retention under the plastic than the alternative treatments.

Keywords: seedbed and seed germination.

74.  Curtis, J.D.  (1952).  Effect of pre-germination treatments on the viability of
Ceanothus seed.  Ecology 33(4), 577-578.

Keywords: seed germination and Ceanothus.

75.  Daniel, T.W. and J. Schmidt.  (1972).  Lethal and non-lethal effects of the
organic horizons of forested soils on the germination of seeds from several
associated conifer species of the Rocky Mountains.  Canadian Journal of Forest
Research, 2 179-184.

The study tests whether the lethal effect of over-wintering Engelmann spruce
seed in its O-horizon affects Douglas-fir, lodgepole pine and subalpine fir seeds
and whether the O-horizons of the three associated species have the same lethal
effect on seeds.  All seed treatments of each species were stratified in petri
dishes in the pure O-horizon (unsterilized and autoclaved) of each species.
Seed treatments were untreated, 10% slurry of 50% Captan and powdered 75%
Captan.

All untreated seeds demonstrated lethal quality of unsterilized Engelmann spruce
O-horizon.  Its effects on untreated seeds and powder treated seeds were as
follows: Engelmann spruce seed 3.5 and 77.3% (germination of untreated and
powdered respectively), subalpine fir seed 1.3 and 20.8, Douglas-fir seed 9.5 and
84.8 and lodgepole pine seed 11.9 and 85.7.  Subalpine fir O-horizon was lethal
to its own seeds but only moderately harmful to seeds of other species.
Douglas-fir O-horizon had a significant adverse effect on its own seeds and was
only moderately harmful to seeds of other species.  Lodgepole pine O-horizon
was almost neutral to all seeds.  Autoclaving of the O-horizons and powder
treatment of seeds produced similar results.

Keywords: seed germination.
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76.  Danielson, H.R. and Y. Tanaka.  (1978).  Drying and storing stratified
ponderosa pine and Douglas fir seeds.  Forest Science, 8, 386-396.

Keywords: seed germination and seed pre-treatments.

77.  Darris, D.C., S.M. Lamberta and W.C. Young. III.  (1996).  Seed
Production of Blue Wildrye.  Plant Materials Technical Note No. 17.  United
States Department of Agriculture, Natural Resources Conservation Service,
Portland.  5 pp.

Seed of Elymus innovatus was harvested by hand.  Germination was tested
under controlled conditions.  Germination was usually rapid and typically
occurred within six to ten days.

Keywords: grass, seed collection, and seed germination.

78.  Darroch, B.A.  (1993).  CO1.  Native Grasses for Land Reclamation in the
East Slopes - Interim Progress Report for 1992-93.  Prepared for the
Reclamation Research Technical Advisory Committee, Canadian Parks Service
and the Agricultural Research Institute by Vegetation Branch, Alberta
Environmental Centre, Vegreville.  43 pp.

Keywords: grass, seed collection, and seed germination.

79.  Darroch, B.A.  (1994).  Native grasses for reclamation.  Reclamation
Newsletter, 17, 2, 3.

Keywords: grass, seed collection, and seed germination.

80.  Delouche, J.C. and L.N. Bass.  (1954).  Effect of light and darkness upon
the germination of seeds of western wheatgrass, Agropyron smithii L.
Proceedings of the Association of Official Seed Analysts, 44, 104-113.

Keywords: seed germination and Agropyron smithii L.

81.  DenHeyer, J. and N. Seymour.  (1978).  Aspen and balsam poplar seed
collection and storage.  Tree Planters’ Notes, 29, 2, 35.
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Propagation of Populus balsamifera and Populus tremuloides by seed was
studied.  Catkins of both species were collected just as they were beginning to
dehisce.  The catkins were then placed in ventilated boxes so the seed could
escape.  After drying, the fluff was placed on a tray with a mesh bottom (30 x 30
mesh, steel wire cloth 0.014 diameter wire).  Another tray was placed over this
tray and compressed air was blown through from above.  The seed was forced
through the mesh and collected under the bottom tray on a plastic sheet.  After
collection, the seed was placed in vials.  The vials were then placed in jars
containing some DrieriteTM.  The vials were left open and the jar was sealed.
Keeping the seed as dry as possible is critical.  The seed must be collected,
dried and cleaned and placed into storage as quickly as possible.

Keywords: seed collection, seed processing, and seed storage.

82.  Densmore, R. and J.C. Zasada.  (1977).  Germination requirements of
Alaskan Rosa acicularis.  Canadian Field-Naturalist, 91, 1, 58-62.

Germination requirements of Alaskan seeds of Rosa acicularis, a common shrub
in the boreal zone of Asia and North America, were determined from laboratory
experiments and observations of germination under outdoor conditions.
Germination was rapid and complete at temperatures of 5oC and 20oC after 2
months of warm stratification and 3 months of cold stratification.  Cold
stratification alone or with a pre-treatment of concentrated H2SO4, resulted in
slow and incomplete germination.  Laboratory and outdoor experiments indicated
that most Rosa acicularis seeds take 2 years to germinate.  Seeds develop and
mature the first growing season, warm stratify the next growing season, cold
stratify the following winter, and germinate in the spring shortly after snowmelt.
Suggestions are made as to the overall reproductive strategy of Rosa acicularis
and the role of its germination requirements.

Keywords: seed germination, scarification, and stratification.

83.  Densmore, R. and J. Zasada.  (1983).  Seed dispersal and dormancy
patterns in northern willows: ecological and evolutionary significance.  Canadian
Journal of Botany, 61, 3207-3216.

Seeds of the 24 common Salix species of the Alaskan boreal forest and tundra
were set to germinate in laboratory and field experiments, and seed dispersal
times were observed.  During the growing season, 16 species disperse short-
lived, non-dormant seeds.  At the end of the growing season, eight other species,
all tundra willows disperse conditionally dormant seeds.  These fall-dispersed
seeds are fully developed in the same length of time as summer-dispersed
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seeds, but they develop dormancy while fall-dispersed seeds are fully developed
in the same length of time as summer-dispersed seeds, but they develop
dormancy while being held on the plant until the leaves senesce.  At the time of
dispersal, some seeds are capable of germinating at high temperatures, but no
seeds can germinate at the low soil temperatures occurring then.  Cold
stratification gradually widens the range of temperatures at which seeds can
germinate, and seeds germinate at low soil temperatures in the spring shortly
after snowmelt.  Salix species dispersing dormant seeds during the fall appear to
have evolved, as an adaptation to short growing seasons in cold climates, from
taxa dispersing non-dormant seeds during the summer.

Keywords: field trial, seed dispersal, seed dormancy, seed germination, and
shrub.

84.  Densmore, R.V., L. Dalle-Molle and K.E. Holmes.  (1989).  Restoration of
alpine and subalpine plant communities in Denali National Park and Preserve,
Alaska, U.S.A. 1989 Annual Conference of the Society for Ecological
Restoration.  (H.G. Hughes and T.M. Bonnicksen, Editors).  Society for
Ecological Restoration, Madison.  pp. 509-519.

Seeds of Astragalus eucosmus, Lupinus arcticus, Oxytropis campestris, and
Oxytropis deflexa germinated required seed scarification in a drum scarifier or
treatment with concentrated sulphuric acid in order to break seed coat dormancy.
Hedysarum alpinum germinated best after 60 days of cold stratification.

Keywords: seed germination and seed scarification.

85.  Dobbs, R.C., D.G.W. Edwards, J. Konishi and D. Wallinger.  (1976).
Guideline to Collecting Cones of British Columbia Conifers.  British Columbia
Forest Service and Canadian Forestry Service Joint Report No. 3. .  British
Columbia Forest Service and Canadian Forestry Service, Victoria.  98 pp.

This is a manual that describes conifer cone collection practices.  The purpose of
the publication when written was to describe conifer cone collection practices and
issues.

Keywords: cone crop forecasting, cone collecting and cone handling.

86.  Doescher, P., R. Miller and A. Winward.  (1985).  Effects of moisture and
temperature on germination of Idaho fescue.  Journal of Range Management, 38,
4, 317-320.
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Germination response to varying temperatures and water stress levels during a
30-day incubation period was observed in 4 eastern Oregon collections of
Festuca idahoensis Elmer.  Seeds were selected from the following habitat types:
(1) Artemisia tridentata / Festuca idahoensis (ARTRV/FEID) and (2) Pinus
ponderosa / Festuca idahoensis (PIPO/FEID).  One stand of each habitat type
was sampled, except for the ARTRV/FEID habitat type where seed was selected
from both a high and low elevation plant community.  The low elevation stand
was designated ARTRV”l”/FEID.  Incubation temperature treatments were held
constant (+/-2C) and ranged in 5oC increments from 5oC to 35oC.  At 15, 20, and
25oC, water stresses of 0.0 MPa, -0.6 MPa, and –0.9 MPa were depressed using
polyethylene glycol 6000.  Collectively, maximum total germination for all
collections occurred between 10oC and below 30oC.  Germination percentages
for seeds from ARTRW/FEID, ARTRV/FEID and PIPO/FEID habitat types at
10oC were 93.0, 97.0, 91.9, and 88.8%, respectively.  Maximum germination
rates for all collections occurred between 20-25oC.  As water stress decreased
and temperature increased, both germination amount and rate for the 4
collections declined.  Seeds of Idaho fescue collected from sagebrush habitat
types maintained higher germination amounts and faster germination rates over
wider temperature and moisture stress regime than did seeds selected from the
PIPO/FEID site.

Keywords: grass and seed germination.

87.  Doucette, K.M., K. M. Wittenberg and W.P. McCaughey.  (2001).  Seed
recovery and germination of reseeded species fed to cattle.  Journal of Range
Management, 54, 5, 575-581.

Cattle have the potential to act as a low cost alternative for seed dissemination of
valuable native species.  Data collected from this trial was used to compare seed
recovery, rate of passage and viability following ingestion and excretion of 7 plant
species.  Woods rose (Rosa woodsii Lindl.), snowberry (Symphoricarpos albus
L.), purple prairie clover (Petalostemom purpureum Vent.), birdsfoot trefoil (Lotus
corniculatus L.), western wheatgrass (Pascopyrom smithii Rydb A. Love, formerly
known as Agropyron smithii Rydb.), green needlegrass (Nassella viridula Trin.),
and yellow coneflower (Ratibida columnifera Nutt.) seed was used in the study.
Two steers were fed a seed-free diet consisting of fresh cut vegetative Kentucky
bluegrass (Poa pratensis L.) alfalfa (Medicago sativa L.) forage.  Following a 13-
day adjustment period to the diet, steers were fed a single dose of a known
number of seeds, and total feces collection was conducted for 168 hours post
dosing.  Fecal sub-samples were subjected to a stacked screen washing
procedure for seed recovery and analysis.  Seeds from both pre- and post-
ingestion were tested for hard seededness, firm ungerminated seed, and
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germination.  Seed recovery varied between seed types, ranging from 5.9% of
total ingested seed for western wheatgrass, to 86.3% for Woods rose.  Excretion
patterns for ingested seed varied between seed types, with 50% of excreted
seed being recovered between 30-54 hours post-dosing.  Seed ingestion and
passage through the digestive tract reduced viability.  Cattle dissemination of
viable seeds (as a % of ingested) such as Woods rose (77.4) and snowberry
(69.3), would be a feasible method of delivering large numbers of viable seeds
onto selected areas.  Dissemination of birdsfoot trefoil (17.5), green needlegrass
(11.9), and purple prairie clover (7.2), yellow coneflower (3.8), and western
wheatgrass (1.3), using cattle would be less efficient, implementation should be
based on seed access and cost.

Keywords: seed dispersal, cattle digestion, passage, dissemination, and seed
survival.

88.  Drake, D., K. Ewing and P. Dunn.  (1998).  Techniques to promote
germination of seed from Puget Sound prairies.  Restoration and Management
Notes, 16, 1, 33-39.

In this article, researchers studied the germination of 32 native herbaceous
species (30 forbs and two grasses) of the Fort Lewis prairies.  Nature
Conservancy volunteers collected seed from 16 sites during the fall of 1995.
Volunteers collected as few as 30 and as many as 20,000 seeds of each
species, depending on the abundance and productivity of the species.  After
collection, seeds were stored in paper bags at room temperature for two to six
months (considered the after-ripening period).  After the storage period, seeds
were subjected to six germination testaments.  A full factorial design consisting of
two germination temperature conditions (warm and cool) and three stratification
treatments (no stratification, 6 weeks and 12 weeks of cold-moist stratification)
each treatment consisted of three replicates of 100 seeds each.

Only species that occur in British Columbia are described in the following text.

Twenty-five of the 32 species tested germinated successfully, i.e., percentages
were greater than 2 percent, in at least one experimental treatment.  A variety of
dormancy-breaking strategies are apparent based on the germination responses
observed.  Stratification increased germination for all but Cerastium arvense and
Antennaria neglecta.  Species such as Delphinium pulchellum, Saxifraga
integrifolia and Zigadenus venenosus had higher germination percentages at
cooler temperatures while species such as Cerastium arvense had higher
germination percentages at higher temperatures.  No stratification and warm
germination temperatures were most beneficial for Cerastium arvense (82.7%)
and Prunella vulgaris (16.7%) while germination was equal across treatments for
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Antennaria neglecta (9.7%).  A six-week stratification regime was most beneficial
for Aster curtus (8.7%), Erigeron speciosus (36.0%), Potentilla gracilis (52.0%),
Ranunculus occidentalis (52.0%), and Solidago spathulata (12.3%).  A 12 week
stratification regime was most beneficial for Campanula rotundifolia (80.0%)
while interaction effects (stratification and temperature) were observed for
Apocynum androsaemifolium (2.0%), Delphinum nuttallii (3.3%), Dodecatheon
hendersonii (59.0%), Dodecatheon pulchellum (44.0%), Saxifraga integrifolia
(25.3%) and Zigadenus venenosus (72.3%).  Panicum occidentale, Sisyrinchium
angustifolium and Viola adunca did not germinate under any experimental
treatment.

Keywords: seed collection, seed germination, and seed stratification.

89.  Ducks Unlimited Canada.  (1995).  Revegetating with Native Grasses.
Native Plant Materials Committee, Stonewall.  133 pp.

This manual describes practices and techniques for the revegetation of extensive
areas of former cropland in an attempt to approximate the species composition of
natural communities using the most common species of native plants.  The
manual contains information on native grass cultivars, native plant materials
descriptions and seeding practices.

Keywords: revegetation and seeding.

90.  Ducks Unlimited Canada, USDA – Natural Resources Conservation
Service, University of Manitoba, and Manitoba Forage Seed Association.
Native Grass Seed Production Manual.  CRLA Reclamation Newsletter,
Spring/Summer, 20,1, 2000.

This manual provides grass seed production knowledge for current and potential
seed producers and was written in response to increasing demand for native
grasses in the face of limited supply.  Addressed are the topics of planting rates,
row spacing, fertiliser recommendations, harvest equipment, seed cleaning and
storage and pot-harvest field management.  Information is pertinent to the
Northern Great Plains.

Keywords: seed collection and seed production.

91.  Duke, S.O., G.H. Egley and B.J. Reger.  (1977).  Variable light sensitivity
and hydration in Rumex crispus L. seeds.  Plant Physiology, 59, 34.
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Keywords: seed germination.

92.  Dunne, R.  (1999).  Common difficulties encountered in collecting native
seed.  Revegetation with Native Species: Proceedings, 1997 Society for
Ecological Restoration Annual Meeting; November 12-15, 1997, Fort Lauderdale,
Florida.  (L.K. Holzworth and R.W. Brown, Compilers).  Report RMRS-P-8.
United States Department of Agriculture, Forest Service, Rocky Mountain
Research Station, Ogden.  pp. 28-29.

The increased demand for native seed has surpassed our ability to provide high
quality range-collected seed.  This paper discusses some of the hazards and
common mistakes associated with the collection of wildland native seed.  Among
the common difficulties in collecting native seed are the following: (1) native
species do not produce seed often in the arid West, (2) there is a scarcity of large
homogenous accessible stands of native plants, (3) a widespread occurrence of
noxious weeds lowers the percentage of seed purity, and (4) fire has reduced the
availability of native shrubs.  Environmental factors that may be hazardous to
native seed collection include late frosts, hail, competitive grazing, and wind.
Collection practices that can improve chances of success include: (1)
management of moisture content of collected seed, (2) proper bagging of seed
and protection from the elements, and (3) proper seed cleaning with minimal
damage.

Keywords: seed cleaning, seed collection, seed purity, and seed storage.

93.  Dwyer, D.D. and W Wolde-Yohannis.  (1972).  Germination, emergence,
water use and production of Russian thistle (Salsola kali L.).  Agronomy Journal,
64, 52-55.

Keywords: seed germination.

94.  Edwards, D.G.W.  (1980).  Maturity and quality of tree seeds – a state-of-
the-art review.  Seed Science and Technology, 8, 625-657.

Keywords: seed germination.

95.  Edwards, D.G.W.  (1981).  Cone collection and processing – effects of seed
quality and yield.  High-quality Collection and Production of Conifer Seed.
Proceedings of a Workshop held November 14, 1979, in Edmonton, Alberta.
(R.F. Huber, Compiler).  Information Report NOR-X-325.  Environment Canada,
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Canadian Forest Service, Northern Forestry Research Centre, Edmonton.  pp.
12-37.

The article provides a review of the general principles of cone collection and
cone and seed processing and the impacts of which these processes affect seed
quality and seed yields.  Emphasis is placed on cone and seed maturity and the
consequences of early collections.  The objectives of each component stage in
the processing system, beginning with care and handling before the cones reach
the processing plant and culminating with preparing seed for sowing are
described.  As well, the potential causes of poor seed quality are outlined.  The
review is illustrated with examples of processing methods and equipment used in
British Columbia.

Keywords: seed collection and seed processing.

96.  Edwards, D.G.W.  (1986).  Special prechilling techniques for tree seeds.
Journal of Seed Technology, 10, 2, 151-171.

Keywords: seed germination, seed pretreatments, and trees.

97.  Edwards, D.G.W.  (1987).  Methods and Procedures for Testing Tree Seeds
in Canada.  Forestry Technical Report 36.  Canadian Forestry Service,
Government of Canada, Ottawa.  31 pp.

This manual describes standardised methods and procedures for sampling, and
for testing purity, germination, moisture content and seed weight of forest tree
seeds.

Keywords: seed germination, seed testing, and trees.

98.  Edwards, D.G.W., O.F.W. Pollard and B.S.P. Wang.  (1988).  Guidelines
for grading and labelling forest tree seeds in Canada.  Forestry Chronicle, 64, 4,
334-344.

Keywords: seed testing.

99.  Edwards, D.G.W. and B.S.P. Wang.  (1995).  A Training Guide for
Laboratory Analysis of Forest Tree Seeds.  Pacific and Yukon Region
Information Report BC-X-356, Natural Resources Canada, Canadian Forest
Service, Victoria.  73 pp.
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Keywords: seed testing.

100.  Eremko, R.D., D.G.W. Edwards and D. Wallinger.  (1989).  A Guide to
Collecting Cones of British Columbia Conifers.  FRDA Report 055.  Forestry
Canada, Pacific Forestry Centre and British Columbia Ministry of Forests,
Victoria.  121 pp.

The collection of adequate volumes of cones yielding high quality seeds is
essential to British Columbia’s reforestation program.  This involves not only
locating and evaluating collectable crops, but also managing personnel and
equipment efficiently and safely.  Once collected, cones must be handled in a
manner that ensures that seed quality does not deteriorate in temporary storage
of during transport to the extraction facility.  This guide provides a concise
description of cone and seed development, an overview of the collection
operation, and detailed summaries of specific cone and seed production and
collection characteristics of British Columbia conifers.

Keywords: seed collection and seed extraction.

101.  Faessler, F. and S. Apfelbaum.  (1988).  Large-scale harvesting of prairie
seed.  Restoration and Management Notes, 6, 2, 79-80.

Authors describe techniques and equipment that can be used to collect prairie
seed.  A modified Allis-Chalmers combine was used to collect 680-910 kg/hr of
seed on slopes with angles as great as 30 degrees.  On steeper slopes or
wetland habitats, an all terrain vehicle (ATV) with a rotating 60cm street sweeper-
style brush mounted on the front was used.  The device works in a similar
manner to a power lawn mower attached to a vacuum cleaner.  The spinning
brush detaches seed and also creates a vacuum that draws the seed into a
storage bin at the back of the ATV.  The machine-collected seed contains
considerable chaff and trash that can be used as mulch when the seed is
applied.  Cleaning the seed was considered cost prohibitive.

Keywords: seed collection.

102.  Farmer, R.E.  (1996).  Seed Ecophysiology of Temperate and Boreal Zone
Forest Trees.  St. Lucie Press, Delray Beach, Florida.  340 pp.

This is an excellent book devoted solely to seed reproduction of forest trees –
from flowering to establishment, with emphasis on the interaction of environment
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with physiological processes.  Focus is on seed function in natural settings and
the application of information to natural regeneration of forests.  This easy-to-
read text addresses important principles and provides in-depth coverage of
existing literature.  Presentation of the information is organised to allow for a
natural development of the main theme with full explanations of such important
components as seed production, dispersal and germination, as well as the
integral parts played by water, temperature, light, chemicals, animals, pathogens
and aging.

Keywords: seed dispersal, seed germination, and seed production.

103.  Fendall, R.K. and J.F. Carter.  (1965).   New-seed dormancy of green
needlegrass (Stipa viridula Trin.): influence of the lemma and palea on
germination, water absorption, and oxygen uptake.  Crop Science, 5, 533-536.

Keywords: seed dormancy.

104.  Flüeler, R. and A. Hasler.  (1990).  Native legumes of the Swiss Alps in
high altitude revegetation research.  Proceedings: High Altitude Revegetation
Workshop No. 9.  (W.R. Keammerer and J. Todd, Editors).  Colorado Water
Resources Research Institute, Information Series No. 63, Colorado State
University, Fort Collins.  p. 228.  Abstract.

Germinating behaviour, early life-phases and development of high-elevation
legumes were studied in laboratory and field trials that included both scarified
and non-scarified seeds.  Scarified seeds of all taxa germinated very well while
non-scarified seeds behaved differently.  Only a few seeds of Trifolium alpinum
germinated while the germination rate of the seeds of Trifolium nivale and
Astragalus alpinus was slower when not scarified.

Keywords: forb, high-elevation, legume, and seed germination.

105.  Freijsen, A.H.J., Troelstra, S.R. and M.J. van Kats.  (1980).  The effect of
soil nitrate on the germination of Cynoglossum officinale L. (Boraginaceae) and
its ecological significance.  Acta Ecologica/Ecologia Plantarum, 1, 15, 1, 71-79.

Cynoglossum officinale L. is found on calcareous dune soils in The Netherlands,
especially where the nitrogen level is high.  As part of a study to explain the
distribution of the species, its germination was investigated in laboratory
experiments in which the seeds were incubated in sandy soils varying in pH and
organic matter content.  Differences in numbers of germinated seeds proved to
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be related to the nitrate contents of these substrates.  Low percentages of
germinated seeds were found on acid soils and on the calcareous soil poor in
nitrogen.  Higher germination percentages were obtained in calcareous as well
as acid soils by the addition of nitrate.  The percentage of germinated seeds at a
temperature regime of 8.5/2.5oC was much higher than those germinated at the
14.5/8.5oC and 20.5/14.5oC temperature regimes.  This is in agreement with the
time seedlings emerge in the field.

Keywords: seed germination.

106.  Fulbright, T.E., E.F. Redente and N.E. Hargis.  (1982).  Growing
Colorado Plants from Seed: A State of the Art.  Volume II: Grasses and Grasslike
Plants.  FWS/OBS-82/29.  United States Department of Interior, Fish and Wildlife
Service, Denver.  113 pp.

This reference describes the propagation of graminoid species from seeds and
contains information on seed collection, seed processing, and seed cleaning.
Seed treatments are also described.  The species described that occur in British
Columbia include Calamagrostis rubescens, Phleum alpinum, Poa scabrella, and
Poa sandbergii.

Keywords: propagation, seed collection, seed germination, and seed processing.

107.  Gardiner, R.T. and D.K. Rusnell.  (1986).  Fording Coal Limited Annual
Reclamation Research Report for 1986 and Proposed Program for 1987.
Prepared by Cominco Limited, Elkford.  71 pp.

Keywords: field trial, reclamation, shrub and transplant.

108.  Gerling, H.S., M.G. Willoughby, A. Schoepf, C. Tannas and K. Tannas.
(1996).  A Guide to Using Native Plants on Disturbed Lands.  Alberta Agriculture,
Food and Rural Development and Alberta Environmental Protection.  Edmonton,
Alberta.  247 pp.

This guide provides information about native plants found in Alberta and the
communities in which they are found, as well as current knowledge about
revegetation methods.  Government agencies and municipalities, industry
representatives and reclamation contractors, seed producers and retailers,
landscapers and gardeners, landowners and the general public have requested
information about Alberta’s native plants, as well as reclamation and restoration
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methods.  The guide will provide a starting point for this diverse group to plan
projects involving the use of native species.

The book is divided in to three main sections.  The first deals with basic
revegetation concepts, sensitive sites, site preparation, seeding and follow-up
care, watercourse crossings, reforestation, assessing the success of
revegetation and producing native seed/plants.  Section Two includes general
species lists by moisture regime for the natural regions and subregions of
Alberta.  Climate, soils and landscape information are also provided for each
community, along with potential reclamation problems.  The third section
provides anatomical, physiological and ecological information about the plant
species listed in Section Two.  With this information, the reader can tailor a
planting to match additional goals such as erosion control and grazing suitability.
Information was compiled from many sources, making this guide a useful
reference.

Keywords: revegetation, seed collection, seed production, and seeding.

109.  Giersbach, J.  (1937).  Germination and seedling production of
Arctostaphylos uva-ursi.  Contributions of the Boyce Thompson Institute, 9, 71-
78.

Keywords: seed germination, seedling production, and Arctostaphylos uva-ursi.

110.  Giersbach, J.  (1937).  Germination and seedling production of species of
Viburnum.  Contributions of the Boyce Thompson Institute, 9, 79-90.

Keywords:  seed germination, seedling production, and Viburnum.

111.  Giersbach, J. and L.V. Barton.  (1929).  A report on the germination of
seeds of Convallaria majalis, Iris versicolor, Iris pseudacorus and Smilacina
racemosa.  American Journal of Botany, 16, 855-856.

Keywords: seed germination.

112.  Gill, S.  (1996).  Recommendations for Changes to Alberta’s Wellsite
Reclamation Criteria for Vegetation on Dry Mixed Grass Prairie.  Public Lands
Management Branch; Alberta Agriculture, Food and Rural Development.
Edmonton.  124 pp.
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Public Land Management Branch of Alberta Agriculture commissioned this study
because of concerns that the current Reclamation Criteria for Wellsites and
Associated Facilities are not appropriate for dry mixed and mixed grass prairie
regions.  Companies seed native grass cultivars at heavy rates on wellsite
disturbances (four wheatgrass mix: Western, northern, streambank, slender at 24
kg/ha is common).  This prevents invasion of native species and results in lower
plant diversity.  The main goal of this study was to recommend changes to the
Reclamation Criteria for Wellsites and Associated Facilities that will promote
original vegetation structure and diversity.

Seeded and non-seeded sites of different age classes were examined in the dry
mixed prairie ecoregion of southern Alberta.  Components of percent cover,
density and invading plant numbers, were measured to determine if erosion was
occurring and if native species were invading seeded sites.  It was determined
that very little erosion had taken place on any site and that seeded grasses were
persisting and preventing invasion of native species.  Seeded rhizomatous
grasses significantly increased in density with increasing site age.  Low bare
ground, high litter and high seeded grass densities on older seeded wellsites
effectively prevented the amount of species invasion observed on unseeded
sites.

Based on the findings of the study, several recommendations were put forward
regarding changes to the wellsite reclamation criteria.  Most significant of these
was that the required vegetative cover and density be reduced from 80% to 60%
of off-site levels.  Recommendation was made that density be considered as
percentage of off-site biomass rather than as plant number.  This will permit a
more accurate comparison to off-site conditions where many of the plants are
mat forming and hard to count individually.  Lower overall seeding rate and a
lower percentage of rhizomatous wheatgrasses in seed mixes were also
recommended.

Keywords:  reclamation, seeding, and wellsite.

113.  Goodwin, J.  (1994).  RE: Native seed collection.  Restoration Ecology, 2,
4, 218.

When processing collected grass seed, it is common practice to de-awn the seed
prior to storage because this reduces the bulk of the sample and improves the
flow of the seed through a seed planting drill.  Awns usually arise from the lemma
or glumes that surround the actual grass seed (caryopsis).  These surrounding
structures – glumes, lemma and palea – are important in enforcing dormancy in
grass seed, and they are often damaged or removed in the process of de-
awning.  By removing the glumes, lemma, and palea, higher rates of respiration
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occur because oxygen can diffuse into the seed more readily.  The result is
reduced longevity of cleaned, stored seed.

Keywords: seed collection, seed processing, seed viability, and seed germination

114.  Goodwin, J.R., Doescher, P.S. and L.E. Eddleman.  (1995).  After-
ripening in Festuca idahoensis seeds: adaptive dormancy and implications for
restoration.  Restoration Ecology, 3, 2, 137-142.

Festuca idahoensis (Idaho fescue) was a common native perennial bunchgrass
in the sagebrush steppe of the western United States until the introductions of
domestic livestock and alien plants.  Restoration of Idaho fescue to degraded
sites will likely involve reseeding, and one of the factors affecting reseeding
success is germinability.  The authors investigated effects of after-ripening and
storage temperature on germinability of Idaho fescue seeds collected from a
central Oregon site.  Six months of after-ripening were required before maximum
germination was obtained.  Storage of dry seeds at either room temperature
(20oC) or at cooler, alternating temperatures (5/15oC) did not alter the rate at
which dormancy was lost.  Storage at the warmer temperature promoted rapid
germination in seeds that had broken dormancy.  Seed longevity varied greatly
from year to year.  Seeds produced in a very dry year had poorer germination
and shorter longevity than seeds produced during a year with near normal
precipitation.  Because seed dispersal occurs in late July and early august for
Idaho fescue in central Oregon, a six-month after-ripening requirement ensures
that the greatest potential germination coincides with the spring period most likely
to provide sufficient moisture for seedling establishment.

Keywords: grass, seed dormancy, and seed germination.

115.  Gould, F.W.  (1968).  Grass Systematics.   McGraw-Hill Book Company,
New York, N.Y., 382 pp.

Keywords: grass.

116.  Graham, J.H., E. McArthur, E. Durant and D.C. Freeman.  (2001).
Narrow hybrid zone between two subspecies of big sagebrush (Artemisia
tridentata: Asteraceae) XII. Galls on sagebrush in a reciprocal transplant garden.
Oecologia, 126, 239-246.

Keywords: seed production.
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117.  Gratkowski, H.J.  (1962).  Heat as a factor in germination of seeds of
Ceanothus velutinus var. laevigatus T. & G.  Dissertation Abstract, 23, 1890-
1891.

Keywords: seed germination and Ceanothus.

118.  Grime, J.P., G. Mason, A.V. Curtis, J. Rodman, S.R. band, M.A.G.
Mowforth, A.M. Neal and S. Shaw.  (1981).  A comparative study of germination
characteristics in a local flora.  Journal of Ecology, 69, 1017-1059.

Keywords: seed germination.

119.  Grinder, B.  (1995).  Research on native seed varieties important to
reclamation projects.  Iris, 24, 5.

Keywords: seed production.

120.  Guerrant, E.O. and A. Raven.  (1998).  Seed germination and storability
studies of 69 plant taxa native to the Williamette Valley wet prairie.  Symposium
Proceedings: Native Plants Propagating and Planting, December 9-10, 1998.  (R.
Rose and D.L. Haase, Editors).  Oregon State University, College of Forestry,
Nursery Technology Cooperative, Corvallis.  pp. 25-31.

Seeds of 69 taxa native to the Williamette Valley, Oregon were subjected to four
germination treatments.  Two treatments were under ambient late-winter/
summer environmental conditions (untreated [fresh] seed or dry and frozen seed)
and two were under controlled temperatures in environment chambers.  Some
seed was cold stratified at 5oC then placed in a 10oC/20oC chamber while the
other seed was placed in 10oC/20oC chamber then moved to a 5oC/15oC
chamber.  Seeds were collected during 1992 and 1993 and stored indoors in
paper bags under ambient air temperature.  Five replicates of 50 seeds each for
the controlled environment treatments were placed on moistened KimpacTM

germination paper in plastic petri dishes 60 mm x 15 mm in diameter.  Plates
were assigned random positions within the germination chambers and
repositioned weekly.  Seeds in the two chambers were survey weekly for
germination (appearance of radicle) and moistened as needed.  CaptanTM was
used to treat fungal infection.  Seeds that were obviously decaying were
removed.  For each cold frame treatment, five replicates of 50 seeds each were
placed in 4-inch pots in a mixture of sand, pumice and sifted peat (1:1:1).  Seeds
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were planted at a depth of two to three times their length.  Seeds were watered
as necessary.  Seeds were watered as necessary and seedlings counted weekly.

The species studied that were studied and are native to British Columbia are
listed below along with the range of proportion germinated: Achillea millefolium
(0.016 – 0.024), Beckmannia syzigachne (0.268 – 0.723), Camassia quamash
(0.024 – 0.900), Carex aurea (0.000 – 0.696), Danthonia californica (0.072 –
0.867), Deschampsia cespitosa (0.692 – 0.864), Dodecatheon pulchellum (0.000
– 0.592), Eleocharis palustris (0.000 – 0.082), Geum macrophyllum (0.644 –
0.968), Glyceria occidentalis (0.060 – 0.904), Heracleum lanatum (0.000 –
0.088), Juncus tenuis (0.004 – 0.792), Lupinus polyphyllus (0.104 – 0.620),
Microsteris gracilis (0.064 – 0.812), Myosotis laxa (0.588 – 0.972), Orthocarpus
bracteosus (0.000 – 0.568), Panicum occidentale (0.012 – 0.064), Perideridia
gairdneri (0.000 – 0.352), Potentilla gracilis (0.020 – 0.196), Ranunculus
occidentalis (0.177 – 0.907), and Veronica americana (0.224 – 0.968).

Keywords: field trial, forb, grass, seed collection, seed dormancy, and seed
germination.

121.  Guinon, M.  (1993).  Promoting gene conservation through seed and plant
procurement.  Proceedings, Western Forest Nursery Association, September 14-
18, 1992, Fallen Leaf, California.  (T.D. Landis, Technical Coordinator).  General
Technical Report RM-221.  United States Department of Agriculture, Forest
Service, Rocky Mountain Forest and Range Experiment Station, Fort Collins.  pp.
38-46.

Genetic conservation is the protection and preservation of the genetic raw
materials of adaptation and evolution.  The needs to account for genetic
conservation coupled with the significant increase in demand for a number of
native species, presents new challenges to the nursery industry.  General seed
and plant procurement guidelines are provided for conservation of genetic
resources on public and private land.  The genetic implications of seed and plant
procurement are discussed, and current and needed information is identified.

Revegetation in natural zones should be accomplished using seeds, cuttings, or
transplants of species and gene pools that are native to the revegetation site.
The overriding criteria are genetic diversity safeguarded by a minimum number of
widely-spaced donors, and local adaptations maintained by matching site
characteristics of project and donor sites and collecting propagules in the project
vicinity.

Keywords: seed collection and seed production.
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122.  Haavisto, V.F. and D.A. Winston.  (1974).  Germination of black spruce
and jack pine @ 0.5oC.  Forestry Chronicle, 50, 240.

Five replications of 100 seeds each of Picea mariana and Pinus banksiana, air
dried and stored at 2oC for 3-years, were placed on moistened germination paper
in covered glass petri dishes.  The dishes were placed in a dark cold-storage
room at 0.5oC.  The number of seeds that germinated (radicles > 2mm long) and
the number that showed noticeable splitting and/or radicle emergence less than
2mm were tallied every second week.  The germination paper was kept moist by
the periodic addition of distilled water that had been maintained at a temperature
of 0.5oC.  In a preliminary study with seeds from different seed sources, the
authors found that 9% of the Picea mariana and 22% of the Pinus banksiana
seeds had germinated.

Keywords: seed germination.

123.  Hardegree, S.P.  (1994).  Drying and storage effects on germination of
primed grass seeds.  Journal of Range Management, 47, 196-199.

Cheatgrass (Bromus tectorum L.) has become the dominant species over large
areas of rangeland in the Great Basin region of the western United States.  Rapid
germination at low temperature may contribute to the competitive success of
cheatgrass in areas formerly dominated by native sagebrush and bunchgrass
species.  The objectives of this study were to determine whether seed priming
could be used to stimulate low-temperature germination rate of native
bunchgrass seeds and whether any priming effect was retained after drying and
storage.  Matric-priming was used to enhance germination rate response of 7
Great Basin native perennial grasses: thickspike wheatgrass (Agropyron
dasystachyum [Hook.] Scribn.), bluebunch wheatgrass (Pseudoroegneria spicata
[Pursh] Love), Canby bluegrass (Poa canbyi Scribn.), sandberg bluegrass (Poa
sandbergii Vasey.), bottlebrush squirreltail (Sitanion hystrix [Nutt.] J.G. Smith),
sheep fescue (Festuca ovina L.), and basin wildrye (Leymus cinereus [Scribn.
and Merr.] A. Love).  Priming enhanced germination rate of these species by 4 to
8 days at 10oC.  All species except Canby bluegrass retained significant
germination enhancement after 11 weeks of storage but only bluebunch
wheatgrass maintained a germination rate comparable to cheatgrass when
seeds were dried for storage.

Keywords: germination rate enhancement, grass, matric-priming, and native
bunchgrass.
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124.  Hardegree, S.P.  (1996).  Optimisation of seed priming treatments to
increase low-temperature germination rate.  Journal of Range Management, 49,
1, 87-92.

Seeds of 4 range grass species were evaluated to determine the effects of
priming-temperature, priming-water potential, and treatment-duration on
subsequent germination response at 10oC.  Seeds of bluebunch wheatgrass
(Pseudoroegneria spicata [Pursh] Love), thickspike wheatgrass (Elymus
lanceolatus ([Scribn. and J.G. Smith] Gould), syn. Agropyron dasystachyum
[Hook.] Scribn.), Sandberg’s bluegrass (Poa sandbergii Vasey.), and bottlebrush
squirreltail (Sitanion hystrix [Nutt.] J.G. Smith) were primed over the temperature
range of 5 to 35oC and the water potential range of 0 to –2.5 MPa for up to 10
days to determine optimal priming conditions among all treatment combinations
that did not result in premature radicle emergence from the seed coat.  Most
rapid germination of treated seeds was obtained at priming temperatures
considered optimal for germination of untreated seeds.  Optimal priming
conditions were found to be at water potentials equal to, or less negative than,
the threshold water potential at which radicle emergence was prevented for
untreated seeds.  Germination response data for untreated seeds can be used to
simplify the estimation of optimal temperature and water potential for seed
priming.

Keywords: matric-priming, bluebunch wheatgrass, thickspike wheatgrass,
Sandberg’s bluegrass, and bottlebrush or squirreltail grass.

125.  Hardin, E.  (1981).  Quick test vs. standard germination test.  Proceedings
of Intermountain Nurseryman’s Association and Western Forest Nursery
Association, Combined Meeting, August 12-14, 1980, Boise, Idaho. General
Technical Report INT-109.  United States Department of Agriculture, Forest
Service, Intermountain Forest and range Experiment Station, Ogden.  pp. 71-73.

Three “quick tests” were compared with standard germination tests on lots of
Pseudotsuga menziesii and Pinus species, Abies species, and Picea species.
All three tests, when conducted properly on these native species could predict
seed viability when correlated with standard germination tests.  All of the quick
tests indicated higher viability on Abies than was obtained by the standard
germination test.  The tests used were hydrogen peroxide, tetrazolium chloride
sand x-rays.

Keywords: seed germination, testing, and trees.
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126.  Hardy BBT Limited.  (1989).  Manual of Plant Species Suitability for
Reclamation in Alberta, 2nd Edition.  Alberta Land Conservation and Reclamation
Council, Reclamation Research Technical Advisory Committee Report No.
RRTAC 89-4.  Prepared for the Alberta Research Council by Hardy BBT Limited,
Edmonton.  444 pp.

This is an updated version of RRTAC Report 80-5 that describes the
characteristics of 43 grass, 14 forb, and 34 shrub and tree species that make
them suitable for reclamation in Alberta.  The report has been updated in several
important ways: A lone drawing of each species has been added: the range
maps for each species have been redrawn based on an ecosystem classification
of the province; new information (to 1990) has been added, particularly in the
sections on reclamation use; and the material has been reorganised to facilitate
information retrieval.  The most valuable aspect of the reference is the
performance chart that precedes each species and the combined performance
charts for the grass, forb, and shrub/tree groups.  The report was produced with
assistance of a grant from the Alberta Recreation, Parks and Wildlife Foundation.

Keywords: reclamation, native species, seeding, forbs, grasses and shrubs.

127.  Hargrave, P.D.  (1937).  Seed germination of Saskatoon and pincherry.
Scientific Agriculture, 17, 736-739.

Keywords: seed germination, Saskatoon, and pincherry.

128.  Harrington, A.  (1972).  Seed storage and longevity.  Seed Biology.
Volume 3.  (T. Kozlowski, Editor).  Academic Press, New York.  pp. 145-240.

General rule that each 1% reduction in seed moisture content and each 4oC
reduction in seed temperature doubles the life of stored seeds.

Keywords: seed storage, seed moisture content, and seed viability.

129.  Harrington, J.F.  (1973).  Problems of seed storage.  Seed Ecology.  (W.
Heydecker, Editor).  Pennsylvania University Press, University Park.  pp. 251-
264.

The maximum longevity of crop species is frequently obtained at seed moisture
contents of 5 to 14% and seed storage temperatures of 1 to 5oC.

Keywords: seed storage and seed longevity.
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130.  Harrington, C.A., J.M. McGrath and J.M. Kraft.  (1999).  Propagating
native species: experience at the Wind River Nursery.  Western Journal of
Applied Forestry, 14, 2, 61-64.

Propagating information developed at the United States Forest Service Wind
River Nursery in Carson, Washington is described in this article.  The information
includes seed collection, extraction, stratification and storage, and timing of seed
collection.  Propagating techniques for cuttings as well as a summary of
propagating experience (planting media and container used), specialised
propagating techniques, and type of stock produced is described as well.  Most
species were propagated from seed, although some were propagated from stem
or root cuttings while some were propagated from both seed and cuttings.  Some
species were very difficult or impossible to propagate at the nursery.  The
species propagated included Acer circinatum, Acer glabrum, Acer macrophyllum,
Alnus incana, Alnus rubra, Alnus sinuata, Arctostaphylos columbiana, Betula
occidentalis, Betula papyrifera, Ceanothus sanguineus, Cornus nuttallii, Cornus
stolonifera, Corylus cornuta, Crataegus douglasii, Gaultheria shallon, Holodiscus
discolor, Pachistima myrsinites, Penstemon spp., Philadelphus lewisii, Populus
tremuloides, Populus trichocarpa, Quercus garryana, Rhamnus purshiana,
Rhododendron macrophyllum, Ribes spp., Rosa gymnocarpa, Salix spp.,
Sambucus racemosa, Sorbus sitchensis, Symphoricarpos albus, Vaccinium
alaskaense, Vaccinium membranaceum, Vaccinium ovalifolium, and Vaccinium
parvifolium.

Keywords: native species, seed collection, extraction, storage, germination, and
propagation.

131.  Harrington, A., Lodding, C.C. and J.M. Kraft.  (1998).  Extraction and
germination of Pacific madrone seed.  Symposium Proceedings: Native Plants
Propagating and Planting, December 9-10, 1998.  (R. Rose and D.L. Haase,
Editors).  Oregon State University, College of Forestry, Nursery Technology
Cooperative, Corvallis.  pp. 38-42.

Pacific madrone (Arbutus menziesii) seeds can be extracted and cleaned in a
procedure which utilises a mortar and pestle, a blender with a rubber blade and
several sieves.  The method involves several steps but is not difficult and can
result in a large amount of seed in a short period of time.  Following extraction,
the seeds can be dried and stored at low moisture content (6%) in sealed
containers at 3-5oC or given a cold stratification treatment and then sown.  Cold
stratification periods of 60 days or longer increased the initial rate of germination
compared to seeds stratified for 40 days but resulted in seed losses due to
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premature germination during stratification.  For lots from the Puget Sound
Lowlands, cold stratification for 40 days is adequate; seeds in stratification longer
than 40 days should be monitored closely for premature germination.

Keywords: seed cleaning and stratification.

132.  Harris, R.E.  (1961).  The vegetative propagation of Amelanchier alnifolia.
Canadian Journal of Plant Science, 41, 728-731.

Keywords: propagation and Amelanchier alnifolia.

133.  Hassell, W.G.  (1999).  Regional native plant strategies.  Revegetation with
Native Species: Proceedings, 1997 Society for Ecological Restoration Annual
Meeting; November 12-15, 1997, Fort Lauderdale, Florida.  (L.K. Holzworth and
R.W. Brown, Compilers).  Proceedings RMRS-P-8. United States Department of
Agriculture, Forest Service, Rocky Mountain Research Station, Ogden.  pp. 30-
32.

The Federal Native Plants Initiative was formed in 1994 to co-ordinate and
encourage the development and use of native plants.  The program that was
developed includes public involvement, organisational structure, technical work
groups, implementation plans, and follow-up.  The implementation plan
addresses native seed development by private industry, grower contracts, and
agency co-operation.  Public and private agencies can work together during the
planning stages and provide the technical information necessary for development
of native plant materials for a given region.

Keywords: seed collection.

134.  Hassel, W.G. and S.E. Stranathan.  (1990).  Plant materials - new
releases.  Proceedings: High Altitude Revegetation Workshop No. 9.  (W.R.
Keammerer and J. Todd, Editors).  Colorado Water Resources Research
Institute, Information Series No. 63, Colorado State University, Fort Collins.  p.
229.  Abstract.

The authors describe the process of release on new varieties (native species) in
the western United States.  The documentation compiled by Plant Material
Centres in the Western United States and Alaska support the performance and
use of a growing list of successful plant materials.  Support information is
provided with the formal release of each new material.
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Keywords: seed production.

135.  Hawkins, C.D.B. and D.A. Draper.  (1988).  The cost and effect of
germination temperature and heating source on interior spruce nursery growth –
Project No. 1.31.  Economic and Regional Development Agreement, B.C., FRDA
Research Memo, No. 018.

The results of Project 1.31 have led to modifications nursery in cultural regimes
of white spruce at Red Rock Research Station for the 1988-growing season.
Germination temperature regimes will be

a) 20oC for 24 h per day for the first five days of the germination period
with the objective of speeding up the actual germination process and
inducing crop uniformity, and

b) 20/11oC for the 12/12 h day/night regime for the remaining 23 days of
the germination period to encourage early control of crop growth and
minimise heating costs.

After the germination period standard British Columbia Forest Service container
cultural practices will be followed with the exception of drought-stressing.  Spruce
crops raised at Red Rock Research Station in 1988 will have bud set induced by
photoperiod control (blackout).

Keywords: seed germination and trees.

136.  Heit, C.E.  (1967).  Propagation from seed.  Part 7.  Germinating six
hardseeded groups.  American Nurseryman, 5, 12, 10-12, 41-45.

Keywords; seed germination.

137.  Heit, C.E.  (1970).  Germination characteristics and optimum testing
methods for twelve western shrub species.  Proceedings of the American
Association of Official Seed Analysts, 60, 197-202.

Keywords: seed germination.

138.  Hellum, A.K.  (1981).  Lodgepole pine seed extraction.  High-quality
Collection and Production of Conifer Seed.  Proceedings of a Workshop held
November 14, 1979, in Edmonton, Alberta.  (R.F. Huber, Compiler).  Information
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Report NOR-X-325.  Environment Canada, Canadian Forest Service, Northern
Forestry Research Centre, Edmonton.  pp. 38-53.

Cones of Pinus contorta var latifolia are collected year round in Alberta.  These
cones are shipped to the nursery and may contain anywhere from about 12% to
about 30% moisture upon entry into the extraction process.  Cones collected in
winter normally contain 20% or more moisture.  Cones stored under shelter at
Pine Ridge Forestry Nursery, during summer, may contain as little as 12%.
Cones stored in a heated building may contain as little as 6-7% moisture even
after brief periods of a few weeks or even days.

Keywords: seed extraction.

139.  Helm, D.J.  (1995).  Native grass cultivars for multiple revegetation goals
on a proposed mine site in southcentral Alaska.  Restoration Ecology, 3, 2, 111-
122.

Native grasses may be used for multiple, sometimes conflicting, goals in
revegetation projects.  Woody plants are frequently desired for moose browse
and timber in Alaska, but naturally occurring Calamagrostis canadensis (bluejoint
reedgrass) hinders the establishment of these desired species.  Seven grass
cultivars of Alaskan origin were evaluated for their ability (1) to stabilise the soil,
(2) to reduce regeneration of C. canadensis, (3) to allow openings for natural
colonisation, and (4) to permit establishment of desirable rooted cuttings.
Cultivars tested are “Arctared” Festuca rubra (red fescue), “Alyeska” Arctagrostis
latifolia (polargrass), “Nugget” Poa pratensis (bluegrass), “Norcoast”
Deschampsia beringensis (Bering hairgrass), “Nortran” Deschampsia caespitosa
(tufted hairgrass), “Gruening” Poa alpina (alpine bluegrass), and “Sourdough”
Calamagrostis canadensis.  These were tested as single species and in multi-
species mixtures, with two seeding rates of the multi-species mixture (0.5, 0.25
seeds/cm2).  Experimental plots included unfertilised, unfertilised with rooted
Salicaceae cuttings, and fertilised (350 kg/ha 20:20:10).  A control plot was not
seeded.  After three growing seasons, Nortran D. caespitosa and Arctared F.
rubra were the most successful cultivars.  They provided 87% to 98% of the
seeded-species cover for soil stabilisation and suppressed C. canadensis on the
fertilised subplots without reducing species diversity.  Gruening Poa alpina was
less than 3 cm tall, and it helped stabilise the site without interfering with woody
plant establishment.  Although cuttings were shorter under some seed treatments
compared to the non-seeded control, heights of cuttings were not related to cover
of seeded cultivars (r = 0.09, p < 0.001).

Keywords: field trial, grass, and seed treatment.
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140.  Henry, A.R., Barzen, J.A. and R.D. Beilfuss.  (1998).  Visual estimates of
seed viability for prairie restorations (Wisconsin).  Restoration and Management,
16, 1, 83-84.

Keywords: seed viability.

141.  Henson, I.E.  (1970).  The effects of light, potassium nitrate and
temperature on the germination of Chenopodium album L.  Weed Research, 10,
27-39.

Keywords: seed germination.

142.  Hermesh, R. and S.N. Acharya.  (1987).  Reproductive response to three
temperature regimes of four Poa alpina L. populations from the Rocky Mountains
of Alberta.  Arctic and Alpine Research, 19, 321-326.

In this study, the reproductive response of seeds from four populations of Poa
alpina to 3 temperature regimes was researched.  Some alpine and subalpine
populations collected from the Alberta Rocky Mountains exhibited variability in
and adaptation to low temperature regimes for seed production.

Keywords: seed germination.

143.  Hermesh, R. and S.N. Acharya.  (1992).  Influence of maternal plant
environment and provenance on alpine bluegrass seed germination.  Canadian
Journal of Plant Science, 72, 801-808.

Keywords: seed germination.

144.  Herron, G.J., R.L. Sheley, B.D. Maxwell, and J.S. Jacobsen.  (2001).
Influence of nutrient availability on the interaction between spotted knapweed
and bluebunch wheatgrass.  Restoration Ecology, 9, 3, 326-331.

Centaurea maculosa (Lam.) (spotted knapweed) reduces wildlife and livestock
habitat biodiversity and increases erosion.  Nutrient availability to plants may be
used to accelerate succession away from spotted knapweed.  Early-successional
plant communities often have high nutrient availability, whereas late-successional
communities are often found on lower nutrient soils.  The authors hypothesised
that the removal of nutrients would change the competitive advantage from



Native Seed Literature Review for British Columbia                               British Columbia Forest Service – Invermere Forest District

Myosotis Ecological Consulting, 52 Prestwick Cove SE, Calgary, Alberta, T2Z 3M3 62

spotted knapweed to Pseudoroegneria spicatum (bluebunch wheatgrass) (late
seral).  In two addition series matrices, background densities of Secale cereale
(annual rye) and Elymus elymoides (bottlebrush squirreltail) (3,000 seeds/m2)
were used to remove nutrients from the soil.  In another set of addition series
matrices, nitrogen (33kg/ha) or phosphorus (33kg/ha) were added to the soil.
Nutrient analysis of soil and vegetation indicated that annual rye and bottlebrush
squirreltail reduced nutrient availability in soils.  In another matrix, neither a
background density nor nutrients were added.  Data were fit into Watkinson’s
curvilinear model to determine the competitive relationship between bluebunch
wheatgrass and spotted knapweed.  This allowed comparison of the equivalence
ratios (C) generated from each addition series.  The C parameters are the per-
plant equivalent of blue-bunch wheatgrass or spotted knapweed and can be
interpreted as the ratio of intra-to-interspecific competition.  The C parameters
are also the equivalence ratio of the number of spotted knapweed it takes to
have equivalent effect on bluebunch wheatgrass or the number of bluebunch
wheatgrass having the equivalent effect on spotted knapweed.  Without nutrient
manipulation, spotted knapweed was more competitive than bluebunch
wheatgrass.  The C for bluebunch wheatgrass was 0.17, indicating that 0.17
knapweed plants were competitively equivalent to one wheatgrass.  Annual rye
changed the competitive balance in favour of bluebunch wheatgrass (C=9.9).
Addition of nitrogen, phosphorus, or the mid-seral species did not change the
competitive relationship between the two species.  This preliminary study
suggests that succession from spotted knapweed to late-seral bluebunch
wheatgrass community may be accelerated by altering resource availability.

Keywords: field trial, nitrogen, phosphorus, plant community dynamics, seeding
and succession.

145.  Hibbs, D.E. and A.A. Ager.  (1989).  Red Alder: Guidelines for Seed
Collection, Handling, and Storage.  Special Publication 18.  Forest Research
Laboratory, Oregon State University, Corvalis.  6 pp.

The best time to sow red alder seeds is in the spring.  Due to their size, seeds
should not be covered or they will not germinate.  Red alder seeds require plenty
of water and a low-nitrogen, high-phosphorous fertiliser for germination and
growth.

Keywords:  seed germination and shrub.

146.  Hill, T., C.E. Kennedy and D. Murray.  (Editors).  (1996).  Guidelines for
Reclamation/Revegetation in the Yukon, Volume II.  Department of Renewable
Resources, Whitehorse, Yukon.
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This companion to Volume I, published in 1992, includes guidelines for Region 5
- Klondike Highway Corridor in the west central Yukon and Region 6 – Dempster
Highway Corridor, in the north central Yukon.  Volume I addresses the southern
Yukon in Regions 1 to 4.  General background information regarding site
considerations, surface preparation, timing, method and rate of seeding,
fertilisation and northern seed varieties is included in the introductory section of
the first volume.

The revegetation prescriptions have been formulated from environmental data
collected for the construction of the Foothills Pipeline, designed for the transport
of natural gas from the Beaufort Sea to southern Canada.  This included the
collection of seeds from native grasses and legumes throughout the Yukon.  The
seed stocks were propagated in nurseries and planted in test plots in the 1970’s
along with seeds of agronomic varieties of grasses and legumes.  Test plots
received various surface preparation, treatments, mulches and fertiliser
applications and monitored for five years and again in 1985.

The climate, landforms, soils and vegetation are described in an introductory
section for each region, and diagrams of vegetation and landform relationships
are included.  For each plant community type, tables are presented for site
characteristics and both agronomic and native species seed mixes.  Site
characteristics include the following:  landform, genetic materials, modifiers,
drainage, soil texture, pH, organic matter, and available nutrients (rated from very
low to high).  A short vegetation community description is included and
characteristic and associated species are listed.

In the agronomics seed mixes, both tame and native cultivars are included while
the native selections are specific to the Yukon.  Suggested seeding rates and
nutrient requirements are also presented.

Specific seed mixes are also presented for subalpine and alpine environments,
linear project seeding, sand or gravel cut slopes, silty-clay cut slopes, high gravel
content soils, sandy and saline soils.

Keywords: seed production and seeding.

147.  Hoag, J.C., R.K. Dumroese and M.E. Sellers.  (2001).  Perigynium
removal and cold, moist stratification: Improve germination of Carex
nebrascensis (Nebraska Sedge).  Native Plants Journal, 2, 1, 63-66.

For two populations of Nebraska sedge (Carex nebrascensis Dewey
[Cyperaceae]), removal of the perigynium, the sac-like structure around mature
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achenes, either with forceps or sandpaper, provided sufficient scarification to
significantly increase total germination about 50% compared with that of non-
scarified achenes.  We also found that a combination of scarification and 32 d of
cold, moist stratification resulted in 25% higher total germination than
stratification alone.  Stratification of scarified achenes with sphagnum peat moss
resulted in 17% more germination than when scarified achenes were stratified in
distilled water only.  Our results indicate Nebraska sedge can be efficiently
germinated in nurseries if perigynia are removed by scarification and achenes
stratified 32 d at 3oC (37oF) with a sphagnum peat moss substrate.

Keywords: achene, Carex, perigynium, stratification, and seed germination.

148.  Holzworth, L.K., L.E. Wiesner and H.F. Bowman.  (1990).  Grass and
Legume Seed Production in Montana and Wyoming.  Special Report No. 12.
Bridger Plant Materials Centre, Bridger.

Keywords: seed production.

149.  Houseal, G. and D. Smith.  (2000).  Source-identified seed: the Iowa
roadside experience.  Ecological Restoration, 18, 3, 173-183.

The Iowa Ecotype Project, with the support from the Iowa Department of
Transport’s Living Roadway Trust Fund and a coalition of agencies developed a
systematic procedure for collecting seed from local populations of select species,
then “amplifying” the seed in seed nurseries, increase fields, and finally
production fields.  The objectives of the project are twofold: (1) to increase the
availability of Iowa-origin seed for prairie reconstructions and (2) to make Iowa
origin seed competitive in price with widely available cultivated varieties of native
species.  The project manager collects seed throughout Iowa.  As well,
knowledgeable volunteers find and collect stock seed for the project.  There are
five phases to the project: (1) seed collection and seed nursery establishment,
(2) harvest of seed nurseries, (3) establishment of foundation seed-increase
fields, (4) release of foundation seed to commercial seed producers, and (5)
commercial supply made available.  Since the project began in 1990, 1,300
collections of 30 species have been made and 13 of the species have been
released to private growers for commercial production.  The Iowa Ecotype
Project seed is being certified as source-identified seed.

Keywords: ecotype, seed collection, and seed nursery.
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150.  Hudson, S. and M. Carlson.  (1998).  Propagation of Interior British
Columbia Native Plants from Seed.  British Columbia Ministry of Forests
Research Program, British Columbia Ministry of Forests, Victoria.  37 pp.

An excellent source of information that describes seed pre-treatment
requirements and seedling production (sowing dates, germination temperatures,
propagation, fertigation, pruning/shearing, seedling specifications, lifting and cold
storage) for a number of woody species native to British Columbia.  The
information is organised according to moist or dry habitat condition.  The species
described include: Acer glabrum douglasii, Alnus incana spp. tenuifolia, Alnus
sinuata, Amelanchier alnifolia, Apocynum androsaemifolium, Berberis aquifolium,
Betula papyrifera, Ceanothus sanguineus, Ceanothus velutinus, Cornus
stolonifera, Cratageous douglasii, Holodiscus discolor, Juniperus communis,
Lonicera involucrata, Sambucus cerulea, Philadelphus lewisii, Physocarpus
capitatus, Populus tremuloides, Prunus virginiana, Rhus glabra, Rosa acicularis,
Rosa nutkana, Rubus parviflorus, Sambucus racemosa, Shepherdia canadensis,
Spirea betulifolia, Spirea douglasii, and Symphoricarpos albus.

Keywords: container, horticulture, propagation and seed pre-treatment.

151.  Hull Jr., A.C.  (1973).  Germination of range plant seeds after long periods
of uncontrolled storage.  Journal of Range Management, 26, 3, 198-200.

One hundred sixty-six lots of seed representing 60 species were stored from 14
to 41 years in unheated sheds.  After 14 years storage, only 36 of the 102 lots of
grass produced seedlings.  Of the 68 lots stored for 20 years, only 16 emerged.
After 27 years of storage, no grass seeds were viable.  All 24 lots of legume seed
produced seedlings after 14 years storage.  Fifteen lots stored 20 years or more
were all viable.  Of the 21 lots of forb seed stored from 23 to 41 years, only
Erodium cicutarium produced seedlings.  Stored for 37 years, this was the oldest
seed to germinate.  None of five lots of shrub seed stored 20 were viable.

Keywords: seed germination and seed storage.

152.  Hurd, E.G. and N.L. Shaw.  (1991).  Seed technology for Carex and
Juncus species of the Intermountain Region.  Proceedings, Intermountain Forest
Nursery Association, August 12-16, 1991, Park City, Utah.  General Technical
Report RM-211.  United States Department of Agriculture, Forest Service.  Rocky
Mountain Forest and Range Experiment Station, Fort Collins. pp. 74-83.

This is an excellent article that summarises the published literature on Carex and
Juncus seed technology.  Seed technology is being developed for common
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sedges and rushes of the Intermountain Region to evaluate the feasibility of
propagating container stock from seed as well as from vegetative material.  Pre-
treatments are being developed to enhance germination of common
intermountain species.  The article also discusses seed collection techniques,
storage, seed quality, viability and germination.  Most of the species collected or
harvested by clipping or stripping.  Many of the aquatic sedges have a cool or
cold moist stratification requirement (7-30 days) and germinate best with
alternating temperatures.  Germination may be as high as 97% based on viable
achenes or pure live seed.  Species studied included Carex aquatilis, Carex
lanuginosa, Carex microtera, Carex pachystachya, Carex rostrata and Juncus
effusus.

Keyword: propagation, re-chilling, seed collection, seed germination, seed
quality, and seed viability.

153.  International Seed Testing Association.  (1993a).  International rules for
seed testing.  Rules and Annexes 1993.  Seed Science and Technology,
Supplement, 21, 1-288.

Keywords: seed testing.

154.  International Seed Testing Association.  (1993b).  International rules for
testing seeds.  Annexe to Chapter 6.  Biochemical Tests for Viability.  Seed
Science and Technology, Supplement, 21, 187-209.

Keywords: seed testing.

155.  International Seed Testing Association.  (1999).  International Rules for
Seed Testing 1999.  Seed Science and Technology, 27, Supplement, 1999.

This document is ISTA’s primary instrument in promoting uniformity in seed
testing procedures which describe detailed standard techniques and procedures.
The publication includes two parts: (1) ‘Rules’ prescribing principles and
definitions, and (2) ‘Annexes’ describing in detail the methods to be used.

Keyword: seed testing.

156.  Isely, D.  (1944).  A study of conditions that affect the germination of
Scirpus seeds.  Biological Abstracts, 19, 7337.
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Keywords: seed germination and Scirpus.

157.  Issacson, D.  (1995).  Considerations in purchasing native seed.  Hortus
West, 6, 1, 13-15.

State and federal laws are consumer protection laws that deal with the growing,
processing labelling, testing and use of seed.  Seed laws have basic information
requirements for seed lot identification, kind and variety of seed, location of
origin, percentage by weight of weed seed, internet matter, other crop seed,
germination percentage and name and address of retailer.  A shortcoming of
most native seed is that there is no definition for native.  A decision to use native
seed requires careful consideration of the cost, availability and objectives of the
project.  Knowledge of the basics of seed laws is important to the success of the
restoration project.

Keywords: seed germination, seed laws, and seed testing.

158.  Isaacson, J.A.  (1973).  Native Seed and Shrub Regeneration.  United
States Forest Service, Coeur d’Alene National Forest Nursery, Kettle Falls.

Keywords: seed production and seedling propagation.

159.  Jones, C.E. and B. McTavish.  (1986).  Economic and biological feasibility
of native plants for land reclamation in western Canada.  Land Rehabilitation:
Policy, Planning Systems and Operational Programs.  Eleventh Annual Meeting
of the Canadian Land Reclamation Association, Guelph.  pp. 277-295.

Keywords: seedling production and shrub.

160.  Karrfalt, R.P.  (1992).  Increasing hardwood seed quality with brush
machines.  Tree Planter’s Notes, 43, 2, 33-35.

Brush machines provide good control for dewinging seeds of hardwood species.

Keywords: seed cleaning and seed dewinging.

161.  Karrfalt, R.P.  (1994).  Cleaning hardwood and shrub seed.  National
Proceedings, Forest and Conservation Nursery Associations.  (T.D. Landis and
R.K. Dumrose, Technical Co-ordinators).  United States Department of
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Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment
Station, Fort Collins.  pp. 279-280.

This article provides brief descriptions of the equipment required and processes
involved in the four phases of cleaning hardwood and shrub species seed: (1)
post-harvest storage, (2) extraction, (3) basic cleaning and (4) upgrading.

Keywords: extraction, seed cleaning, and seed storage.

162.  Karrfalt, R.P.  (1997).  Considerations for conditioning seeds of native
plants.  National Proceedings, Forest and Conservation Nursery Associations.
General Technical Report PNW-GTR-419. (T.D. Landis and J.R. Thompson,
Technical Co-ordinators).  United States Department of Agriculture, Forest
Service, Pacific Northwest Research Station, Portland.  pp. 53-56.

The conditioning of seeds of native plants can be seen as having thr4ee main
components: (1) biological, physical and administrative.  This paper discusses
the conditioning of seed from collection, through extraction, cleaning and storage
to quality control, quality assurance and seed certification.  How much seed to
collect is determined by how much seed is required while collection location is
determined by where the seeds will be seeded.  When to collect is determined by
a maturity index that is related to seed color, moisture content and morphology.
Temperature and seed moisture are critical factors to consider in the long-term
post-harvest storage of seeds.  Seeds collected need to be kept dry and cool.
Drying is often a first step in conditioning seeds and is mandatory if seeds are
moistened in any of the extraction or cleaning steps.  Threshing is done with
machinery or by hand. Brush machines are very effective at extracting and
dewinging many dry seeds and fruits.  Basic cleaning is accomplished with
aspirators, blowers, screen machines or air-screen machines.  Round and flat
particles can be separated with an inclined draper, long and short particles can
be separated with an indent cylinder while heavy and light particles can be
separated by water in some cases and by a specific gravity table of precisely
controlled air columns.  Rapid evaluations of seed quality are important for
making adjustments to the equipment.  Cutting tests, x-ray irradiation and
tetrazolium chloride tests all provide rapid evaluations of seed quality.  Quality
control is the process of identifying and correcting errors or omissions and
requires constant monitoring for damage and quality.

Keywords: seed cleaning, seed collection, and seed storage.

163.  Kaye, T.N.  (1997).  Seed dormancy in high-elevation plants: implications
for ecology and restoration.  Conservation and Management of Native Plants and
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Fungi.  (T.N. Kaye, A. Liston, R.M. Love, D.L. Luoma, R.J. Meinke, and M.V.
Wilson, Editors).  Native Plant Society of Oregon, Corvallis.  pp 115-120.

Seed germination is a crucial event in the life of every sexually reproduced higher
plant.  Portions of the seeds produced by many species are dormant; they do not
germinate unless specific environmental signals or events occur.  The objective
of this research was to determine the extent of seed dormancy in 28 species of
grasses and forbs from alpine-subalpine areas of the Olympic Mountains,
Clallam County, Washington.  Five species were non-dormant.  After-ripening
improved germination of eight species, five required cold stratification, all under
the given treatments.  At least one species may have possessed more than one
dormancy mechanism.  Results from this study support recommendations for
shallow or surface sowing of seeds to satisfy light requirements and fall planting
to increase the likelihood of natural scarification and cold stratification.  The
diversity and extent of dormancy mechanisms encountered here suggests that
under harsh and uncertain alpine growing conditions, natural selection may
favour seeds with a genetic system for dormancy and delayed germination.
After-ripening occurred even while seeds were in cold-dry storage, suggesting
that ecological studies should not use cold-stored seeds and assume they will
behave as though they are freshly matured.  Seed dormancy may control
germination timing and rate, which in turn effect plant establishment and
competitive ability, and ultimately population, successional, and community
patterns of high-elevation vegetation.  Successful germination protocols improve
propagation success and aid efforts to revegetate disturbed areas in Olympic
National Park and other high-elevation areas in the Pacific Northwest.

The graminoid species studied included Bromus sitchensis, Carex
phaeocephala, Danthonia intermedia, Deschampsia atropurpurea, Deschampsia
cespitosa, Elymus glaucus, Festuca idahoensis, Phelum alpinum, Sitanion
hystrix, Stipa occidentalis, and Trisetum spicatum.  The forb species studied
included Achillea millefolium, Anemone occidentalis, Epilobium alpinum, Erigeron
compositus, Geum triflorum, Hedysarum occidentale, Lupinus latifolius,
Orthocarpus imbricatus, Oxytropis viscida, Pedicularis bracteosa, Phlox diffusa,
and Thalictrum occidentale.

Keywords: dormancy, forb, grass, seed germination, stratification.

164.  Kennedy, C.E.  (Editor).  (1993).  Guidelines for Reclamation /
Revegetation in the Yukon.  Yukon Renewable Resources Habitat Management
Section, Fish and Wildlife Branch, Whitehorse.  180 pp.

Keywords: seed production and seeding.



Native Seed Literature Review for British Columbia                               British Columbia Forest Service – Invermere Forest District

Myosotis Ecological Consulting, 52 Prestwick Cove SE, Calgary, Alberta, T2Z 3M3 70

165.  Kerr, D.S., L.J. Morrison and K.E. Wilkinson.  (1993).  Reclamation of
Native Grasslands in Alberta: A Review of the Literature.  RRTAC 93-1.
Prepared for the Alberta Land Conservation and Reclamation Council by
Environmental Management Associates, Edmonton.  205 pp.

Keywords: seed production, seed collection, and seeding.

166.  King, P.J.  (1980).  Review of Seed Pre-treatments Required for
Germination of Candidate Native Tree and Shrub Species in the Eastern Slopes
of the Rocky Mountains and Foothills of Alberta.  Alberta Energy and Natural
Resources, ENR Report Number 154.  Alberta Forest Service, Edmonton.  56 pp.

This reference contains a review of germination pretreatments for twenty-five
trees and shrubs native to the eastern slopes of the Rocky Mountains and
foothills of Alberta.  The species investigates included Alnus crispa, Alnus
tenuifolia, Amelanchier alnifolia, Arctostaphylos uva-ursi, Cornus stolonifera,
Eleagnus commutata, Juniperus communis, Juniperus scopulorum, Larix lyalii,
Pinus flexilus, Populus balsamifera, Populus tremuloides, Potentilla fruticosa,
Rosa acicularis, Rosa woodsii, Rubus parviflorus, Rubus strigosus, Salix
barrattiana, Salix bebbiana, Salix glauca, Salix planifolia, Salix scouleriana,
Shepherdia canadensis, Sorbus scopulina, and Sorbus sitchensis.  The types of
seed dormancy encountered were (1) seed coat, (2) morphological immaturity in
the embryo, (3) physiological immaturity in the seed and (4) combined dormancy.
The species described have The treatments used were running water,
mechanical scarification, mechanical scarification, and cold/warm moist
stratification.

Keywords: seed pre-treatments, seed germination and shrubs.

167.  King, P.J., G. Grainger and A. Straka.  (1983).  Testing of Seed Pre-
Germination Treatments for Selected Native Shrub Species.  Alberta Energy and
Natural Resources, Edmonton.  80 pp.

This reference presents the results of preliminary experiments on pre-
germination treatment methods for nine native woody plant species.  The species
investigates included Amelanchier alnifolia, Arctostaphylos uva-ursi, Eleagnus
commutata, Juniperus communis, Rosa acicularis, Rosa woodsii, Rubus
parviflorus, Rubus strigosus and Shepherdia canadensis.  The treatments used
were running water, mechanical scarification, mechanical scarification, and
cold/warm moist stratification.
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These investigations represent a portion of a program to evaluate, select and test
native trees and shrubs for disturbed land reclamation in the Rocky Mountain
Eastern Slopes of Alberta.

Keywords: seed pre-treatments, seed germination and shrubs.

168.  Kitchen, S.  (2001).  Addressing native plant seed testing problems.
Certified Seed Gleanings, 20, 1, 5-6.

This article discusses various issues related to the problems associated with
testing the viability of the many different types native plant seeds.

Keyword: seed testing.

169.  Kitchen, S.  (2001).  Intra-specific variability in germination behaviour and
seed testing protocols: the challenge of Intermountain species.  Seed
Technology, 23, 1, 68-77.

This article discusses various issues related to the problems associated with
testing the viability of the many different types native plant seeds.

Keyword: seed testing.

170.  Kitchen, S.G. and E.D. McArthur.  (2001).  Native or not: subjective labels
and their application in wildland plantings.  Native Plants Journal, 2, 1, 21-24.

Biodiversity maintenance and ecosystem stabilisations are primary
considerations when selecting species for restoration of disturbed wildland
communities.  Selections based solely on ambiguous labels regarding point of
origin (for example, native, introduced) often ignore realities of change caused by
migration (both natural and human-facilitated) and long-term climatic shifts.
Subsequently, natives are often, but not always, well adapted to the altered
environments and uses of today’s wildland communities.  The utilisation of broad-
based releases and multi-germplasm blends increase genetic diversity and offer
improved opportunity for success on variable environments.  Evaluations of past
plantings can provide valuable insight on the suitability of various species, both
introduced and native, for wildland stabilisation.  An adaptive strategy
enlightened by unbiased hindsight, while at the same time possessing a clear
forward vision, will be increasingly important for managing wildlands in a
changing world.
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Keywords: biodiversity, community stability, mitigation, and plant material
development.

171.  Kitchen, S.G. and S.B. Monsen.  (1994).  Germination rate and
emergence success in bluebunch wheatgrass.  Journal of Range Management,
47, 2, 145-150.

Development of plant materials adapted to the demands of a harsh environment
and conditions created by standard plating practices has resulted in improved
seedling establishment for some species.  Bluebunch wheatgrass
(Pseudoroegneria spicata [Pursh] Love) is an important native bunchgrass often
planted in the Intermountain and Pacific Northwest regions.  Though cultivars
have been developed, this species continues to have a reputation for weak
seedlings.  Forty-seven accessions of bluebunch wheatgrass collected from
naturally occurring populations in 9 geographic regions and the cultivar ‘Goldar’
were evaluated for germination rate, seedling emergence and growth, and seed
weight.  Significant differences in seed weight and germination rate at optimum
(15/25oC) and cold (1oC) temperatures were observed.  Seedling emergence
from a 4-cm depth ranged from 5 to 66%.  Mean dry shoot weight 28 days after
plating varied among accessions by a factor of 6.  Simple correlations between
seed weight and percentage emergence (r – 0.62) and seed weight and mean
shoot weight (r = 0.63) indicate seed weight could be used as a preliminary
screening test for these traits.  Seed weight was not useful in predicting
germination rate.  Results suggest establishment success may be improved
through careful selection for traits associated with seedling vigour.

Keywords: seedling vigour, Pseudoroegneria spicata, seed size, and depth
planting.

172.  Kitchen, S.G. and S.B. Monsen.  (1996).  Arrowleaf balsamroot
(Balsamorhiza sagittata) seed germination and establishment success (Utah).
Restoration and Management Notes, 14, 2, 180-182.

Germination responses of freshly harvested and dry, after-ripened arrowleaf
balsamroot (Balsamorhiza sagittata) seeds to different periods of wet pre-chilling
were examined.  Seeds were collected from seven Idaho and Utah populations in
May and June of 1989.  Seed storage was in open containers at room
temperature.  Wet pre-chilling treatments (1-2oC) of 0, 4, 8 and 12 weeks shortly
after harvest and again three years later.  Incubation conditions were 28 days at
15/5oC for 12hrs/12hrs.  Germination percentages were corrected to reflect the
percent of total viable seeds.
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The effect of seedbed microenvironment on germinability and seed emergence
was examined from a dry, mild winter site and from a mesic, cold –winter site.
Fifty seed clusters were planted in June and October of 1989 at each site to
simulate natural seed dispersal and burial as well as artificial seeding.  Nylon
bags were placed over the clusters of plants designated for retrieval.  Conical
wire mesh cages protected seeds from rodents.  Bagged seeds were retrieved in
October 1989 (June seeding) and in March 1990 to determine dormancy and
germination status.  Laboratory-stored seeds of these collections were also re-
tested in October of 1989.  Seedlings in the emergence plots were counted
periodically during the spring, 1990.

All seed collections required wet pre-chilling to remove dormancy.  Seeds that
germinated without pre-chilling was delayed for 21-28 days after imbibition and
germinants frequently exhibited abnormal growth.  Germination percentages
increased with length of pre-treatment and varied considerably among
collections.  After-ripening collections yielded higher germination percentages in
response to 4- and 8-week, pre-chilling treatments than did the same collections
when testing as recently-harvested seeds.  The results demonstrated that seed
dormancy prevents summer or fall germination while fall seeding allowed for full
operation of dormancy breaking processes and reduced the risk of seed
predation associated with summer dispersal.

Keywords: seed dispersal, seed dormancy, and seed germination.

173.  Knapp, E.E. and K.J. Rice.  (1996).  Genetic structure and gene flow in
Elymus glaucus (blue wildrye): implications for native grassland restoration.
Restoration Ecology, 4,1,1-10.

Interest in using native grass species for restoration is increasing, yet little is
known about the ecology and genetics of native grass populations or the spatial
scales over which seed can be transferred and successfully grown.  The purpose
of this study was to investigate the genetic structure within and among
populations of Elymus glaucus in order to make some preliminary
recommendations for the transfer and use of this species in revegetation and
restoration projects.  Twenty populations from California, Oregon, and
Washington were analysed for allozyme genotype at 20 loci, and patterns of
variation within and among populations were determined.  Allozyme variation at
the species level was high, with 80% of the loci polymorphic and an average
expected heterozygosity (an index of genetic diversity) of 0.194.  All but two of
the populations showed some level of polymorphism.  A high degree of
population differentiation was found, with 54.9% of the variation of allozyme loci
partitioned among populations (Fst = 0.549).  A lesser degree of genetic
differentiation among closely spaced sub-populations within one of the
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populations was also demonstrated (Fst = 0.124).  Self-pollination and the patchy
natural distribution of the species both likely contribute to the low level of gene
flow (Nm = 0.205) that was estimated.  Zones developed for the transfer of seed
of commercial conifer species may be inappropriate for transfer of E. glaucus
germplasm because conifer species are characterised by high levels of gene
flow.  Limited gene flow in E. glaucus can facilitate the divergence of populations
over relatively small spatial scales.  This genetic differentiation can be due to
random genetic drift, localised selective pressures, or both.  In order to minimise
the chances of planting poorly adapted germplasm, seed of E. glaucus may need
to be collected in close proximity to the proposed restoration site.

Keywords: grass and seed collection.

174.  Kneebone, WR. And C.L. Cremer.  (1955).  The relationship of seed size
to seedling vigour in some native grass species.  Agronomy Journal, 47, 472-
477.

The results of this study revealed that heavier seeds of certain ecotypes might be
important in screening for environments where precipitation is equivalent to the
abundance of water but may not be a desirable characteristic in screening for
drought resistance.

Keywords: drought resistance, seed size, and seed germination.

175.  Knipe, O.D.  (1973).  Western wheatgrass germination as related to
temperature, light, and moisture stress.  Journal of Range Management, 26, 1,
68-69.

Germination of western wheatgrass was best when seeds were held for 16 hr. at
temperatures between 55 and 75oF and 8 hr. at temperatures between 75 and
90oF daily.  Germination was independent of light but was severely reduced by
moisture stresses above 1.0 atmospheres.

Keywords: seed germination.

176.  Koller, D., A.M. Mayer, A. Poljakoff-Mayber and S. Klein.  (1962).  Seed
germination.  Annual Review of Plant Physiology, 13, 437-464.

Keywords: seed germination.
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177.  Kozlowski, T.T.  (1971).  Seed germination and seedling development.
Growth and Development of Trees.  Volume 1.  Academic Press, New York.  pp.
41-93.

Keywords: seed germination.

178.  Kozlowski, T.T.  (Editor).  (1972).  Seed Biology.  Academic Press, New
York.

Reference discusses seed development, dispersal, and germination.  Early
reference with particular application for woody species.

Keywords: seed, development seed dispersal, seed germination, shrubs, and
trees.

179.  Kruckeberg, A.R.  (1982).  Gardening with Native Plants of the Pacific
Northwest.  University of Washington Press, Seattle. 252 pp.

This reference provides layman information on propagating native plants in a
garden or landscaping setting but does have useful information for propagation
from seed.

Keywords: seed germination and propagation.

180.  Kruckeberg, A.R.  (1997).  Gardening with Native Plants of the Pacific
Northwest.  Second Edition.  Douglas and McIntyre Publishers, Vancouver.  288
pp.

This reference is an update of the edition and provides layman information on
propagating native plants in a garden or landscaping setting but does have useful
information on collecting seeds and on propagation from seed.

Keywords: seed germination and propagation.

181.  Kumar, V. and D.E.G. Irvine.  (1971).  Germination of seeds of Cirsium
arvense (L.) Scop.  Weed Research, 11, 200-203.

Keywords: seed germination and Cirsium arvense (L.) Scop.
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182.  Kutka, F.J.  (1997).  A comparison of hand and seed stripper harvest of
native plant seeds.  Restoration and Management Notes, 15, 2, 202-203.

Hand collection of Monardia fistulosa was slower in comparison to the seed
stripper but was just as effective when collecting Scirpus species.  The seed
stripper is best used with easily harvested-species or in situations where the
seed supply is large and/or valuable to the collector.  The seed stripper needs to
be run at slow speeds in low-density vegetation and at high speeds in dense
material.  The seed stripper harvests best when the machine is faced into the
wind and when the stripper approaches from slightly below the seed head and is
then swept upwards.

Keywords: seed collection.

183.  Lange, D.E. and J. Lapp.  (1999).  Native plant restoration on the Going-
to-the-sun Road, Glacier National Park.  Revegetation with Native Species:
Proceedings, 1997 Society for Ecological Restoration Annual Meeting, November
12-15, 1997, Fort Lauderdale, Florida.  (L.K. Holzworth and R.W. Brown,
Compilers).  Report RMRS-P-8. United States Department of Agriculture, Forest
Service, Rocky Mountain Research Station, Ogden.  pp. 22-27.

Since 1991, 53 acres of roadside vegetation and soil were removed along
sections of the historic Going-to-the-Sun Rod during road rehabilitation activities.
Restoration strategies used indigenous plant material to re-establish plant cover,
prevent erosion, compete with exotics, and improve aesthetics.  From several
hundred collections, simple seed mixes were created that included early
colonisers and late seral species.  Native forbs, shrubs, and trees were
propagated as bareroot and containerized material.  Grass was sown as seed
and increased to larger quantities with offsite seed production plantings.
Revegetation incorporated a combination of plant and soil salvage, seeding,
implanting, and natural regeneration.  The monitoring program was used to
assess results and to help make decisions about species selection, seeding
rates, successional strategies, and realistic objectives for restoration.  Permanent
line-intercept transects were used for monitoring.

Keywords: forbs, grasses, seed collection, seeding rates, and shrubs.

184.  Landis, T.D., and R.K. Dumroese.  (2000).  Propagation protocols on the
native plant network.  Native Plants Journal, 1, 2, 112-114.

The demand for native plants continues to increase, but published information on
how to propagate natives is extremely limited.  A wealth of propagation
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knowledge and experience exists in native plant nurseries, but there is not an
easy way to share it.  The Native Plant Network on the Internet offers basic
propagation information as well as a searchable database of plant production
protocols.  An easy-to-use data form allows growers to submit propagation
information as well as update it as new information becomes available.

Keywords: database, Internet, nursery, seedlings, and native plants.

185.  Laude, H.M.  (1949).  Delayed germination of California oatgrass,
Danthonia californica.  Agronomics Journal, 41, 404-408.

Keywords: seed germination and Danthonia californica.

186.  Leadem, C.L.  (1981).  Lodgepole pine seed extraction.  High-quality
Collection and Production of Conifer Seed.  Proceedings of a Workshop held
November 14, 1979, in Edmonton, Alberta.  (R.F. Huber, Compiler).  Information
Report NOR-X-325.  Environment Canada, Canadian Forest Service, Northern
Forestry Research Centre, Edmonton.  pp. 64-72.

Several quick methods for determining seed quality are discussed.  The
biochemical and physiological basis and general methodology for the tetrazolium
chloride, the hydrogen peroxide, and the x-ray contrast methods are described.
The quick tests were performed on seeds of five coniferous species from British
Columbia, and then the tests were compared for their ability to predict
germination percentages obtained in a standard germination test.  Of the three
quick tests, the x-ray contrast predictions most often agreed with standard
germination test results.  As well, the versatility of x-rays for monitoring the
collection, processing and damage of seeds was examined.

Keywords: seed testing and trees.

187.  Leadem, C.L.  (1984).  Quick Tests for Tree Seed Viability.  Province of
British Columbia, Ministry of Forests, Victoria.  45 pp.

Tree seed quality is usually assessed by means of a standard germination test
requiring a minimum of three weeks.  With stratification, the test can take six
weeks or longer.  The purpose of this manual is to document the procedures of
four quick tests commonly used for tree seeds – the hydrogen peroxide,
tetrazolium, x-ray, and x-ray contrast tests.  No single quick test is the best in all
situations and each has its own advantages and disadvantages.  Of the four
tests, the hydrogen peroxide method is the only one that actually measures
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growth.  Its primary advantages are objectivity and simplicity, and since it
requires fewer man-hours and less equipment than most other viability tests, it is
also the least expensive.  The tetrazolium test focuses directly upon the physical
and physiological condition of the embryo and endosperm.  Since results can be
obtained within 8 to 24 hours, tetrazolium is faster than all quick tests except the
x-ray method.  Its principal drawback is the difficulty in standardisation, since it
relies heavily upon the expertise and intuition of the experienced analyst.  The x-
ray method is the most rapid of the quick tests discussed.  Because only a few
minutes are required to produce a x-ray image, a large number of seeds can be
examined in a short period of time.  The x-ray test is based upon the physical
condition of the seeds but when the seeds are treated with contrasting agents,
some physiological assessments can be made.  Quick tests usually estimate
viability based on traits other than emergence and growth, and because they are
performed without consideration for environmental factors, they may only
approximate actual germination in the laboratory or in the greenhouse.

Keywords: seed germination and seed testing.

188.  Leadem, C.L.  (1986).  Stratification of Abies amabilis seeds.  Canadian
Journal of Forest Research, 16, 4, 755-760.

Keywords: seed pre-treatment and seed germination.

189.  Leadem, C.L.  (1987).  The role of plant growth regulator in the germination
of forest tree seeds.  Plant Growth Regulators, 6, 61-93.

Keywords: seed pre-treatment and seed germination.

190.  Leadem, C.L.  (1987).  Stratification and Quality Assessment of Abies
lasiocarpa Seeds.  Forestry Canada and British Columbia Ministry of Forests
Economic and Regional Development Agreement FRDA, Queens Printer,
Victoria.  18 pp.

Several seed sources of Abies lasiocarpa were subjected to various stratification
treatments.  Germination, moisture content, respiration and protein content were
monitored during stratification and incubation at three thermoperiods (15oC/10oC,
25oC/15oC, and 30oC/20oC).  Germination was greatest when moisture content
was reduced to 30-35% during the stratification period (stratification-redry
treatment).  Germination was not enhanced by the stratification-redry treatment
in the non-dormant and poor quality seedlots, but the seeds were less subject to
mould during chilling.
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Among the three thermoperiods, germination was lowest when seeds were
incubated at 15oC/10oC.  Under this cool regime, the best response was
achieved when seeds received the stratification-redry treatment.  At 30oC/20oC,
seeds also germinated best when given the stratification-redry treatment.
However, if seeds were incubated at 25oC/15oC, they germinated as well with 8-
week stratification as with stratification-redry.

Seed performance was related to seed respiration and storage protein levels.
Potentially, both measures could be developed as quantifiable indices of seed
vigour.  All seed sources exhibited significantly lower respiration rates during
stratification and incubation when given the stratification-redry treatment.  Total
storage protein did not change appreciably during stratification but tended to be
significantly lower in poor quality seeds.

Keywords: Abies lasiocarpa, seed dormancy, seed germination, seed protein,
seed quality, seed respiration, subalpine fir, stratification, and temperature.

191.  Leadem, C.L.  (1988).  Improving Dormancy Release and Vigour of Abies
lasiocarpa.  Project No. 2.41.  Economic and Regional Development Agreement,
British Columbia FRDA Research Memo, No. 40. Research Branch, British
Columbia Ministry of Forests, Victoria.  4 pp.

The objective of this study was to improve nursery production in order to grow
high quality subalpine fir seedlings in sufficient numbers to meet reforestation
demands. Five points were summarised in the results. Germination and seed
health improves when seed moisture is controlled during long stratification. High
seed moisture is detrimental during prolonged chilling High moisture contents
result in increased respiration and burning of seed reserves which otherwise
would be available to support germination. Seed protein content is associated
with seed quality.  Poor quality seeds contain less protein reserves.

Keywords: seed germination, seed respiration, and tree.

192.  Leadem, C.L.  (1988).  Dormancy and vigour of tree seeds.  Proceedings,
Combined Meeting of the Western Forest Nursery Associations, August 8-11,
1988, Vernon, British Columbia. (T. Landis, Editor).  General Technical Report
RM-167.  United States Department of Agriculture, Forest Service, Rocky
Mountain Forest and range Experiment Station, Fort Collins.  pp. 4-9.

Seed vigour has been shown to be related to germination rate, seed protein
levels, and seed respiration, each of which have potential for the development of
quantifiable indexes of seed vigour.  This paper discusses tree dormancy and
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vigour with specific references to the true firs (Abies).  The benefits of a modified
stratification method – the stratification-redry technique are outlined.
Physiological measurements are described with some examples of how they may
be applied to assess seed vigour.  Especially promising for the development of
seed vigour indexes are low temperature stress tests, germination rates, seed
respiration and seed reserve levels.

Keywords: seed germination, seed vigour, and trees.

193.  Leadem, C.L.  (1993).  Seed germination and temperature requirements of
white spruce (Picea glauca) and Douglas Fir (Pseudotsuga menziesii).
Proceedings of the Joint Meeting of the British Columbia Seed Dealer’s
Association and the Western Forest and Range Seed Council, June 2-4, 1993,
Vernon, British Columbia.  (F.T. Portlock, Compiler).  Forestry Canada and
British Columbia Ministry of Forests, Victoria.  Abstract.  pp. 40.

This article reports on the effects of temperature and of systematic surveys
planned for all major British Columbia conifers to investigate the effects of
temperature and other factors on seed germination.  Seeds from a single high
quality seed source of white spruce received 4 stratification duration treatments
(0, 3, 6 and 12 weeks) and were then germinated under 16oC, 24oC and 32oC
constant temperature regimes.  Seeds germinated best at 24oC, and at this
temperature, no difference in germination response was recorded for the 0, 3 and
6-week stratification treatments.  At the sub-optimal temperature of 16oC, 3 to 6
weeks stratification was required for best performance.  Germination was poor
under the 32oC constant temperature regime for all stratification treatments.

Four seed sources of Douglas fir ranging from 49o to 56o latitude were stratified
for 3 weeks at 2oC, then incubated at 15oC, 20oC, 25oC and 30oC.  At constant
20oC, seeds from all latitudes germinated most quickly and completely.
Germination of seeds from higher latitude sources (53-56o) tended to decline
proportionately more at warmer temperatures than seeds collected from lower
latitudes (49-52o).

Keywords: seed germination and seed stratification.

194.  Leadem, C.L.  (1997).  Dormancy - unlocking seed secrets.  National
Proceedings, Forest and Conservation Nursery Associations. General Technical
Report PNW-GTR-419. (T.D. Landis and J.R. Thompson, Technical Co-
ordinators).  United States Department of Agriculture, Forest Service, Pacific
Northwest Research Station, Portland.  pp. 43-52.
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Knowledge of the reason(s) why seeds are dormant may offer clues about what
seeds need for dormancy release.  An evaluation of the habitat in which a
particular species is found also may point to the most effective dormancy-
breaking treatment if the requirements for a particular species are unknown.
Dormancy may be due to unfavorable climatic conditions, immaturity, a light
requirement, genetic variation, or protection against predation.  Depending upon
the type of dormancy, stratification, light, leaching, scarification, growth
regulators, or high O2 concentrations may be used to promote germination.
Treatments such as stratification may have to be modified to meet the particular
physiological requirements of different species.

Keywords: seed dormancy, seed germination, and trees.

195.  Leadem, C.L., S.L. Gillies, H.K. Yearsley, V. Sit, D.L. Spittlehouse and
P.J. Burton.  (1997).  Field Studies of Seed Biology.  Land Management
Handbook 40.  Research Program, British Columbia Ministry of Forests, Victoria.
213 pp.

The primary objective of the manual is to detail methods that have been obtained
from the literature and is directed primarily to researchers in British Columbia.
The manual is arranged by subject areas most often associated with field studies
of tree seeds: (1) planning and organising a field study, (2) setting up an
environmental monitoring program for the experimental site (3) natural seed
production, (4) seed dispersal, (5) seed predation, (6) seed banks, (7) assessing
seed quality and viability, and (8) effects of silvicultural practices on emergence.

Keywords: seed dispersal, seed germination, seed predation, seed quality, and
seed viability.

196.  Lee, S.A., B.M. Cregg and C. Fleege.  (1995).  Propagation of Juniperus:
challenges to propagation and opportunities for improvement.  National
Proceedings, Forest and Conservation Nursery Associations.  General Technical
Report PNW-GTR-365.  (T.D. Landis and B. Cregg, Technical Co-ordinators).
United States Department of Agriculture, Forest Service, Pacific Northwest
Research Station, Portland.  pp. 47-51.

Production of Juniperus species in forest and conservation nurseries is often
limited due poor or erratic seed germination.  Poor seed germination of Juniperus
may be due to several factors, including a high proportion of dead, unfilled, or
immature seed, seed-coat dormancy and embryo dormancy.  The germination
rate of seed sown may be increased through seed quality testing and treating
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seed to overcome dormancy.  Methods to separate seed, and improve seed
quality and pre-treatment techniques to overcome dormancy are discussed.

Keywords: seed dormancy and seed germination.

197.  Link, E.  (Editor).  (1993).  Native Plant Propagation Techniques for
National Parks – Interim Guide.  Rose Lake Materials Centre, East Lansing.  240
pp.

This reference provides plant propagation information for the following species
that occur in British Columbia.  The forb species described include Achillea
millefolium, Anaphalis margaritacea, Aquilegia formosa, Dicentra formosa,
Hieracium albiflorum, Lupinus latifolius, Lupinus sericeus.  The grass species
described include Bromus carinatus, Bromus vulgaris Danthonia californica,
Danthonia intermedia, Elymus elymoides, Elymus glaucus, Festuca viridula, and
Stipa occidentalis.  The shrubs described include Physocarpus malvaceus,
Potentilla fruticosa, Ribes cereum, Rubus parviflorus, Shepherdia canadensis,
and Vaccinium membranaceum.

Keywords: propagation, seed collection, seed germination, and seedling.

198.  Lippitt, L.A.  (1993).  Three quick seed evaluation methods – a
comparison.  Restoration and Management Notes, 11, 2, 172.

Three seed evaluation techniques – seed cutting, x-rays and staining were
compared.  The cutting test involves one of the most useful seed evaluations
available.  The process involves taking a representative sample of seed, slicing
them longitudinally with a single-edged razor blade and inspecting the contents
with a hand lens.  X-ray analysis offers a useful means to evaluate seeds if
access to the specialised equipment is available.  The tetrazolium (TZ) staining
test relies on the fact that living tissue turns red when exposed to a colourless
tetrazolium.  The procedure requires slicing the seeds to expose the inner tissue
and then soaking them in TZ solution for 24 – 48 hours.  While none of the
evaluation techniques described can fully substitute for a standard germination
test, they are more rapid and offer a means for evaluating seed quality during the
early stages of seed collection, processing and interim storage.  The cutting test
is recommended for its ease of use in the field.

Keywords: seed germination and viability tests.
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199.  Lippitt, L., M.W. Fidelibus and D.A. Bainbridge.  (1994).  Native seed
collection, processing, and storage for revegetation projects in the western
United States.  Restoration Ecology, 2, 2, 120-131.

The foundation of a successful revegetation or restoration program is quality
native seed.  This requires careful collection, processing, and storage.  Mature
seed should be collected from healthy, local stands with a sufficiently broad
genetic base.  Careful identification of the site characteristics and seed-lot
tracking are essential.  Yearly variation in seed production and seed quality can
be very high, and an early determination of seed quality can prevent expensive
failures.  Non-destructive evaluation using X-rays is effective and economical, but
techniques such as staining, inspection, and germination tests can also be
helpful.  Cleaning, dewinging, and upgrading seed before storage can (1) reduce
weight and bulk, (2) improve storage life, (3) increase germination, and (4) make
greenhouse production and field planting easier and more economical.  The
seeds of many native plants can loose their viability quickly if they are not stored
under controlled conditions.  Seeds in storage must also be protected from
rodents, pest, and disease.  Dormancy is common in the seeds of many native
species, and experimentation is often necessary to determine the best way to
break seed dormancy.  This can be complicated by year-to-year and plant-to-
plant variation.

Keywords:  restoration, revegetation, seed cleaning, seed collection, and seed
germination.

200.  Luna, T.  (2001).  Propagation protocol for Devil’s Club (Oplopanax
horridus). Native Plants Journal, 2, 2, 106-108.

Devil’s club is propagated at the Glacier National Park Native Plant Nursery for
restoration projects in the Avalanche Creek drainage.  At Glacier National Park
Native Plant Nursery, seeds are placed in a 72-hour running water soak to
remove any inhibitors and fully imbibe seeds before stratification.  Freshly
harvested seeds are treated with a 400-day stratification that includes 100-day
long periods of alternating warm-moist (1oC) stratification beginning with the
warm-moist treatment.  Seeds germinate after the second cold-moist
stratification.  Initial establishment and growth of seedlings is slow.

Keywords: propagation, seed germination and stratification.

201.  Madsen, E.  (1986).  Handbook for Home-made Equipment.  Published by
the International Seed Testing Association, Zürich.  177 pp.
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This handbook contains descriptions, sketches and photographs of various seed
testing equipment designed and manufactured as seed testing stations, but not
marketed by commercial companies.  The descriptions are sufficiently detailed
for use in local production of the equipment described.

Keyword: seed testing.

202.  Madsen, E. and N.E. Langkilde.  (Editors).  (1988).  Cleaning of
Agricultural and Horticultural Seed on Small-scale Machines.  Part 1.  Published
by the International Seed Testing Association, Zürich.  126 pp.

The purpose of this handbook is to assist seed processors as well as seed
testers when handling seeds after harvest.  The handbook makes available
world-wide the expert knowledge and experience of specialists.  Part 1 is a
theoretical reference and starts with an introductory chapter that is followed by
chapters on grading properties of seeds, handling and cleaning of seeds, and
descriptions and drawings of small-scale cleaning machines.

Keyword: seed cleaning.

203.  Madsen, E. and N.E. Langkilde.  (Editors).  (1988).  Cleaning of
Agricultural and Horticultural Seed on Small-scale Machines.  Part 2.  Published
by the International Seed Testing Association, Zürich.  117 pp.

The purpose of this handbook is to assist seed processors as well as seed
testers when handling seeds after harvest.  The handbook makes available
world-wide the expert knowledge and experience of specialists.  Part 2 contains
117 working sheets with instructive descriptions for the cleaning of 117 of the
most commonly cultivated seed species from temperate, subtropical and tropical
areas.

Keyword: seed cleaning.

204.  Mahler, D.  (1989).  New device speeds seed harvest.  Restoration and
Management Notes, 6, 1, 23.

Keywords: seed collection.

205.  Mahler, D.  (1990).  Large-scale use of wild harvested local seed.
Proceedings:  High Altitude Revegetation Workshop No. 9.  (W.R. Keammerer
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and J. Todd, Editors).  Colorado Water Resources Research Institute,
Information Series No. 63, Colorado State University, Fort Collins.  pp. 7-10.

A number of harvesting devices have been developed over the years with
intermediate characteristics.  Seed strippers, ranging from home-made wooden
horse drawn boxes to manufactured modern tractor drawn pieces have been
used primarily for the harvest of chaffy grasses.

Environmental Survey Consulting developed a small box-like attachment for a
rotary line trimmer (weed-eater) that collects the material cut during operation.
The aluminium box attaches to the shaft and surrounds the cutting head of the
trimmer.

Keywords: seed production and seed collection.

206.  Majerus, M.  (1996).  Collection and production of indigenous seed for
national park restoration projects.  High Altitude Revegetation Workshop No. 12.
(W.R. Keammerer, Editor).  Information Series No. 83.  Colorado Water
Resources Research Institute, Colorado State University, Fort Collins.  pp. 170-
179.

The United States National Park Service has made a commitment to restore all
disturbances within their park boundaries by salvaging and restoring topsoil and
identifying, collecting, producing and replanting native indigenous plant material.
With this commitment comes the task of defining the limits of a genotype, setting
allowance limits on natural selection and genetic drift of material produced
remote to the parks, and defining what type of plant community is a stable,
acceptable end product.

Yellowstone National Park (YNP) collections are made within the park
boundaries and usually within 8 to 10 kilometres of the project site; while in
Glacier National Park (GNP), seed is collected from within the park as well as
from adjacent Forest Service land within the same habitat types and drainage.

Seed collection within the National Parks can only be done by hand or using
backpack vacuums.  Seed collection costs range from $40.00/kg for large
seeded grass species to $200.00/kg for some of the forbs.

Seed production fields using the seed collected in the parks are established at
the Bridger PMC.  The seed production field is established by seeding 1-
metrespaced rows at a rate of 90 PLS per linear row.  The seed produced is
used in the park restoration programs.
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Several seed mixtures have been developed for different vegetation types.  The
GNP alpine mix includes Aster laevis, Carex haydeniana, Deschampsia
atropurpurea, Erythronium grandiflorum, Phleum alpinum, Poa alpina, Poa
gracillima, Senecio triangularis, and Sibbaldia procumbens.  The GNP Fescue
Grasslands seed mix includes Bromus marginatus, Elymus trachycaulus,
Festuca campestris, Festuca idahoensis, Gaillardia aristata, Geranium
viscossimum, Hedysarum boreale, Koeleria macrantha, Potentilla gracilis,
Pseuoroegneria spicata, and Solidago canadensis.  The GNP Cedar/Hemlock
mix includes Achillea millefolium, Bromus marginatus, Calamagrostis rubescens,
Deschampsia cespitosa, Elymus glaucus, Penstemon albertinus, Penstemon
confertus, Rosa woodsii, and Symphoricarpos albus.  The YNP – Lodgepole Pine
Forest mix includes Achillea millefolium, Agrostis scabra, Bromus marginatus,
Elymus elymoides, Elymus trachycaulus, Eriogonum umbellatum, Lupinus
sericeus, Phacelia hastata, Poa ampla, and Potentilla gracilis.  The YNP –
Northern Grasslands seed mix contains Achillea millefolium, Bromus anomalus,
Leymus cinereus, Linum lewisii, Pascopyrum smithii, Potentilla fruticosa, Stipa
comata, and Stipa viridula.  The YNP – Wetlands seed mix includes Agrostis
scabra, Deschampsia cespitosa, Elymus trachycaulus, Gentiana detonsa, and
Pedicularis groenlandica.

Test plots (YNP) and monitoring transects (GNP) were established to monitor
restoration success and successional progress.

Keywords: field trial, forb, seed collection, seed productions, and shrub.

207.  Majerus, M.  (1999).  Collection and production of indigenous plant
material for National Park restoration.  Revegetation with Native Species:
Proceedings, 1997 Society for Ecological Restoration Annual Meeting; November
12-15, 1997, Fort Lauderdale, Florida.  (L.K. Holzworth and R.W. Brown,
Compilers).  Report RMRS-P-8. United States Department of Agriculture, Forest
Service, Rocky Mountain Research Station, Ogden.  pp. 17-21.

The National Park Service in the United States is taking a “restoration” approach
to re-establishing native plant communities by salvaging topsoil and by seeding
and planting native indigenous plant materials.  In this way, they are making
every effort to protect the genetic integrity of the often-unique native plant
resource.  Since 1985, Yellowstone and Glacier National Parks have been
working with the United States Department of Agriculture Natural Resources
Conservation Service, Plant Materials Centre in Bridger, Montana, to identify
native species from which seed can be readily collected, propagated on a large
scale, and successfully re-established on disturbed roadsides.  Early colonisers
are utilised for initial protection and stabilisation, but late seral species are added
to mixtures to add longevity to developing plant communities.
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The graminoid species collected and seeded include: Agrostis scabra, Bromus
marginatus, Deschampsia cespitosa, Elymus elymoides, Elymus trachycaulus,
Festuca idahoensis, Poa spp., Elymus glaucus, Pseudoroegneria spicata, Stipa
nelsonii, and Stipa richardsonii.

The forb species collected and seeded include: Achillea millefolium, Anaphalis
margaritacea, Geranium viscossimum, Heterotheca villosa, Lupinus spp.,
Penstemon spp., Phacelia hastata, Potentilla spp., and Solidago spp.

Keywords: native plants, propagation, roadsides, seed collection and seral
species.

208.  Marchand, P.J. and D.A. Roach.  (1980).  Reproductive strategies of
pioneering alpine species: seed production, dispersal and germination.  Arctic
and Alpine Research, 12, 137-146.

Keywords: seed production.

209.  Marchant, C. and J. Sherlock.  (1984).  A Guide to the Selection and
Propagation of Some Native Woody Species for Land Rehabilitation in British
Columbia.  Research Report RR84007-HQ.  British Columbia Ministry of Forests,
Research Branch, Victoria.  91 pp.

Excellent reference that summarises the availability, collection, extraction,
storage, seed dormancy and dormancy breaking requirements for seed
germination of several woody species found in British Columbia.  The species
described include Acer glabrum, Alnus viridus, Amelanchier alnifolia, Betula
papyrifera, Ceanothus sanguineus, Cornus sericea, Crataegus douglasii,
Lonicera involucrata, Mahonia aquifolium, Philadelphus lewisii, Physocarpus
malvaceus, Prunus emarginata, Prunus virginiana, Ribes lacustre, Rosa
acicularis, Rosa gymnocarpa, Rubus parviflorus, Rubus spectabilis, Salix
bebbiana, Sambucus racemosa, Shepherdia canadensis, Sorbus sitchensis,
Spirea douglasii, and Symphoricarpos albus.

Keywords: seed collection, seed storage, and seed germination.

210.  Martin, A.C. and W.D. Barkley.  (2000).  Seed Identification Manual.  The
Blackburn Press, Caldwell.  221 pp.

This is an excellent reference for the morphological description of seeds.
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Keywords: morphology and seed.

211.  Mayer, A.M.  (1986).  How do seeds sense their environment?  Some
biochemical aspects of the sensing of water potential, light and temperature.
Israeli Journal of Botany, 35, 3-16.

Keywords: seed germination.

212.  Mayer, A.M. and A. Poljakoff-Mayber.  (1989).  The Germination of
Seeds.  Fourth Edition.  Pergammon Press Canada Limited, Toronto.

Keywords: seed germination.

213.  McDonald, M.B. and L.O. Copeland.  (1999).  Seed Science and
Technology: Laboratory Manual.  Kluwer Academic Press, Dordrecht.  232 pp.

A hands-on laboratory manual that contains information that describes seed
collection, processing, storage, viability and germination.  This book is an
accompanying reference to Principles of Seed Science and Technology authored
by Copeland and McDonald (1999).

Keywords: laboratory manual, seed collection, seed processing, seed storage,
seed viability and seed germination.

214.  McDonough, W.T.  (1969).  Effective treatments for the induction of
germination in mountain rangeland species.  Northwest Science, 43, 1, 18-22.

Keywords: seed germination.

215.  McDonough, W.T.  (1975).  Germination polymorphism in Grindelia
squarrosa (Pursh) Dunal.  Northwest Science, 49, 190-200.

Keywords: seed germination.

216.  McDonough, W.T. and R.O. Harniss.  (1974).  Effects of temperature on
germination in three subspecies of big sagebrush.  Journal of Range
Management, 27, 3, 204-205.
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Keywords:  seed germination and sagebrush.

217.  McDonough, W.T. and R.O. Harniss.  (1974).  Seed dormancy in
Artemisia tridentata subspecies vaseyana.  Northwest Science, 48, 1, 17-20.

Keywords:  seed dormancy and Artemisia tridentata subspecies vaseyana

218.  McDonough, W.T. and R.O. Harris.  (1974).  Seed dormancy in Artemisia
tridentata Nutt. subspecies vaseyana Rydb.  Northwest Science, 48, 1, 17-20.

Dormancy in achenes of Artemisia tridentata Nutt. Subspecies Vaseyana Rydb.
(mountain big sagebrush) is partially relieved by light, gibberellic acid, or acid
scarification and is almost completely relieved by removal of the pericarp.
Dormancy in this subspecies is interpreted in terms of the balance between
embryo growth and pericarp resistance to this growth.

Keywords: seed dormancy, seed germination, and scarification.

219.  McGinnes, W.J.  (1960).  Effects of moisture stress and temperature on
germination of six range grasses.  Agronomy Journal, 52, 159-162.

Keywords: seed germination.

220.  McLean, A.  (1967).  Germination of forest range species from southern
British Columbia.  Journal of Range Management, 20, 321-322.

In the laboratory, seed of 10 out of 25 forest range shrubs and herbs germinated
without either scarification or stratification.  Stratification was required for 5
species and improved the germination of 10 others.  Seventeen species
germinated at 1oC after prolonged stratification; this characteristic would enable
seedlings to become established ahead of tame grasses seeded in the spring.

Keywords: seed germination.

221.  McTavish, B. and T. Shopik.  (1983).  Propagation and use of native
woody plants in northern latitudes.  Reclamation of Lands Disturbed by Mining.
Proceedings of the Seventh Annual British Columbia Mine Reclamation
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Symposium.  Technical Research Committee on Reclamation, Mining
Association of British Columbia, Victoria.  pp. 159-181.

Native species propagation from seed is limited by hard-seededness and embryo
dormancy.  Hard-seededness can be overcome by (1) chemical scarification with
sulphuric acid or (2) mechanical scarification with and abrasive substance.
Embryo dormancy can be overcome with (1) a gibberellic acid soak, (2)
potassium nitrate, (3) kinetin, (4) thiourea, or (5) cold moist stratification at 2-5oC.

Keywords: seed dormancy, seed germination, scarification, and stratification.

222.  McWilliams, E.L., R.Q. Landers and J.P. Mahlstede.  (1968).  Variation in
seed weight and germination in populations of Amaranthus retroflexus L.
Ecology, 49, 290-296.

Keywords: seed germination.

223.  Meyer, S.E.  (1992).  Habitat-correlated variation in Firecracker Penstemon
(Penstemon eatonii Gray: Scropulariaceae) seed germination response.  Bulletin
of the Torrey Botanical Club, 119, 268-279.

Keywords: seed germination.

224.  Meyer, S.E., J. Beckstead, P.S. Allen and H. Pullman.  (1995).
Germination ecophysiology of Leymus cinereus (Poaceae).  International Journal
of Plant Science, 156, 2, 206-215.

We studied seed germination responses of 41 collections of Leymus cinereus
(basin wildrye), a native perennial bunchgrass widely distributed in western North
America.  Collections made in 1987 and 1988 were largely non-dormant in mid-
autumn but relatively slow to germinate at optimal temperatures (mean
germination time 6-16 days).  Seeds germinated more quickly after a 2-wk
chilling pre-treatment (mean germination time 2-11 days).  Mean germination
time under conditions simulating prolonged snowpack (1oC) varied among
collections from 6 to 12 wk and was negatively correlated with mean January
temperature at the collection site.  In dry-after ripening experiments with four
1992 collections, seeds showed only minor change in germination rate and
percentage after time in dry storage, unlike seeds of Bromus tectorum
(cheatgrass and Elymus elymoides (squirreltail), which are facultatively fall-
emerging.  Field retrieval studies showed that L. cinereus seeds did not
germinate in autumn even under conditions that triggered complete germination
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of B. tectorum and E. elymoides.  Thus L. cinereus is primarily a spring-emerging
species even though its seeds are mostly non-dormant at dispersal.  Its failure to
germinate more quickly as a consequence of time in dry storage protects it from
fall emergence under most weather scenarios.  Timing of germination under
snowpack is keyed to site-specific variation in snowpack duration, ensuring rapid
emergence in very early spring.  These results show the importance of rate as a
mechanism that regulates germination phenology under semiarid conditions.

Keywords: grass and seed germination.

225.  Meyer, S.E., S.B. Debaene-Gill and P.S. Allen.  (2000).  Using
hydrothermal time concepts to model seed germination response to temperature,
dormancy loss and priming effects in Elymus elymoides.  Seed Science
Research, 10, 213-223.

Keywords: seed germination.

226.  Meyer, S.E., and S.G. Kitchen.  (1994).  Life history variation in blue flax
(Linum perenne: Linnaceae): seed germination phenology.  American Journal of
Botany, 81, 5, 528-535.

Linum perenne is a non-clonal perennial herb widely distributed across a range
of habitats.  Variation in seed germination patterns was examined for 21
Intermountain collections and for the commercial cultivar ‘Appar’.  Collections
from sites with long, snowy winters were largely dormant at harvest and
responded positively to chilling.  Collections from middle elevation sagebrush-
grassland sites were generally non-dormant and contained a fraction induced
into secondary dormancy by chilling.  Collections from palouse prairie and
pinyon-juniper sites were generally non-dormant and unaffected by chilling, as
was ‘Appar’.  When seeds of contrasting populations were planted in seed
retrieval experiments at low, middle, and high elevation sites, their field
germination phenology was predictable from laboratory experiments.  In common
garden experiments, there were significant among-sibship differences in
germination for each garden-grown wild accession but not for “Appar’, suggesting
that differences both among and within populations may be genetically based.
Garden-grown seeds were generally less dormant than wild-collected seeds,
possibly because of selection during propagation.  Results demonstrated the
existence of ecologically relevant among-population and within-population
variation in germination phenology for blue flax.  Seeds of high-montane
populations emerge in the spring and have little provision for between-year
carryover.  Populations from lower elevation habitats with less predictable
weather have seeds with contrasting germination patterns, allowing for
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emergence in both fall and spring as well as for seed bank carryover.  ‘Appar’
seeds lack these predictive and carryover mechanisms.

Keywords: forb and seed germination.

227.  Meyer, S.E., and S.G. Kitchen.  (1995).  First the seed: a restorationist’s
perspective.  Hortus West, 6, 2, 4-8.

This article is a discussion paper that describes the importance of understanding
genetic differences in wildland seed and seed collections. Information on seed
source selection, seed collection and cleaning and field seed increase, and
nursery propagation practices are described.

Keywords: propagation, seed cleaning, and seed collection.

228.  Meyer, S.E. and S.B. Monsen.  (1991).  Habitat-correlated variation in
mountain big sagebrush (Artemesia tridentata ssp. vaseyana) seed germination
patterns.  Ecology, 72, 739-742.

Keywords: seed germination.

229.  Meyer, S.E., E.D. McArthur and G.L. Jorgensen.  (1989).  Variation in
germination response to temperature in rubber rabbitbrush (Chrysothamnus
nauseosus: Asteraceae) and its ecological implications.  American Journal of
Botany, 76, 7, 981-991.

Seed collections from 72 rubber rabbitbrush populations occupying a range of
habitats in western North America were incubated at 3oC in the laboratory.
Collections from warm desert habitats required less than 2 weeks to achieve
90% relative germination under these conditions, while collections from montane
habitats showed delayed germination requiring up to 20 weeks.  When 13
representative collections were incubated at constant temperatures from 5 to
30oC, all germinated completely at 30oC within 4 weeks.  Collections from warm
desert habitats germinated rapidly over the whole range of temperatures.
Montane collections sometimes exhibited dormancy at intermediate temperatures
(15 and 25oC) even though they were ultimately able to germinate at lower
temperatures.  Results suggest that dormancy is conditional and temperature-
dependent in this species.  Chilling the seeds extends the temperature range for
germination downward to include the chill temperature itself.  Germination
response to temperature and its variation as a function of habitat are of apparent
adaptive significance, serving to time germination so that the probability of
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seedling survival is maximised in each habitat.  Within populations, response to
temperature varied as a function of year of harvest and of within-year harvest
date, indicating that germination patterns are probably not under rigid genetic
control but represent an integration of genetic and environmental factors.

Keywords: forb, seed collection, and seed germination.

230.  Meyer, S.E. and S.B. Monsen.  (1992).  Big sagebrush germination
patterns: subspecies and population differences.  Journal of Range
Management, 45, 1, 87-93.

Habitat-correlated differences in laboratory germination response under autumn
(15oC) and winter (1oC) temperature regimes were examined for 69 big
sagebrush (Artemisia tridentata Nutt., Asteraceae) seed collections from a range
of habitats in 7 western states.  Mountain big sagebrush (ssp. vaseyana)
exhibited the widest variation in dormant seed percentage and germination rate
at 15oC.  Collections from severe winter sites had larger dormant seed fractions
and slower germination rates than collections from mild winter sites.  Basin big
sagebrush (ssp. tridentata) and Wyoming big sagebrush (ssp. wyomingensis)
collections were largely non-dormant and germinated quickly at 15oC regardless
of collection site winter climate.  At 1oC, number of days to 50% of total
germination was negatively correlated with collection site mean January
temperature for all 3 subspecies.  Collections from severe winter sites required
up to 113 days to germinate to 50% at 1oC, while collections from mild winter
sites required as few as 6 days.  Habitat-correlated variation in germination
response appears to be of adaptive significance.  Dormancy and slow
germination at 15oC may prevent germination during autumn storms in the
mountains while delayed germination at continuous 1oC may prevent precocious
germination under snowpack.  In contrast, at mild winter sites, winter germination
is promoted and probably affords the best chance for seedling survival.
Between-population variation in germination strategy should be considered when
artificially seeding this species.

Keywords: Artemisia tridentata, establishment ecology, intraspecific variation,
and seed germination.

231.  Meyer, S.E. and S.B. Monsen.  (1993).  Genetic considerations in
propagating native shrubs, forbs, and grasses form seed.  Proceedings Western
Forest Nursery Association, September 14-18, 1992, Fallen Leaf Lake,
California.  (T.D. Landis, Technical Co-ordinator).  United States Department of
Agriculture, Forest Service, General Technical Report RM-221.  Rocky Mountain
Forest and Range Experiment Station, Fort Collins.  pp. 47-54.
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Germination and emergence studies with native species important for wildland
restoration have demonstrated major genetic variation in seed and seedling
traits.  Habitat correlated differences between ecotypes have been documented
for many species.  Large between-plant differences within populations also
appear to be the norm based on recent studies.  Nursery propagators need to
consider this variation in both collection and propagation procedures, so that
outplanted populations will represent adapted ecotypes with a full range of within-
population variation.

Keywords: between-population, seed collection, seed cleaning, seed processing,
and within-population, and seed viability.

232.  Mezynski, P.R. and D.F. Cole.  (1974).  Germination of dandelion seed on
a thermogradient plate.  Weed Science, 22, 506-507.

Keywords: seed germination.

233.  Minore, D.  (1986).  Germination, Survival and Early Growth of Conifer
Seedlings in Two Habitat Types.  Research Paper PNW-348.  United States
Department of Agriculture, Forest Service, Pacific Northwest Research Station,
Portland.  25 pp.

Conifer seeds were sown in clearcut Abies amabilis/Achlys triphylla and Abies
amabilis/Vaccinium membranaceum/Xerophyllum tenax habitat types in the
McKenzie River basin in Oregon to determine ratios of seeds to established
seedlings.  Protection from animal predation and shade from stumps were
beneficial, but survival and growth did not differ significantly between habitat
types or among humus treatments.  Germination in the greenhouse was earlier
and more prolonged on soils from the Achlys type.

Keywords: field trial, habitat types, seed germination, seedling growth, and
seedling survival.

234.  Mirov, N.T. and C.J. Kraebel.  (1937).  Collection and Handling Seeds of
Wild Plants.  Research Note 18.  United States Department of Agriculture Forest
Service, California Forest and Range Experimental Station, Berkeley.  27 pp.

Keywords: seed collection.
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235.  Moench, R.D.  (1995).  Rocky Mountain juniper production at the Colorado
State Forest Service.  National Proceedings, Forest and Conservation Nursery
Associations.  General Technical Report PNW-GTR-365.  (T.D. Landis and B.
Cregg, Technical Co-ordinators).  United States Department of Agriculture,
Forest Service, Pacific Northwest Research Station, Portland.  pp. 52-53.

Seed dormancy limits Rocky Mountain juniper production.  The Colorado State
Forest Service has found summer sowing and “natural stratification” to be
beneficial.  Seed stratified in this way follows a “natural” soil method from Great
Plains and Northern Colorado seed sources.

Keywords: seed dormancy, seed germination, and seed stratification.

236.  Morgan, J.P. and D.R. Collicutt.  (1994).  Seed stripper harvesters:
efficient tools for prairie restoration.  Restoration and Management Notes, 12, 1,
51-54.

The article describes the use of a portable line stripper as a seed collecting
device.  The seed stripper is a modified gas-powered weed trimmer.

Keywords: seed collection.

237.  Morgan, J.P., D.R. Collicutt and J.D. Thompson.  (1995).  Restoring
Canada’s Native Prairies.  A Practical Manual for Prairie Habitats.  Argyle,
Manitoba.  84.

This manual provides prairie restoration knowledge to those planning small to
moderate scale prairie restoration projects.  Chapters cover topics such as the
reasons for prairie restoration, restoration planning requirements, species
selection, acquiring seeds, seed processing, native plant propagation, site
preparation, seeding strategies, alternative prairie restoration techniques and
special restoration sites.  Species information for southern Ontario and British
Columbia’s interior is presented in addition to that for the three Prairie Provinces.
A table of seed harvest dates provides a rough quideline of ripening dates for
over 90 grasses and wildflowers.  The manual is well illustrated throughout with
some interesting “before, during and after” restoration photos.  Of special use
and interest are the photos of over 70 native prairie seedlings to aid in
identification of emerging plantings.

Keywords:  seed collection, seed processing, and seeding.
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238.  Native Plant Societies.  (1997).  State and Provincial Native Plant
Societies.  Wildflower, 13, 4, 7.

Keywords: seed collection.

239.  Native Plant Working Group.  (2000).  Native Plant Revegetation
Guidelines for Alberta.  (H. Sinton-Gerling, Editor). Alberta Agriculture, Food and
Rural Development and Alberta Environment.  Edmonton.  65 pp.

This reference contains guidelines provide information about using native plant
materials throughout Alberta where the revegetation goal is to re-establish a
native plant community.  The book contains information on general revegetation
techniques and practices, revegetation monitoring as well as information on seed
certification, pure live seed (PLS), seed grade, and wild harvesting of seed.

Keywords: revegetation and seed collection.

240.  Neal, D.L. and H.R. Sanderson.  (1975).  Thiourea solution temperature
and bitterbrush germination and seedling growth.  Journal of Range
Management, 28, 5, 421-423.

Antelope bitterbrush (Purshia tridentata [Pursh] DC.) seed is commonly soaked
in a solution of thiourea to break seed dormancy for spring planting.  “Warm”
thiourea solutions have been reported to cause seedling deformities.  To
determine what range of “warm” temperature solutions can cause deformities,
four seed collections were treated at 18 temperatures (30oF to 200oF) in
increments of 10oF.  Normal germination and seedling growth resulted between
60oF and 140oF.  Below 60o rate of germination declined slightly, but seedling
growth was normal.  Seedling deformities began to show up above 140oF, and
germination decreased rapidly.  Deformities consisted of annular cracks around
the hypocotyls and detached root caps.  Solution temperatures between 60oF
and 140oF are recommended.

Keywords: seed dormancy, seed germination, and shrub.

241.  Nichols, G.E.  (1934).  The influence of exposure to winter temperatures
upon seed germination in various native American plants.  Ecology 15(4), 364-
373.

Keywords:  seed germination.
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242.  Nord, E.C.  (1963).  Bitterbrush seed harvesting: when, where, and how.
Journal of Range Management, 16, 5, 258-261.

Keywords: seed collection.

243.  Oberbauer, S and P.C. Miller.  (1982).  Effect of water potential on seed
germination.  Holarctic Ecology, 5, 218-220.

The response of seed germination to substrate water potential was determined
for several plant species of the arctic tundra.  Seeds were collected from Cape
Thompson and Eagle Summit, Alaska and germinated on dialysis membranes
over water solutions of polyethylene glycol with osmotic potentials of 0 to –6
bars.  Germination did not occur with potentials below –3 bars, except for three
fellfield species.  Germination was delayed at lower osmotic potentials.  Because
the response of most species was similar, substrate water potential is probably
not a factor affecting the establishment of most tundra plant species from seeds.

Keywords: seed collection and seed germination.

244.  Osborne, D.J.  (1983).  Biochemical control systems operating in the early
hours of germination.  Canadian Journal of Botany, 61, 3568-3577.

This article reviews the very early biochemical events during imbibition in seeds.
The review posits that the repair of DNA is one of the earliest biochemical events
to follow rehydration of the embryo.  As such, DNA repair lays the foundation for
the re-establishment of integrity of the genome.

Keywords: seed germination.

245.  Pahl, M.D. and A. Smreciu.  (1999).  Growing Native Plants of Western
Canada: Common Grasses and Wildflowers.  Alberta Agriculture, Food and Rural
Development and the Alberta Research Council, Edmonton.  118 pp.

This guide provides industry, government and the general public with information
about the production of native plants for reclamation, restoration and
landscaping.  The information includes general autecology information as well as
information on seedling characteristics, seed, seed harvesting methods, seed
maturaion timing and collection scheduling, and seed processing.   The grass
species that occur in British Columbia and are described include: Agropyron
trachycaulus, Agropyron violaceum, Bromus ciliatus, Deschampsia cespitosa,
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Festuca idahoensis, Festuca saximontana, Hierochloe odorata, Koeleria
macrantha, Poa alpina, Stipa comata, Stipa curtiseta, and Stipa viridula.  The
forbs that are described include Achillea millefolium, Aster ericoides, Astragalus
alpinus, Astragalus striatus, Campanula rotundifolia, Gaillardia aristata, Geum
triflorum, Glycyrrhiza lepidota, Hedysarum alpinum, Linum lewisii, Oxytropis
cusickii, Oxytropis deflexa, Oxytropis sericea, Oxytropis splendens, Solidago
canadensis, and Vicia americana.

Keywords: forbs, grasses, seed collection, seed germination, and seed
production.

246.  Pelton, J.  (1956).  A study of seed dormancy in eighteen species of high
altitude Colorado plants.  Butler University Botanical Studies, 13, 74-84.

Keywords: seed dormancy.

247.  Pettinger, A.  (1996).  Native Plants in the Coastal Garden.  A Guide for
Gardeners in British Columbia and the Pacific Northwest.  Whitecap Books,
Vancouver.  170 pp.

This book contains general information on native plants of the Pacific Northwest
and their propagation.

Keywords: propagation and seed.

248.  Pigott, D.  (1993).  Introduction to collecting quality seeds.  Proceedings of
the Joint Meeting of the British Columbia Seed Dealer’s Association and the
Western Forest and Range Seed Council, June 2-4, 1993, Vernon, British
Columbia.  (F.T. Portlock, Compiler).  Forestry Canada and British Columbia
Ministry of Forests, Victoria.  pp. 13-15.

This article describes important aspects of tree seed collection.  The cost of
collecting seed is insignificant considering the gains achieved in the nursery by
having high quality seed.  Careful monitoring and handling is essential at all
stages of the collection process to ensure success.  It is much easier to collect
seed properly in the first place than to try to correct problems during or after
extraction.

Keywords: seed extraction, seed collection, seed handling, and seed storage.
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249.  Popay, A.I. and E.H. Roberts.  (1970).  Factors involved in the dormancy
and germination of Capsella bursa-pastoris (L.) Medik. and Senecio vulgaris L.
Journal of Ecology, 58, 103-122.

Keywords: seed germination.

250.  Portlock, F.T.  (Compiler).  (1996).  A Field Guide to Collecting Cones of
British Columbia Conifers.  Canada-British Columbia partnership Agreement on
Forest Resource Development FRDA II.  Prepared for the British Columbia Tree
Seed Dealers Association by the Pacific Forestry Centre of the Canadian Forest
Service and the British Columbia Ministry of Forests, Victoria.  101 pp.

A practical field guide that describes conifer cone collection practices.  The aim
of the publication was to minimise or eliminate many cone collection problems.
The information in the field guide can be applied to native plant seed collections
in general.

Keywords: cone crop forecasting, cone collecting and cone handling.

251.  Quick, C.R.  (1935).  Notes on the germination of Ceanothus seeds.
Madrono, 3(3), 135-140.

Keywords: seed germination and Ceanothus.

252.  Quick, C.R. and A.S. Quick.  (1961).  Germination of Ceanothus seeds.
Madrono, 16, 23-30.

Most Ceanothus seeds will not imbibe water in the laboratory unless they are first
subjected to some type of heat treatment or to seed coat scarification.  Seeds of
montane species of Ceanothus commonly will not germinate, even though they
have imbibed water, unless embryo dormancy has been obviated by an
appropriate stratification treatment such as cold moist stratification.

Keywords: stratification and seed germination.

253.  Redente, E.F.  (1982).  Sweetvetch seed germination.  Journal of Range
Management, 35, 4, 469-472.

Sweetvetch (Hedysarum boreale Nutt. var. boreale) is a potentially important
revegetation species for drastically disturbed lands and range improvements in
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western North America.  The germination of sweetvetch was studied under
various temperature, light and moisture conditions.  It was found that sweetvetch
can germinate under a wide range of temperature and light conditions following
physical scarification of the seed coat.  Under constant temperatures optimum
germination occurred at 15oC and 20oC, while under alternating temperature
optimum germination occurred at 15-25oC and 20-15oC (for 8 hours and 16
hours, respectively, in each case).  Dark treatments resulted in greater
germination than light treatments.  When temperature and light conditions were
held constant and moisture conditions varied, the germination of sweetvetch
declined rapidly at osmotic potentials below –7.5 bars.

Keywords: revegetation, seed coat, and seed germination.

254.  Redente, E.F., P.R. Ogle and N.E. Hargis.  (1982).  Growing Colorado
Plants from Seed: A State of the Art.  Volume III: Forbs.  FWS/OBS-82/32.
United States Department of Interior, Fish and Wildlife Service, Denver.  141 pp.

This manual contains propagation information for growing native species from
seed.  The species described that occur in British Columbia are Balsamorhiza
sagittata, Heracleum lanatum, and Linnaea borealis.

Keywords: propagation, seed collection, and seed processing.

255.  Reid Collins and Associates Limited, Consulting Foresters and
Engineers.  (1975).  Procurement and Processing of Conifer Seed.  An
Annotated Bibliography with Special Reference to British Columbia.  Joint Report
No. 2. Prepared for the British Columbia Forest Service / Canadian Forestry
Service by Reid Collins and Associates, Vancouver.  176 pp.

Literature covering all phases of seed procurement and processing was reviewed
with specific reference to British Columbia.  Four hundred and seventy-six
references and annotations were compiled, classified and cross-referenced by
subject, author and species.  The objective of the report was to provide a
comprehensive background for the preparation of guidelines to cone and seed
practices and for identifying knowledge gaps.

Keywords: conifer, seed collection, and seed processing.

256.  Rietveld, W.J.  (1991).  Variable seed dormancy in Rocky Mountain
Juniper.  Proceedings, Intermountain Forest Nursery Association, August 14-18,
1989, Bismark, North Dakota.  General Technical Report RM-184.  United States
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Department of Agriculture, Forest Service.  Rocky Mountain Forest and Range
Experiment Station, Fort Collins. pp. 60-64.

Rocky Mountain juniper is difficult to grow in the nursery due to variable seed
dormancy that spreads germination over time.  In two experiments, six seed
sources, five seed treatments and 15 stratification treatments were tested.
Although there were some seed source and stratification treatment differences,
none of the treatments effectively enhanced germination amount or timing
enough to be useful in nursery culture.  The scarification treatments included
none, boiling water, soaking in concentrated sulphuric acid (0.5 hrs), soaking in
1% citric acid, and soaking in 30% hydrogen peroxide for 0.5 hrs.  The
stratification techniques were warm / moist and cool moist and freezing
temperatures.

Keywords: scarification, seed germination, shrub, and stratification.

257.  Rochefort, R.M. and S.T. Gibbons.  (1992).  Mending the meadow, high
altitude meadow restoration in Mount Rainier National Park.  Restoration and
Management Notes, 10, 2, 120-126.

Greenhouse propagation of native species restoration in Mount Rainier Park was
initiated in 1985.  The herbaceous species propagated from seed include:
Anaphalis margaritacea, Anemone occidentalis, Antennaria alpina, Antennaria
lanatum, Aster alpigenus, Carex illota, Carex nigricans, Carex phaeocephala,
Carex spectabilis, Cirsium edule, Deschampsia cespitosa, Erigeron peregrinus,
Festuca viridula, Juncus sp., Lupinus latifolius, Luzula sp., Phleum alpinum,
Potentilla flabellifolia, Sitanion hystrix, Trisetum spicatum, and Valeriana
sitchensis.  The woody species propagated from seed are Arctostaphylos uva-
ursi, Berberis nervosa, Gaultheria shallon, Phyllodoce empetriformis, Sibbaldia
procumbens, Spirea densiflora, Vaccinium deliciosum, and Vaccinium
parvifolium.

Keywords: herbaceous, forbs, seed germination, seedling, and shrub.

258.  Rogler, G.A.  (1960).  Relation of seed dormancy of green needlegrass
(Stipa viridula Trin.) to age and treatment.  Agronomics Journal, 52, 467-469.

Keywords: seed dormancy and Stipa viridula Trin.
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259.  Rogler, G.A.  (1960).  Relation of seed dormancy of Indian ricegrass
(Oryzopsis hymenoides [Roem. and Schult.] Ricker) to age and treatment.
Agronomics Journal, 52, 470-473.

Keywords: seed dormancy and Oryzopsis hymenoides (Roem. and Schult)
Ricker.

260.  Romme, W.H., L. Bohland, C. Persichetty and T. Caruso.  (1995).
Germination ecology of some common forest herbs in Yellowstone National Park,
Wyoming, USA.  Arctic and Alpine Research, 27, 4, 407-412.

Seed viability and dormancy mechanisms were investigated in seven herbaceous
plant species and one low shrub species common in the first few years of post-
fire succession in subalpine forest of Yellowstone National Park, Wyoming, USA.
Seeds of Epilobium angustifolium (fireweed) had rapid and high percent
germination in both the fall and spring after seeds were collected.  Seeds of
Lupinus argenteus (lupine) germinated well after several months of warm or cold
storage, and the rate of germination but not the final percent germination was
increased by scarification.  Seeds of Arnica cordifolia (heartleaf arnica) were
nearly all nonviable; only one seed germinated out of 650 tested, and no
seedlings were observed in the field.  Small sample sizes limited the scope of
testing of the other species, but both Cirsium arvense (Canada thistle) and
Epilobium ciliatum (willow-herb) showed moderate to high germination in the
spring after several months of storage, Hieracium albiforum (hawkweed)
germinated better in the fall than in the following spring, Vaccinium scoparium
(dwarf huckleberry) seeds germinated in the fall 1 month after collection.  These
results, combined with field studies, indicate that large-scale fires provide
opportunities for recruitment of new genetic individuals, increased genetic
diversity, and colonisation of new patches on the forest floor in several species,
including Epilobium angustifolium, Lupinus argenteus, Hieracium albiflorum, and
Cirsium arvense.  These effects are likely to persist for many decades in these
long-lived perennial plant species.

Keywords: seed collection, seed germination, and seed viability.

261.  Romo, J.T., Grilz, P.L., Bubar, C.J. and J.A. Young.  (1991).  Influences
of temperature and water stress on germination of plains rough rescue.  Journal
of Range Management, 44, 1, 75-81.

Germination of 12 collections of plains rough fescue (Festuca altaica Trin. subsp.
hallii [Vasey] Harms) from Saskatchewan was evaluated in 55 constant and
alternating temperature regimes ranging from 0 to 40oC.  Combined influences of
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temperature and water stress on germination were studied by incubating seeds
in a gradient of osmotic potentials at constant temperatures of 5, 10, 15, 20 and
25oC or decreased from 25 to 10oC.  Seeds germinated in 80 to 87% of the 55
temperature regimes tested with maximum total germination between
populations ranging from 34 to 100%.  Germination was highest most often at
constant temperatures of 15 and 20oC, but seeds germinated over a wide range
of temperatures.  Germination rate and total germination responded to the
interacting effects of temperature and osmotic potential.  Under constant
temperatures, 71 to 88% of the variation in germination was accounted for by
osmotic potential.  Seeds germinated fastest, in the highest numbers, and over
the broadest range of osmotic potentials at 10 to 25oC than when they declined
from 25 to 10oC.  Osmotic potential accounted for 65 to 74% of the variation in
germination.  The plastic response of germination to temperature suggested that
while this factor does not limit regeneration of plains rough fescue from seed,
germination is severely restricted by declining osmotic potentials.  These
moisture limitations reflected adaptations that preclude germination under
conditions of transient moisture or low moisture availability.  Plains rough fescue
should be planted in the spring when temperatures are rising and soil moisture is
highest.

Keywords: reproduction, seedbed ecology, and seed germination.

262.  Rose, R.C.  (1991).  After-ripening and germination of seed of Tila,
Sambucus, and Rubus.  Botanical Gazette, 67, 281-283.

Keywords: seed germination.

263.  Rose, R., C.E. Chachulski and D.L. Haase.  (1996).  Propagation of
Pacific Northwest Native Plants: A Manual.  Volume 1.  First Edition.  Nursery
Technology Cooperative, Oregon State University, Corvallis.  66 pp.

This reference is a compendium of information describing seed propagation seed
collection, seed cleaning seed storage, pre-sowing treatments (hot-water soak,
chemical scarification, mechanical scarification, stratification) seed sowing, and
seed coverings for several species.  The forb species described include Achillea
millefolium, and Aquilegia formosa.  The grass species described include
Agropyron spicatum, Bromus carinatus, Bromus vulgaris, Danthonia californica,
Danthonia intermedia, Deschampsia caespitosa, Elymus elymoides, Elymus
glaucus, Festuca viridula, Koeleria cristata, and Stipa occidentalis.  The shrubs
described include Acer glabrum, Amelanchier alnifolia, Arctostaphylos uva ursi,
Artemesia tridentata, Berberis aquifolium, Ceanothus velutinus, Gaultheria
shallon, Juniperus communis, Lonicera involucrata, Philadelphus lewisii,
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Potentilla fruticosa, Prunus virginiana, Purshia tridentata, Rhododendron
macrophyllum, Ribes cereum, Ribes lacustre, Rubus spectabilis, Salix bebbiana,
Sambucus racemosa, Shepherdia canadensis, Symphoricarpos albus,
Vaccinium membranaceum, Vaccinium parvifolium, and Viburnum edule.  The
tree species described include Pinus albicaulis, Populus tremuloides, Populus
trichocarpa, and Quercus garryana.

Keywords:  seed collection, seed germination, and propagation.

264.  Rose, R., C.E. Chachulski and D.L. Haase.  (1996).  Propagation of
Pacific Northwest Native Plants: A Manual.  Volume 2.  First Edition.  Nursery
Technology Cooperative, Oregon State University, Corvallis.  72 pp.

This reference is a compendium of information describing seed propagation seed
collection, seed cleaning seed storage, pre-sowing treatments (hot-water soak,
chemical scarification, mechanical scarification, stratification) seed sowing, and
seed coverings for several species.  The forb species described include Achillea
millefolium, Anaphalis margaritacea, Asarum caudatum, Chimaphila umbellata,
Cornus canadensis, Dicentra formosa, Eriogonum umbellatum, Fragaria vesca,
Fragaria virginiana, Lupinus latifolius, Lupinus sericeus, and Xerophyllum tenax.
The grass species described include Carex obnupta and Carex rostrata.  The
shrubs described include Acer circinatum, Acer glabrum, Acer macrophyllum,
Alnus incana, Alnus rubra, Alnus viridus, Ceanothus sanguineus, Cornus nutallii,
Cornus stolonifera, Crataegus douglasii, Mahonia nervosa, Pachistima
myrsinites, Physocarpus malvaceus, , Rosa gymnocarpa, Rosa nutkana, Rosa
pisocarpa, Rosa woodsii, Rubus idaeus, Rubus lasiococcus, Rubus parviflorus,
Sorbus sitchensis, Spirea betulifolia, and Spirea douglasii.  The tree species
described is Betula papyrifera.

Keywords:  seed collection, seed germination, and propagation.

265.  Rose, R., C.E. Chachulski and D.L. Haase.  (1998).  Propagation of
Pacific Northwest Native Plants.  Oregon State University Press, Corvallis.  248
pp.

This reference is a compendium of information describing seed propagation seed
collection, seed cleaning seed storage, pre-sowing treatments (hot-water soak,
chemical scarification, mechanical scarification, stratification) seed sowing, and
seed coverings for several species.  The forb species described include Achillea
millefolium, Anaphalis margaritacea, Aquilegia formosa, Asarum caudatum,
Balsamorhiza sagittata, Castilleja miniata, Chimaphila umbellata, Cornus
canadensis, Dicentra formosa, Epilobium angustifolium, Eriogonum umbellatum,
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Fragaria vesca, Fragaria virginiana, Heracleum lanatum, Hieracium albiflorum,
Linnaea borealis, Lupinus latifolius, Lupinus sericeus, Osmorhiza occidentalis,
Penstemon procerus, Smilacina racemosa, Vicia americana, and Xerophyllum
tenax.  The grass species described include Bromus carinatus, Bromus vulgaris,
Calamagrostis rubescens, Carex obnupta, Carex rostrata, Danthonia californica,
Danthonia intermedia, Deschampsia atropurpurea, Deschampsia caespitosa,
Elymus elymoides, Festuca viridula, Koeleria cristata, Phleum pratense, Poa
scabrella, Poa secunda, Pseudoroegneria spicata (Agropyron spicatum), and
Stipa occidentalis.  The shrubs described include Acer glabrum, Amelanchier
alnifolia, Arctostaphylos uva ursi, Artemesia tridentata, Betula occidentalis,
Ceanothus velutinus, Cornus stolonifera, Crataegus douglasii, Gaultheria
shallon, Holodiscus discolor, Juniperus communis, Lonicera involucrata, Mahonia
aquifolium, Mahonia nervosa, Mahonia repens, Oplopanex horridum, Pachistima
myrsinites, Philadelphus lewisii, Physocarpus malvaceus, Potentilla fruticosa,
Purshia tridentata, Rhamnus purshiana, Rhododendron albiflorum,
Rhododendron macrophyllum, Ribes cereum, Ribes lacustre, Rosa gymnocarpa,
Rosa nutkana, Rosa pisocarpa, Rosa woodsii, Rubus idaeus, Rubus parviflorus,
Rubus spectabilis, Rubus ursinus, Sambucus racemosa, Shepherdia
canadensis, Sorbus sitchensis, Spirea betulifolia, Spirea densifolia, Spirea
douglasii, Symphoricarpos albus, Vaccinium deliciosum, Vaccinium
membranaceum, Vaccinium parvifolium, Vaccinium scoparium, and Viburnum
edule.  The tree species described include Abies grandis, Acer macrophyllum,
Alnus incana, Alnus rubra, Alnus sinuata, Arbutus menziesii, Betula papyrifera,
Cornus nuttallii, Larix occidentalis, Picea sitchensis, Pinus albicaulis, Pinus
ponderosa, Populus tremuloides, Populus trichocarpa, Prunus virginiana,
Pseudotsuga menziesii, Quercus garryana, Rhus glabra, Salix bebbina, Salix
lasiandra, Salix scouleriana, Thuja plicata, and Tsuga heterophylla.

Keywords:  seed collection, seed germination, and propagation.

266.  Runyan, C.S.  (1996).  Native plantings along an urban slough: A ten-year
assessment (British Columbia).  Restoration and Management Notes, 14, 2, 175-
176.

In 1985, the City of Richmond received a request to develop a residential area
near Bath Slough.  City officials stated that the developer must plant native
species on a 15m by 150m long area as part of the development agreement.
Volunteers planted a variable number of indigenous species propagated from
seed and cuttings.

The progress of the transplants was monitored for the first five years and again in
1993 and 1995.  The list of species transplanted and their survivorship is as
follows: Acer circinatum (0%), Acer macrophyllum (100%), Amelanchier alnifolia
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(18%), Cornus nuttallii (0%), Cornus stolonifera (66%), Crataegus douglasii
(40%), Gaultheria shallon (0%), Mahonia nervosa (0%), Malus fusca (60%),
Philadelphus lewisii (14%), Physocarpus capitatus (64%), Picea sitchensis
(50%), Populus balsamifera ssp. trichocarpa (0%), Pseudotsuga menziesii
(33%), Ribes sanguineum (0%), Rosa nutkana (44%), Rubus leucodermis (0%),
Rubus parviflorus (0%), Rubus spectabilis (29%), Sorbus sitchensis (20%), and
Symphoricarpos albus (75%).

Keywords: field trial, cutting, propagation, seed, and transplanting.

267.  Ryan, J., S. Miyomoto and J.L. Stroehlein.  (1975).  Salt and specific ion
effects on germination of four grasses.  Journal of Range Management, 28, 1,
61-64.

The effects of NaCl, CaCl2, MgCl2, NaSO4, CaSO4ֹ2H2O, and MgSO4ֹ7H2O at
concentrations of 50, 100, 150, and 200 meq/l were studied on germination of the
following range grasses: blue panic grass (Pancum antidotale Retz.), Lehmann
lovegrass (Eragrostis lehmanniana Nees.), Wilman lovegrass (E. superba Peyr.),
and weeping lovegrass (E. curvula [Schrad.] Nees.).  Increasing salt
concentrations decreased germination.  The extent of the decrease varied with
the species and the type of salt.  Inhibition was greatest with Mg and least with
Ca salts.  When MgSO4ֹ7H2O was used, the effect was less than the equivalent
concentration of MgCl2.  At equal osmotic pressures, the effect of specific ions
varied.  Wilman and weeping lovegrasses were found to be relatively salt
tolerant.

Keywords: grass, salt tolerance, and seed germination.

268.  Salisbury, E.J. (1965).  Germination experiments with seeds of a
segregate of Plantago major and their bearing on germination studies.  Annals of
Botany (London), 29, 513-521.

Keywords: seed germination.

269.  Sayers, R.L. (1963).  Seed Germination Requirements of Certain Alpine
Species.  M.S. Thesis, Colorado State University, Fort Collins, 80 pp.

Keywords: seed germination.
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270.  Sayers, R.L. and R.T. Ward.  (1966).  Germination responses in alpine
species.  Botanical Gazette, 127, 1, 11-16.

Germination studies were conducted on seeds of six species of alpine plants;
some of these are restricted to areas above timberline while others are found
throughout the central United States.  Species used included Deschampsia
caespitosa (L.) Beauv., Geum turbinatum Rydb., Luzula spicata (L.) DC.,
Pulsatilla Iudoviciana (Nutt.) Heller, Sedum stenopetalum Pursh., and Trisetum
spicatum (L.) Richt.  Seeds of all species except P. ludoviciana were collected
from an alpine area in Colorado.  Seeds of that species and of S. stenopetalum
were collected from a foothills region in Colorado, and P. ludoviciana seeds were
also collected from prairie areas in southwestern Wisconsin.  Reasonably good
germination was obtained for all species, except L. spicata, under one or more of
the conditions used.  Maximum germination values ranged from 63% to 90%.
Germination values for most species were consistently high with alternating
temperature ranges of 10-20oC for the low temperatures and 25-30oC for the high
temperatures.  Luzula spicata seeds were found to be viable by a tetrazolium
test; however, no techniques were found that would break the extreme dormancy
and permit germination.  Additional factors considered included the individual
effects of potassium nitrate, moisture stress, subfreezing temperature, and the
interaction of temperature, light conditions and collection area upon germination.
Seed was collected by hand and germination trials were conducted using a
randomised experimental design.

Keywords: alpine and seed germination.

271.  Schütz, W. and P. Milberg.  (1997).  Seed dormancy in Carex canescens:
regional differences and ecological consequences.  Oikos, 78, 420-428.

The authors compared the germination of seeds of Carex canescens from
populations in four regions: northern and southern Sweden and northern and
southern Germany.  Germination behaviour was expected to differ between
regions owing to adaptations to the local climates.  We compared three of four
populations from each region in 31 germination experiments (different pre-
treatments, different temperature regimes, light vs. darkness).  In a parallel
experiment, we recorded seedling emergence under outdoor conditions from
seeds sown in the late summer in northern Germany.  Although there were
differences in the level of dormancy between the 13 populations and four
regions, we were unable to detect geographic patterns that could be explained in
terms of differential adaptation to the local climates.  Our data did not support a
proposed hypothesis that populations experiencing more severe winter
conditions would require a longer cold-stratification period.  We compared the
results from the outdoor experiment with germination data from the laboratory
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experiments.  The latter could not be used to predict differences in the timing of
seedling emergence, the time-span during which seedlings emerged, or the
number of seedlings emerging.  We conclude that the relevance of detected
differences in dormancy level among species or populations must be interpreted
with great care.  First, the detection of geographical patterns required extensive
sampling, second, the ecological consequences of such differences should be
established.  Seeds collected by hand and sown in a randomised block
experimental design.

Keywords: seed germination and sedge.

272.  Scianna, J.G.  (2001).  Rocky Mountain seed collecting, processing and
germinating.  Native Plants Journal, 2, 2 73-78.

Propagation of Rocky Mountain juniper (Juniperus scopulorum Sarg.
[Cupressaceae]) from seeds is difficult, but proper collection, cleaning, storage,
and dormancy treatments can improve success.  Best propagation results are
achieved by following the following practices: (1) avoiding collection of immature
and insect damaged cones, (2) minimising cone storage or storing surface-dried
cones under well-ventilated conditions at 1 to 3oC and 80 to 90% humidity, (3)
macerating cones in hand-cleaner-amended water (4) separating light or unfilled
seeds from viable seeds with flotation, and (5) treating seeds with a 120-day
warm moist stratification in peat moss mix followed by a 150-day cold moist
chilling.

Keywords: propagation, seed germination, and seed storage.

273.  Semenza, R.J., J.A. Young and R.A. Evans.  (1978).  Influence of light
and temperature on germination and seedbed ecology of common mullein
(Verbascum thapsus).  Weed Science. 26, 577-581.

Keywords: seed germination.

274.  Singh, K.P.  (1973).  Effect of temperature and light on seed germination of
two ecotypes of Portulaca oleracea L.  New Phytologist, 72, 289-295.

Keywords: seed germination.

275.  Shank, D.  (1989).  A Pacific Northwest Native Plant Directory. Hortus
Northwest, Canby.  27 pp.
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This publication is the first in a series of handbooks for those interested in native
plant restoration work in the region extending from Northern California to Alaska,
and from the Pacific Ocean to the Rocky Mountains.  The document lists 70
sources for native trees, shrubs, grasses, groundcovers, herbs, and wetland
plants.

Keywords: forb, grass, restoration, seed suppliers, shrubs, and trees.

276.  Shearer, R.C. and C.E. Carlson.  (1991).  Barriers to germination of Larix
occidentalis and Larix lyallii seeds.  Proceedings of an International Symposium
of the IUFRO Project Group P2.04-00 (Seed Problems), Victoria, B.C. IUFRO,
Victoria.  pp. 127-132.

Larix occidentalis Nutt. (western larch) and Larix lyallii Parl. (alpine larch) grow in
the upper Columbia River Basin of North America.  Western larch often is a
major component at low to moderate elevation forests while alpine larch is found
only at timberline in some of the high mountains.  Both species are monoecious,
and flower buds develop throughout the crown.  Western larch seed cone buds
open throughout April to early May and the cones mature in August; and in May
and mid-September for alpine larch.  Develop strobili can survive spring forests
as low as –4oC in western larch and –1oC in alpine larch.  Major barriers to
quality western larch seeds occur during cone development.  Mature dominant
and co-dominant trees produce megasporangia every year, but frost or insects or
both often reduce the potential by 75% soon after bud burst.  Then, mature
cones usually have less than 20% filled seeds; the remainder are mostly empty
or damaged by insects.  Seed dormancy was easily overcome in 38 tests by
stratification for 30 days at 1oC in the dark.  Germinative energy averaged 75% at
7 days and germinative capacity averaged 94% at 13 days.  Previous attempts to
germinate alpine larch seeds under laboratory conditions were mostly
unsuccessful.  But about 95% of the seeds with embryos germinated after
stratifying in moist peat in leach tubes for energy was 70% at 10 days and
germinative capacity was 90% at 16 days.  Soil chemistry may be important in
preparing alpine larch seeds for germination.

Keywords: conifer, seed dormancy, and seed germination.

277.  Shearer, R.C., Potter, R.W., Kurth, L.L. and J.M. Asebrook.  (1996).  Co-
operation enhances revegetation efforts in Glacier National Park.  Park Science,
16, 1, 20-21.
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Two inter-agency experiments by the National Park Service and the U.S. Forest
Service along the reconstructed Gong-to-the-Sun Road in Glacier National Park,
Montana have generated new understanding of passive and active revegetation.
One study determined that 90 percent of natural seedfall, germination and
survival along a portion of the highway consisted of western hemlock (Tsuga
heterophylla) and western red cedar (Thuja plicata), which are predominate in
the area, with lesser numbers of Douglas-fir (Pseudotsuga menziesii), western
larch (Larix occidentalis), and lodgepole pine (Pinus contorta).  The second study
focused on experimental plantings of native and non-native seed mixes on
regraded slopes receiving different fertiliser treatments.  Results after three
growing seasons indicate that park managers can achieve sufficient coverage by
native grasses and forbs in a short period of time without resorting to a non-
native agronomic mixture of bluegrass (Poa spp.) and fescue (Festuca spp.).

Keywords: seeding and seedling establishment.

278.  Shopenmeyer, C.S.  (Editor).  (1974).  Seeds of Woody Plants in the
United States.  Agriculture Handbook No. 450.  Forest Service, United States
Department of Agriculture, Washington, D.C.  883. pp.

This reference contains seed collection, extraction, storage, viability, and
germination requirements for a number of angiosperms and gymnosperms in the
United States and Canada.

Keywords: seed collection, extraction, storage, viability, and germination.

279.  Simpson, G.M.  (1990).  Seed Dormancy in Grasses.  Cambridge
University Press, New York.  307 pp.

This reference is a comprehensive review of the occurrence and explanation of
seed dormancy in grasses.  In depth experimental evidence is presented red in
depth for wild oat (Avena fatua).  The evidence for this species is compared to
other species among the Gramineae to reach some general conclusions about
the nature of seed dormancy in grasses.

Keywords: grass, seed dormancy, and seed germination.

280.  Smart, A.W. and D. Minore.  (1977).  Germination of beargrass
(Xerophyllum tenax [Pursh.] Nutt.).  The Plant Propagator, 23, 3, 13-15.
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Seed can be collected by hand in the fall and sown directly or stored dry at
subfreezing temperatures.  Set flats in a growth chamber at 18oC (for 12 hours)
during the day and 13oC (for 12 hours) at night.  Seed germinated well if it was
soaked and sown on a peat:vermiculite:perlite:pumice medium.

Keywords: growth medium, seed collection, and seed germination.

281.  Smith, S.R., D. Cattani, D. Feindel, R. Haas, D. Tober, L. Holzworth, M.
Majerus, D. Hall and K. Borcher.  (1997).  Native Grass Seed Production
Manual.  (S.R. Smith and S. Smith, Editors).  Ducks Unlimited Canada,
Stonewall.  155 pp.

282.  Smreciu, E.A.  (1993).  Native Legumes for Reclamation in Alberta.
Reclamation Research Technical Advisory Committee report RRTAC 93-9.
Prepared for the Alberta Land Conservation and Reclamation Council by Wild
Rose Consulting Incorporated, Edmonton.  94 pp.

Seeds from Astragalus (milkvetches), Hedysarum (sweetbrooms), Lupinus
(lupins), and Oxytropis (locoweeds) were collected from the mountains and
foothills region of Alberta, from Waterton Lakes National Park to Grande Cache.
The species were tested for germination and seedlings were established and
evaluated for three growing seasons in Vegreville.  The species were evaluated
based on survival, growth and development, and yield.  Astragalus alpinus was
selected as the most promising species.  Oxytropis monticola and Oxytropis
splendens were also recommended.

Keywords: seed collection, seed germination, and seedling.

283.  Smreciu, E.A., R.S. Currah and E. Toop.  (1988).  Viability and
germination of herbaceous perennial species native to southern Alberta
grasslands.  Canadian Field-Naturalist, 102, 1, 31-38.

The viability and germination of seed lots of 41 herbaceous perennial species
native to southern Alberta grasslands were examined.  The practical value of
tetrazolium (TTC) and x-ray photography in screening seed lots for viability was
evaluated.  Although a reliable, rapid test for a few taxa, TTC often gave results
that were inconsistent with germination percentages and/or the physical condition
of excised embryos.  X-rays were useful for determining the percentage of full
seeds in samples of species having large seeds but had insufficient resolving
power for samples of smaller seeds.  Stratification improved germination in most
species of Compositae, all three species of the Scrophulariaceae and both
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species of Cactaceae.  Scarification improved germination in 11 of 12 species of
Leguminosae and, in combination with stratification, improved germination of
Allium textile (Prairie Onion) of the Liliaceae.  Seeds of species in both
Ranunculaceae and Rosaceae generally germinated as well with as without pre-
treatment.

Keywords: viability, germination, herbaceous plants, perennials, tetrazolium, x-
rays, Alberta, grasslands, Compositae, Scrophulariaceae, Cactaceae,
Leguminosae, Ranunculaceae, and Rosaceae.

284.  Smith, S.E. and S.R. Winslow.  (2001).  Comparing perceptions of native
status.  Native Plants Journal, 2, 1, 5-11.

Use of the term “native” when referring to plants is common in many settings.
However, what “native” means to different individuals and groups is often poorly
understood.  Inconsistent definition of native status (“nativity”) may complicate
implementation or endorsement of conservation activities, particularly those
involving revegetation.  Professionals in plant-related fields are typically
responsible for developing revegetation projects as well as regulations that apply
to these projects.  To assess how definition criteria may differ between groups,
we developed a questionnaire that asked respondents to assess native status in
13 hypothetical revegetation scenarios.  A total of 303 questionnaires were
evaluated with respondents from 33 states.  Different respondent groups
responded differently in certain scenarios.  Where differences existed,
professionals in plant-related fields were more likely to regard plants native than
non-professionals.  Respondents associated with Native Plant Societies (NPS)
were less likely to designate plants as native than non-NPS respondents.
Successful conservation activities with native plants should involve open and
precise definition of nativity.

Keywords: forb, grass, grassland, indigenous species, restoration, revegetation,
shrub, and trees.

285.  Smyth, C.R.  (1987).  Seed Production, Dispersal, Predation and
germination of Several High-elevation Rocky Mountain Legume Species.  M.Sc.
Thesis, Department of Biology, University of Victoria, Victoria.  169 pp.

The seed production, dispersal, predation and germination of seven high
elevation Southern Canadian Rocky Mountain legume species was studied over
a period of three years.  Initiation of vegetative and reproductive activity was one
to two weeks earlier each year and was related to the successively warmer
springs in subsequent years.  Seed production varied with species and year.
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The number of viable seeds produced each year was constantly high for
Oxytropis podocarpa, whereas the number of viable seeds produced by
Oxytropis sericea, Hedysarum sulphurescens and the Astragalus species was
variable.  The number of abnormal or aborted seeds was low except for
Astragalus alpinus in 1985, Astragalus bourgovii in 1983 and Oxytropis sericea in
each year.  Seed production of the Astragalus and Hedysarum species was
reduced by pre-dispersal seed predation by species of Bruchophagus
(Hymenoptera: Eurytomidae).  The magnitude of seed number of viable seeds
produced each year was constantly high for Oxytropis podocarpa, whereas the
number of viable seeds produced by Oxytropis sericea, Hedysarum
sulphurescens and the Astragalus species was variable.  The number of
abnormal or aborted seeds was low except for Astragalus alpinus in 1985,
Astragalus bourgovii in 1983 and Oxytropis sericea in each year. Seed
production of the Astragalus and Hedysarum species was reduced by pre-
dispersal seed predation by species of Bruchophagus (Hymenoptera:
Eurytomidae).  The magnitude of seed damage was related to habitat.  Pre-
dispersal seed predation by weevils (Coleoptera: Curculionidae) was low for the
Oxytropis species.  However, seed predation of Oxytropis podocarpa by
ptarmigan (Lagopus lagopus) was high in two populations each year.  Foraging
by elk (Cervus elaphus), rocky mountain bighorn sheep (Ovis candensis) and the
golden mantel ground squirrel (Spermophilus lateralis) also reduced seed
production.

Seed germination varied with species, population and year. All of the viable
seeds of Hedysarum sulphurescens germinated each year, whereas seed
germination varied for the other species.  The variation in seed germination is
attributed to environmental factors such as day length, temperature or soil
moisture that affect the production of impermeable 'hard' seeds.

Various physical and chemical treatments were applied to break the dormancy of
these seeds, the results of which, showed that with the exception of Hedysarum
sulphurescens, all species have a seed coat imposed seed dormancy.  Seed
germination in Hedysarum suphurescens is regulated by temperature.  Seeds of
all species were observed to germinate at 2oC to 5oC.  Therefore, seeds of these
species may germinate in the fall and overwinter as small seedlings although the
recruitment would be small due to high seedling mortality.

Keywords:  seed collection, seed dormancy, and seed germination.

286.  Smyth, C.R.  (1995).  Reclamation research at Quintette Operating
Corporation. Reclamation in Extreme Environments.  Proceedings of the
Nineteenth Annual British Columbia Mine Reclamation Symposium.  Technical
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and Research Committee on Reclamation and the Ministry of Energy, Mines and
Petroleum Resources, Victoria.  pp. 1-13.

A comprehensive native species research program was initiated at Quintette
Operating Corporation in 1986.  Research trails ranging from site preparation
treatments to native species selection and establishment methods were
implemented and assessed. Results of many of the trials are now being applied
operationally.

Twelve deciduous shrub and tree species were transplanted into three growing
materials (tailings, coarse refuse, till) during the fall of 1993.  Three replicates per
species (n=10) were established.  Examination of first year results revealed, as
expected, that survivorship varied with species and growth material.
Survivorship and growth was greatest for balsam poplar (Populus balsamifera
L.), northern blackcurrant (Ribes hudsonianum Richards in Frankl.), prickly rose
(Rosa acicularis Lindl.), tea-leaved willow (Salix planifolia Pursh) and
Mackenzie’s willow (Salix prolixa Anderss.).

Low-elevation – Shikano

Several grass, forb and shrub transplant trials were established also on ‘mud’
amended spoil on the 895 m Shikano Common dump during 1990.  For each
species, three replicate rows were transplanted. Survivorship, growth and seed-
head production were assessed from 1991 to 1994. Herbaceous species that
performed well were common yarrow (Achillea millefolium L.)  (90%), Indian
milkvetch (Astragalus aboriginum Richards) (58%), elegant milkvetch (Astragalus
eucosmus Robins.) (42%), fuzzy-spiked wildrye (Elymus innovatus Beal) (60%),
alpine hedysarum (Hedysarum alpinum L.) (58%), field crazyweed (Oxytropis
campestris [L.] DC.) (46%), squirreltail grass (40%) and common dandelion
(Taraxacum officinale Weber) (87%).  Woody species with high survivorship and
growth were Saskatoon (Amelanchier alnifolia Nutt.) (93%), wolf willow
(Eleagnus commutata Berhn.) (55%), balsam poplar (100%), prickly rose (83%)
and Scouler’s willow (Salix scouleriana Barratt) (88%).  Transplanted conifer
species did not perform well on the ‘mud’ material and a blending trial of this
material and coarse refuse is being considered at present.

In 1992, a conifer fertiliser trial was set up on the Shikano South Dump slide area
to assess species survival and growth on ‘mud’ material.  Two hundred and
sixteen seedlings of white spruce (Picea glauca) and lodgepole pine were
transplanted into each of three treatment rows (control, Growmax™, and
Agriform™).  Treatments were assigned randomly to each row. Seedling survival
and vigour was assessed in both 1993 and 1994.  In 1994, cumulative proportion
surviving was low for all species and treatments. In each treatment, lodgepole
pine had the highest survivorship while the control treatment was the best for
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both species and Growmax™ the poorest. Fertiliser type, pH, ‘soil’ texture and
protective cover were considered to be the important determinants of seedling
survival.  In 1993, the above species were transplanted into both ‘mud’ and
waste rock to compare species performance.

Mid-elevation

Sixteen native shrub and tree species were transplanted in 1992.  In 1994,
survivorship was greatest for balsam poplar, lodgepole pine, prickly rose, arctic
willow and tea-leaved willow.  However, the confounding effects of wildlife
browsing affected survivorship results.  Scrub birch (Betula glandulosa Michx.),
black twinberry (Lonicera involucrata [Richards] Banks ex Spreng.) and northern
black currant were browsed heavily by moose.

Direct seeding may be a cost-effective method of establishing shrubs and trees.
To examine this alternative approach, a randomised complete block design with
replicates per species was hand seeded in the fall of 1993.  Germination was not
observed in 1994.

High-elevation

Several herb and shrub transplanting and seeding trials were established in 1991
and 1992. Two sets of native species transplant trials were established, one on
the Wolverine South 1850 m dump and one on the Wolverine North 1765 m
dump.  A total of 46 native grass, sedge, forb and shrub species were
transplanted.  In 1994, the grass and sedge species with the greatest
survivorship were bearded wheatgrass (Agropyron caninum [L.] Beauv.), rough
hair-grass (Agrostis scabra Willd.), Hayden’s sedge (Carex haydeniana Olney),
dunhead sedge (Carex phaeocephala Piper), alpine fescue (Festuca
brachyphylla St.-Yves), alpine bluegrass (Poa alpina L.), arctic bluegrass (Poa
arctica Vasey), Patterson’s bluegrass (Poa pattersonii Vasey), squirreltail grass
and spike trisetum (Trisetum spicatum [L.] Richter).

The forbs with the greatest survivorship were common yarrow, rock jasmine
(Androsace septentrionalis L.), alpine milkvetch, Indian milkvetch, Bering
chickweed (Cerastium beeringianum Cham. & Schlecht.), dwarf mountain
fleabane (Erigeron compositus Pursh), boreal sandwort (Minuartia rubella [Wahl.]
Hiern), silky crazyweed (Oxytropis sericea Nutt.), diverse-leaved cinquefoil, snow
cinquefoil (Potentilla nivea L.), northern goldenrod (Solidago multiradiata Ait.),
long-stalked starwort (Stellaria longipes Goldie) and common dandelion, while
the best shrub species were bearberry, scrub birch and white mountain-avens
(Dryas integrifolia Vahl).  However, forbs such as arctic poppy (Papaver
lapponicum [Tolm.] Nordh.) and shrubs such as northern blackcurrant, arctic
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willow and creeping willow (Salix stolonifera Cov.) may be suitable candidates as
well.

Recruitment from seed was extensive for all of the grass species and several
forbs, e.g., rock jasmine, Bering chickweed, dwarf hawksbeard (Crepis nana
Rich.) and boreal sandwort.  Vegetative reproduction was also observed for long-
stalk starwort.

In 1992, a legume inoculation trial was established to assess inoculation
requirements and practices for the selected native legumes.  Four treatments, (1)
nitrogen - no inoculum (+NNI), (2) nitrogen - inoculum (+NI), (3) no nitrogen and
no inoculum (-NNI) and (4) no nitrogen plus inoculum (-NI) were established in a
randomised block design.  Fifty seeds of eight legume species were combined
and hand sown into each of the three treatment replicates.  Abundance, percent
cover, vigour and seed-head production were assessed annually.  Percent cover
was consistently higher on the -NI treatment.  The best performing species were
Indian milkvetch, alpine milkvetch and silky locoweed.  Initial performance of
arctic lupine (Lupinus arcticus S. Wats.) was good but high 1993/1994 winter
mortality was recorded.

Keywords: field trial, forb, grass, seed collection, seed germination, seeding,
shrub and tree.

287.  Smyth, C.R.  (1996).  Reclamation Research at Quintette Operating
Corporation – 1996 Assessments.  Prepared by Environmental Insight and
Myosotis Ecological Consulting, Blairmore.  46 pp.

This report is a summary of research conducted at Quintette Operating
Corporation from 1988 to 1996.

Keywords: field trial, forb, grass, seed collection, seed germination, seeding,
shrub and tree.

288.  Smyth, C.R.  (1996).  Producing container transplants for small-scale
alpine surface mining disturbances.  HortusWest, 7, 2, 12-13, 46-49.

Research was undertaken to examine the feasibility of producing container
transplants for small-scale alpine surface mining disturbances.  The horticultural
treatments examined were container type, growing media fertiliser regime,
growing environment and duration of growing cycle.  The dump to be restored at
Quintette Operating Corporation was constructed with siltstone and sandstone
waste rock with small amounts of topsoil.  A total of 58 early- and late-seral
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species were selected for study based on observations of habitats of the target
wildlife species.

Seeds were collected by hand from similar alpine habitats on adjacent mountains
and then stored until sufficient quantities had been collected.  A blend of seed
from three populations was used for each species.  Seedlings were grown in a
small, i.e., 20,000/seedlings/year, nursery facility.  Six container types were used:
(1) Pine CellsTM (ConeTainer), (2) Super StubbyTM (ConeTainer), (3) HillsonTM

(Spencer-Lemaire), (4) TinusTM (Spencer-LemaireTM), (5) StyroblockTM 415c
(Beaver Plastics) and (6) Copperblock 415c (Beaver Plastics).  Four growing
media mixes were used: (1) 1:1:1 (peat, vermiculite, perlite), (2) 2:1:1 (peat,
vermiculite, perlite), (3) 1:1 (peat, vermiculite), (4) 1:2 (peat, coarse sand).  One
hundred and ten cubic decimetre bags were used in the mix.  Dolomite lime (2.27
kg) and N14P14K14 NutricoteTM (1.13 kg) were also added to the growing media.
All seedlings were inoculated with species-specific soil inoculum (20:80 percent
by volume soil:growth medium) taken from rhizosphere soil cores.  Most of the
species were propagated from seed (2-5 seeds/cavity).  The grasses did not
require seed pre-treatment, but the sedges, Betula nana and Ribes hudsonianum
were cold/moist stratified for 2 months at 2-5oC.  The Arctostaphylos species and
Vaccinum vitis-idaea required acid scarification with concentrated H2SO4 for 2-25
minutes followed by 2 months warm/moist (20oC) and 3 months cold/moist (2-
5oC) scarification.  All legume seeds were scarified.  Container cells with multiple
germinants were thinned to one seedling per cell.  The Salix species required
propagation by division or from cuttings.  Plant materials were collected in late
April.  Each cutting was immersed in rooting hormone with fungicide and then
‘stuck’ into a container cell filled with growing media.  The containers were
located in a glasshouse for misting and, following misting, were placed in a
lathhouse (Thompson 1989).  The misting regime was as follows: (1) 28 days of
mist every 20-30 minutes (30 second duration), (2) seven days of mist every 40-
60 minutes (30 second duration), (3) three days of no mist and (4) placement in
lathhouse.

Liquid N10P52K10 fertiliser was applied during May and June and liquid N20P20K20
in July.  Fertiliser application was discontinued and watering was decreased in
August.  Two fertiliser regimes were used: (1) fertiliser application every week
and (2) fertiliser application once every two weeks.  Plants were watered as
necessary.

Plants were overwintered in cold frames.  ‘Lifting’ of seedlings occurred
immediately prior to transplanting.  All species were dormant when transplanted.
One hundred and eighty seedlings per species and container type were
transplanted with tree planting shovels.  Species and treatments were randomly
assigned to blocks.  The ground was fertilised with the equivalent of 1344 kg/ha
of an organic-based fertiliser (N6P8K6) and harrowed two weeks prior to
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transplanting.  Transplanting success on the spoil dump was monitored for three
years.

Seed germination was variable (35 - 92%), but with multiple sowing, this was an
acceptable germination capacity.  However, thinning was a time-consuming
process, and reduction of multiple sowing would be desirable where appropriate.
Seedling or cutting growth and development was good for most species.  None of
the grasses required glasshouse growing conditions while most of the forbs and
all of the shrubs required at least some period under glass.  Adequate root
development for the slow-growing forbs and shrubs was usually the seedling
production rate limitation.  Many of the grasses and many of the forbs could have
been outplanted after one 4-month growing cycle while most of the shrubs
required 6 to 8 months of growth for adequate root development.  If a heated
greenhouse and cold storage facility were available, seedlings could be available
for spring transplanting within one year following seed collection.

Several of the species, e.g., grasses, yarrow (Achillea millefolium) and alpine
poppy (Papaver kluanensis), had high relative growth rates. These seedlings
became root-bound in all but the Tinus containers with standard treatment, i.e.,
four months of growth with weekly fertilisation.  When root- bound, these
seedlings were more prone to desiccation later in the growth cycle.  In some
cases, a reduction in the length of the growing season to two or three months
was sufficient to alleviate this problem.  However, a combination of reduced
growing season length and reduced fertilisation, i.e., every second week, was
necessary for most of these species.

Growth media requirements varied by plant shoot and root growth habit.
Typically, the graminoids with their fibrous root structure performed best in the
2:1:1 (peat, vermiculite, perlite) mix.  The greater proportion of peat improved
moisture retention during the latter part of the growing cycle.  The grass species
were more prone to desiccation as a result of reduced growing media volume
due to compression by their extensive root systems.  Due to the inherently poor
root development of species such as Cerastium beeringianum, Minuartia rubella,
Saxifraga tricuspidata, Sedum lanceolatum and Silene acaulis, best growth and
rooting ‘plug’ integrity for these species was found with the more cohesive 1:1
(peat, vermiculite) growing medium. Most forbs grew best with the 1:1:1 (peat,
vermiculite, perlite) mix.  Shrubs propagated from cuttings grew best in the 1:2
(peat, coarse sand) mix.

Most of the species produced did not require special horticultural treatments
other than seed pre-treatments or cuttings propagation.  However, the growth
habit of shrub species such as Betula nana, Salix arctica Salix stolonifera) in the
nursery changed from prostrate to erect.  Since winter desiccation of these
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transplanted shrub species had been a problem previously, wire mesh screening
was placed on these plants in the nursery to promote a prostrate habit.

Overwintering success under ambient conditions varied with container type.
Survival was greatest for the Hillson and StyroblockTM 415c containers.  Winter
desiccation of exposed tissues and cold temperature damage to root systems
were the causes of seedling mortality.  Chinook weather conditions, i.e.,
numerous freeze-thaw cycles, resulted in inadequate protective snow cover for
the seedlings.  The ConeTainersTM, because of their open structure, were the
most problematic. The availability of a proper cold storage facility would eliminate
this problem for all of the containers.

Manual ‘lifting’ of seedlings from containers was relatively easy for most species
and containers.  The only exception was for dock (Rumex acetosa) which either
rooted into the container walls (e.g., StyroblocksTM) or into adjacent cells (e.g.,
Spencer-Lemaires). Only the Super StubbyTM and CopperblockTM were suitable
for this species.

Although transplanting in rocky skeletal minesoils is difficult, transplanting was
relatively easy with the exception of the TinusTM containers.  On the basis of
transplanting efficiency alone, the TinusTM containers would be excluded from
future reclamation work.  The TinusTM containers are only suitable for use with
stoloniferous willow (Salix stolonifera).  After three years, survivorship was good
for many species.  Survival was particularly high for the grasses, excluding
Phleum alpinum, and was variable for the rushes and sedges (13 - 59 %).  Non-
leguminous forb survival was highly variable, with values ranging from 3% for
Oxyria digyna to 97% for Potentilla villosa.  Legume species survival (18 - 67%)
was highly variable.  Shrub survival was also variable with highest percentages
recorded for Betula nana and Salix arctica.  Mortality occurred most frequently
during the winter months.  Growth and vigour of the seedlings appeared good
with little evidence of drought or nutrient stress.  Consistently high survival was
recorded for the Super StubbyTM, HillsonsTM and StyroblockTM 415c container.

Keywords: field trial, forb, grass, shrub, propagation, seed germination, and
transplanting.

289.  Smyth, C.R.  (1996).  Alpine wildlife habitat restoration underway at coal
mine in British Columbia.  Restoration and Management Notes, 14, 2, 189-190.

A native species establishment research program was established on a high-
elevation coal mine disturbance in northeastern British Columbia.  Seeds from 58
early- and later-seral alpine species were collected by hand from populations
located on mountains adjacent to the mine.  The seeds were stored in a
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refrigerator at 2-4oC following hand extraction and cleaning.  The majority of the
species did not require pretreatments.  However, the legumes required
chemical/mechanical scarification while the bearberry species required
mechanical scarification and cold/moist pretreatments.  Seedlings were
propagated in 175 ml/cell plastic containers.  A standardised growing medium
with a mixture of 2:1:1 (peat:vermiculite:perlite).  All seedlings were inoculated
with species-specific soil inoculum (20:80 percent by volume, soil:growth
medium) taken from rhizosphere soil cores.  The germination process was
initiated by adding 80 ml of slow-release Nutricote (N14P14K14) granular fertiliser
to the growing medium.  A 1:200 aqueous solution of N10P52K10 fertiliser solution
was each week during May and June before shifting to lower phosphorous
formulation (N20P20K20) in July.  Seedlings were over-wintered in their containers
at high-elevation and then lifted and transplanted in May of 1991.  All species
were dormant when planted.

The graminoids planted included Agropyron caninum, Agrostis mertensii,
Agrostis scabra, Bromus pumpellianus, Carex albonigra, Carex haydeniana,
Carex nardina, Carex phaeocephala, Elymus innovatus, Festuca altaica, Festuca
brachyphylla, Festuca saximontana, Luzula spicata, Phleum alpinum, Poa alpina,
Poa arctica, Poa pattersonii, and Trisetum spicatum.

The forbs transplanted were Achillea millefolium, Agoseris aurantiaca, Androsace
septentrionalis, Antennaria alpina, Arabis drummondii, Arnica alpina, Artemesia
norvegica, Aster sibiricus, Astragalus aboriginum, Astragalus alpinus, Cerastium
beeringianum, Crepis nana, Draba aurea, Epilobium angustifolium, Epilobium
latifolium, Erigeron compositus, Hedysarum alpinum, Hedysarum mackenzii,
Minuartia rubella, Oxyria digyna, Oxytropis podocarpa, Oxytropis sericea,
Papaver kluanensis, Potentilla diversifolia, Potentilla villosa, Saxifraga
bronchialis, Sedum lanceolatum, Silene acaulis, Solidago multiradiata, Stellaria
longipes, and Taraxacum ceratophorum.

The shrubs transplanted were Arctostaphylos rubra, Arctostaphylos uva ursi,
Betula glandulosa, Dryas integrifolia, Ribes hudsonianum, Salix arctica, Salix
reticulata, Salix stolonifera and Vaccinium vitis idaea.

Good survivorship for the species was recorded in 1994.  Grasses had an
especially high rate of survival.  Forb and shrub survival was variable, while
legumes were relatively consistent (57-67% survivorship).  Plant mortality
occurred most frequently during the winter months, due to harsh conditions and
animal grazing.  The vigour of the surviving seedlings suggests that drought and
nutrient stress had little effect on survival.

Keywords: field trial, propagation, seed collection, seed dormancy, and seed
germination.
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290.  Smyth, C.R.  (1997).  Native legume transplant survivorship and
subsequent seedling recruitment on unamended coal minesoils in the Canadian
Rocky Mountains.  Mountain Research and Development, 17, 2, 145-157.

Transplant survivorship, growth and reproductive performance of several
indigenous high-elevation legume species grown in unamended spoil was
studied at three coalmines in the Canadian Rocky Mountains.

Seeds of each legume species were collected by hand from subalpine and/or
alpine plant populations (metapopulations) located on selected mountains
adjacent to each transplant location.  All seeds were stored in paper bags at
room temperature until extraction and cleaning.  Once processed, the seeds
were stored in plastic bags in a refrigerator at 2-5oC.  Seedling production for the
field transplant trial involved the following process.  Seeds from a single
accession of each species were withdrawn randomly with a Boerner Separator.
Single accessions were chosen to reduce within-species transplant survival
variability.  Accession selection was restricted to populations for which a large
quantity of seed had been collected (N>1000). Seeds of each species were x-
rayed for two minutes in a Faxitron 43855a X-Ray Unit set at 15 KVP.  Pure Live
Seed (PLS) were removed following examination of the x-rays. The seeds were
surface sterilised in 4% Ca(OCl)2 for 10 minutes, rinsed five times in sterile water,
soaked in 95% ethanol for 5 minutes and then rinsed a further five times.  Seeds
that appeared undamaged after the sterilisation process were then scarified
(single cut with sterilised scalpel).  The Cone-TainersTM (depth - 16.3 cm, volume
- 65.5 cm3) were surface sterilised with 2.5% NaOCl and rinsed three times in
sterile water. The soil mix was prepared in two stages.  First, sterilised
(autoclaved) growth medium of 2:1:1 (peat, vermiculite and perlite) was prepared
and subdivided for each species.  The growing media for each respective
species was then mixed with species-specific 2 mm mesh screened soil (20:80
percent by volume soil:growth medium) taken from rhizosphere soil cores.
Finally, two seeds per cone were placed on top of the soil mix and covered with
one centimetre of sterilised forestry grit.  The soil mix was then saturated with
sterile Hoagland's solution.  Subsequent waterings alternated between sterile
water and sterile Hoagland's solution.  The seedlings were grown for 4 months
and then allowed one overwintering period at each site.

Three sets of transplant trials, one at each mine, were established. Five
replicates containing twenty seedlings of each native legume were transplanted
in randomised block designs.  The seedlings were spaced twenty-five
centimetres apart within each block.  Each block was separated by a one-metre
pathway.  Dormant seedlings were transplanted by shovel shortly after snowmelt
in the spring.  Only healthy and nodulated seedlings were transplanted.
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Survivorship varied with species but was highest for Astragalus aboriginum
(62%), Astragalus alpinus (73 - 57%), Astragalus vexilliflexus var. nubilus (73% -
63%) and Oxytropis sericea (77 - 62%).  Mortality was greatest during the first
two years for most species.  The causes of transplant mortality are considered to
be drought stress, deep-seated 'frost-popping'/root exposure and damage, e.g.,
root exposure, destruction of meristematic tissues, by foraging mammals such as
bighorn sheep, mountain goats, grizzly bears and marmots.  Survivorship, growth
and reproductive activity were greatest at the two subalpine disturbances.
Growth varied with species, but the greatest growth increments (height and
diameter) were recorded during the first and second years.  Reproductive activity
for the Astragalus species began during the first year at one location, but, in
general, flowering and seed set did not begin until the second or third years.
Recruitment from seed was small (<10/year).  Several of these species appear to
be suitable for revegetation of subalpine and alpine surface mine disturbances.

Keywords: field trial, forb, propagation, seed collection, seed germination, and
transplant.

291.  Smyth, C.R.  (1997).  Early successional patterns with a native species
seed mix on amended and unamended coal mine spoil in the Rocky Mountains
of southeastern British Columbia, Canada.  Arctic and Alpine Research, 29, 2,
184-195.

A randomised block field experiment was established to compare the effects of
“native” soil and mine spoil substrates on the early successional phases and
diversity of a high-elevation native species introduction program.  Two seeded
and two non-seeded treatments were applied.  Each replicate of the seeded
received a seed mix composed of forty-two native species.  A total of 54 vascular
plants established: 11 grasses, 4 sedges, 38 forbs and 1 shrub. Year-to-year
turnover rates of species ranged from 0 to 88%.  In the fifth year, the mean
maximum total cover for each treatment was SNS - 4%, SS - 62%, NSNS - 21%
and NSS - 82%.  “Native” soil treatments yielded the fastest rate of vegetation
establishment and the highest maximum cover.  Early seral grasses dominated
the vegetation cover although with time, their percentage declined relative to the
forbs.  Three general successional process models were observed. Random
colonisation and facilitation were evident in the non-seeded treatments while
facilitation and tolerance was most evident in the seeded treatments.
Convergence in diversity measurements R, H' and J' was observed.

The species seeded included Achillea millefolium, Agoseris glauca, Agropyron
caninum, Agropyron scribneri, Agrostis scabra, Astragalus. alpinus, Astragalus
bourgovii, Astragalus robbinsii, Astragalus vexilliflexus var. nubilus, Carex
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phaeocephala, Carex rupestris, Corydalis aurea, Crepis nana, Draba paysonii,
Dryas octopetala, Epilobium angustifolium, Festuca brachyphylla, Hedysarum
mackenzii, Lomatium dissectum, Oxytropis podocarpa, Oxytropis sericea,
Phacelia hastata, Phacelia sericea, Poa alpina, Poa pattersonii, Saxifraga
bronchialis, Senecio fremontii, Silene acaulis, Solidago multiradiata, Taraxacum
ceratophorum and Trisetum spicatum.  All of the seeds were collected and
processed by hand.  Seed viability tests were conducted prior to seeding.

Keywords: amendments, field trial, mine reclamation, native species, seed
collection, direct seeding, and succession.

292.  Smyth, C.R.  (1997).  Native grass, sedge and legume establishment and
legume-grass competition at a coal mine in the Rocky Mountains of southeastern
British Columbia.  International Journal of Surface Mining, Reclamation and
Environment, 11, 105-113.

Seed establishment and seedling persistence of seven native high elevation
legume, twelve grass and two sedge species on coal mine spoil were studied
over a period of five years.  Three separate direct seeding experiments were
established: (1) native legume, (2) native grass and sedge and (3) native legume
- agronomic grass competition.  Randomised block experimental designs were
used in each field trial.

In the legume experiment, field seed germination percentages ranged from 41-
65% percent.  At the end of the recording period, survivorship ranged from 20%
(Hedysarum sulphurescens) to 58% (Oxytropis podocarpa and Oxytropis
sericea).  Percent cover increased each year for all species and ranged from 10 -
38% at the end of the fifth growing season.  Recruitment from seed was small for
each species (n<15).

In the grass/sedge experiment, field seed germination percentages ranged from
5 - 61%.  At the end of the recording period, abundances ranged from 3%
(Festuca scabrella) to 74% (Festuca brachyphylla).  Seedling mortality varied
with species, but in general, declined after three years.  Percent cover increased
each year for all species and ranged from 5 - 48% at the end of the fifth growing
season.  Recruitment from seed ranged from 4% (Festuca scabrella) to 24%
(Festuca brachyphylla) individuals.

Competitive dominance or exclusion of the native legumes by agronomic grasses
was also studied.  Legume co-existence was not constrained in the agronomic
bunchgrass - native legume sward but was constrained in the rhizomatous grass
sward - native legume sward.  The amount of above-ground biomass production
constrained the growth of the lower relative growth rate (RGR) native legumes.
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Oxytropis sericea, Astragalus alpinus, Astragalus bourgovii and Astragalus
vexilliflexus var. nubilus were least constrained by the higher densities of
grasses.

Keywords: field trial, forb, propagation, seed collection, seed germination, and
seeding.

293.  Smyth, C.R.  (1999).  1999 Reclamation Assessment – Bullmoose
Operating Corporation.  Prepared for Bullmoose Operating Corporation by
Myosotis Ecological Consulting, Blairmore.  34 pp.

Alpine and subalpine species seed was collected by hand and sown in a
randomised block design at a high-elevation waste rock dump.  After nine years,
the species with the highest percent cover were Astragalus alpinus (8%),
Antennaria alpina (5%), Poa alpina (2%), Festuca brachyphylla (2%), Poa arctica
(5%), Cerastium beeringianum (2%), Minuartia rubella (2%), Artemesia norvegica
(6%), Achillea millefolium (5%), Epilobium angustifolium (3%), Carex haydeniana
(5%), Stellaria longipes (3%), Carex mertensii (2%), Campanula lasiocarpa (1%),
Agrostis mertensii (2%), Solidago multiradiata (2%), Agoseris aurantiaca (3%),
Agrostis scabra (2%), Oxytropis sericea (3%), Oxytropis podocarpa (2%),
Mertensiana paniculata (6%), and Epilobium latifolium) (3%).

Keywords: direct seeding, field trial, seed collection, and seedling.

294.  Smyth, C.R.  (2000).  Assessment of the Operational Native Species List at
Quintette Operating Corporation.  Prepared for Quintette Operating Corporation
by Myosotis Ecological Consulting, Blairmore.  19 pp.

Establishment of native species “islands” at the Quintette Operating Corporation
mine was reviewed.  The criteria used to evaluate the species on the list were
ecosystem restoration function, end land-use objectives, size of species
population, access to species populations, ease of collection of propagules and
method of establishment.

Shrub seed was collected by hand while grass and forb seed was collected
mechanically with a portable vacuum or seed stripper.  Seed was stored in paper
bags at room temperature until extraction and cleaning.  Seed was stored at 2-
5oC in a refrigerator.  “Islands” were established primarily through the
transplanting of seedlings (1+0 stock) produced from seed collected locally or
through direct seeding.  Most of the herbaceous species did not receive any
dormancy-breaking pre-treatments.  The exception was the legume species that
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required mechanical scarification.  Many of the shrubs and trees required
mechanical scarification and/or cold/warm moist stratification.

The graminoids established at high-elevation were Agropyron caninum, Carex
haydeniana, Carex mertensii, Festuca altaica, Festuca brachyphylla, Festuca
saximontana, Poa alpina, Poa alpina, and Poa arctica.  The forbs established at
high-elevation were Achillea millefolium, Artemesia norvegica, Astragalus
alpinus, Epilobium angustifolium, Hedysarum alpinum, Hedysarum alpinum,
Heracleum lanatum, Oxytropis podocarpa, Oxytropis sericea and Oxytropis
splendens.  The shrub species established at high-elevation were Arctostaphylos
uva ursi, Betula nana, Dryas integrifolia, and Salix arctica.

Only woody species were established at low- to mid-elevations in “islands” or
patches.  The woody species established were Alnus incana, Eleagnus
commutata, Larix lariciana, Picea engelmannii, Pinus contorta, Populus
balsamifera, Populus tremuloides, Ribes hudsonianum, Ribes lacustre, Rosa
acicularis, Rubus idaeus, and Salix planifolia.

In general, the current operational native species lists for low and high elevation
were considered appropriate with the exception that the use of Festuca altaica
should be discontinued and Androsace septentrionalis, Carex phaeocephala,
Cerastium beeringianum, and Minuartia rubella should be added to the high
elevation species list.

Keywords: field trial, forb, grass, shrub, propagation, and seed collection.

295.  Smyth, C.R.  (2000).  Reclamation Assessment of the Golden Bear Mine.
Prepared for North American Metals Corporation by Myosotis Ecological
Consulting, Blairmore.  30 pp.

The report reviews the reclamation practices conducted at an open pit gold mine
in northwestern British Columbia.  Test plots were established in the Fleece Bowl
area (alpine/subalpine during September of 1998.  These test plots were
assessed in 1999 and the results indicated that the following seeded species
were successful: (1) Achillea millefolium, (2) Myosotis sylvatica and Polemonium
pulcherrimum.  The successful forbs should be included in subsequent
revegetation programs.  Unfortunately, the grass species were not identified and
therefore the establishment and persistence of individual grass species could not
be evaluated properly in the assessment.

Keywords: field trial, forb and direct seeding.
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296.  Soil and Water Conservation Society.  (1987).  Sources of Native Seeds
and Plants.  Revised Edition.  Soil and Water Conservation Society, Ankeny.  36
pp.

This booklet lists the addresses and telephone numbers of nearly 250 growers
and suppliers of native vegetation in 38 states, Canada and Mexico.

Keywords: forb, grass, seed suppliers, shrub, and trees.

297.  Sorensen, F.C.  (1990).  Stratification Requirements for Germination of
Western Larch (Larix occidentalis Nutt.) Seed.  Research Note PNW-RN-493.
United States Department of Agriculture, Forest Service.  Pacific Northwest
Research station, Corvallis.  11 pp.

A northeast Washington collection of western larch seeds was stratified for 0, 10,
20, 40 and 80 days and incubated at 55, 64 and 73oF.  The germination
percentage of filled seeds and speed and uniformity of germination were
improved by long stratification, particularly at the lowest incubation temperature.
Stratified seeds were also nursery sown in early April and May.  Emergence
occurred when mean air temperatures were low (48-54oF), which indicated that
long stratification would be beneficial in the nursery.  First-year seedling height
was closely related to date of emergence.

Keywords: emergence, germination percent, germination rate, incubation
temperature, stratification, and seedling height.

298.  Steinbauer, G.P. and B. Grigsby.  (1958).  Dormancy and germination
characteristics of the seeds of sheep sorrel, Rumex acetosella L.  Proceedings of
the Association of Official Seed Analysts, 48, 118-120.

Keywords: seed germination.

299.  Steinfeld, D. and C. Archibald.  (1998).  Propagating native grass seed
and seedlings.  Symposium Proceedings: Native Plants Propagating and
Planting, December 9-10, 1998.  (R. Rose and D.L. Haase, Editors).  Oregon
State University, College of Forestry, Nursery Technology Cooperative, Corvallis.
pp. 32-37.

The J. Herbert Stone Nursery produces native grass seed from 36 species
endemic to public lands in the western United States.  Nursery seedbeds are
established from wild seed collections.  Each collection or seedlot is grown
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separately from other seedlots of the same species to prevent cross pollen
contamination.  The article discusses sowing, culturing, harvesting and storage
practices for seed and seedling production information as well as methods and
strategies for achieving successful restoration projects using native grass seed or
seedlings.  The grass species grown at the nursery which also occur in British
Columbia include Bromus carinatus, Bromus vulgaris, Deschampsia elongata,
Deschampsia caespitosa, Elymus glaucus, Festuca idahoensis, Koeleria cristata,
and Poa secunda.

Keywords: grass, propagation, restoration, and seed collection.

300.  Stevens, R. and K.R. Jorgensen.  (1994).  Rangeland Species
Germination through 25 and up to 40 years of Warehouse Storage.  General
Technical Report INT-GTR-313.  United States Department of Agriculture, Forest
Service, Intermountain Research Station, Ogden.  265 pp.

Keywords: seed germination.

301.  Stevens, R. and S.E. Meyer.  (1990).  Seed quality testing for range and
wildland species.  Rangelands, 12, 341-346.

Knowledge of seed lot viability is essential to reliable interpretation of germination
response patterns.  The usual procedure in testing wildland seed is to obtain
germination of most of the viable seed and then to determine the viability of
remaining ungerminated seed using tetrazolium stain testing.  The standard
procedures used for testing are outlined in the Rules for Testing Seed produced
by the Association of Official Seed Analysts.

Keywords: seed germination, seed viability, and testing.

302.  Stevens, R. and K.R. Jorgensen.  (1994).  Rangeland Species
Germination through 25 and up to 40 years of Warehouse Storage.  General
Technical Report INT-GTR-313.  United States Department of Agriculture, Forest
Service, Intermountain Research Station, Ogden.  265 pp.

This reference provides an excellent description of germination studies of
rangeland species that have been subjected to long-term storage.

Keywords: seed germination and seed storage.
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303.  Stevenson, M.J., Ward, L.K. and R.F Pywell.  (1997).  Re-creating semi-
natural communities: vacuum harvesting and hand collection of seed on
calcareous grassland.  Restoration Ecology, 5, 1, 66-76.

Agricultural set-aside and compensation land provide restoration ecologists with
opportunities to re-create semi-natural habitats.  Restoration sites often have
high soil fertility and inadequate seed banks of desirable species.  Sowing
additional seed is a proven method for establishing chalk grassland vegetation.
If seed of local provenance is required, it may be collected by hand or by using
specialised machines.  Ultimately, the mix collected must provide seed suitable
for recreating vegetation similar to that of the donor site.  The authors examined
the ability of a vacuum machine to meet this requirement by comparison with
hand collection, and we discuss possible effects on invertebrates.  Microscope
analysis and glasshouse and filed trials were used to compare the abundance of
seed of different species in harvested mixes with the vegetation composition of
the donor site.  Seed heads of individual species were examined to determine
the number of viable seeds per head and attack rates by phytophagous insects.
The mix contained seed of over half the species recorded on the donor site.  The
seed of taller, more common species was over represented in the mix, at the
expense of some smaller, mat-forming plants.  After one season, however, the
vegetation of the field trial plots was of the same type as that of the donor site
although the proportions of the constituent species differed slightly and certain
species were absent.  Mechanical collection is more efficient than hand
collection.  Endophagous invertebrates are unlikely to be affected by the
machine.  Seed collection requires a combination of methods, precise timing and
careful planning to provide a full range of species and to minimise impacts on
plant and invertebrate populations.

Keywords: seed collection.

304.  St. John, T.V.  (1993).  Breaking seed dormancy. Society for Ecological
Restoration News, 6, 2, 4 and 8.

In this article, the author describes dormancy breaking and/or germination
requirements of seeds.  Information on obscure germination requirements is also
provided.

Keywords: seed dormancy, seed germination.

305.  Tarp, G.  (Chairman).  (1997).  Survey of Equipment and Supplies for
Seed Testing.  ISTA Equipment Committee, International Seed Testing
Association, Zürich.  77 pp.
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The reference contains a description of equipment and supplies for seed testing
available on the market all over the world as well as a directory of supply
companies (370 companies).

Keyword: seed testing.

306.  Taylorson, R.B. and S.B. Hendricks.  (1972).  Phytochrome control of
germination in Rumex crispus L. seeds induced by temperature shifts.  Plant
Physiology, 50, 645-648.

Keywords: seed germination.

307.  Taylorson, R.B. and S.B. Hendricks.  (1973).  Phytochrome
transformation and action in seeds of Rumex crispus L. during secondary
dormancy.  Plant Physiology, 52, 475-479.

Keywords: seed germination.

308.  The Canadian Wildflower Society.  (1998).  Seed exchange: native seeds
available now – Winter 1998.  Wildflower, 14, 1, 44-45.

This is a two-page listing of native species seed that are available in Canada.

Keywords: seed collection.

309.  Thompson, K., Grime, J.P. and G. Mason.  (1977).  Seed germination in
response to diurnal fluctuations of temperature.  Nature, 267, 147-149.

In this article, the authors studied the effects of diurnal fluctuations in
temperature and light on seed germination.  Species were screened for the
capacity to respond to fluctuating temperatures in the light in two stages.  In the
first stage, germination was compared in tow incubators.  One consisted of a
growth room with a diurnal fluctuation of 5oC (20oC day and 15oC night) and the
other was a thermogradient bar that provided constant temperatures (maximum
fluctuation1oC) for 30 batches of seeds distributed at regular intervals across the
range 5-40oC.  This procedure revealed a large number of species with high
germination percentages in fluctuating temperatures but which remained dormant
or partially dormant under constant conditions.  In the second stage of screening,
germination of each of these species was examined in a new incubator that
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provided diurnal temperature fluctuations over a selected range of amplitudes.
The batches, each of 30 seeds, were subjected to diurnal fluctuations that
ranged from 1-12oC.

The species in which germination in the light was promoted by fluctuating
temperatures were: Agropyron repens, Chenopodium rubrum, Juncus effusus,
Mentha arvensis, Phalaris arundinacea, Polygonum persicaria, Ranunculus
repens, Sonchus arvense, Typha latifolia, and Urtica dioica.

Keywords: seed germination.

310.  Thullen, J.S. and D.R. Eberts.  (1995).  Effects of temperature,
stratification, scarification and seed origin on the germination of Scirpus acutus
seeds for use in constructed wetlands.  Wetlands, 15, 3, 298-304.

Scirpus acutus, a native wetland species is commonly used in wetlands
constructed to treat municipal wastewater.  Due to the costly, labor-intensive
practice of transplanting rhizomes, seeding was examined as an establishment
method.  Seeds from a dry riverbed and from a flood control pond were collected,
scarified and cold stratified, then germinated in light- and temperature-controlled
regimes under a 14-hour photoperiod.  Germination rates as high as 97.5% were
reported for seed exposed to a 10oC/25oC regime after a 12-week cold period.
No significant difference in germination percentages was observed between
seeds collected from the two separate locations.

Keyword:  graminoid, seed collection, and seed germination.

311.  Tomback, D.F., Anderies, A.J., K.S. Carsey and M.L. Powell.  (2000).
Delayed seed germination in whitebark pine and regeneration patterns following
the Yellowstone fires.  Ecology, 82, 9, 2587-2600.

Whitebark pine (Pinus alibicaulis) seeds are dispersed by Clark’s Nutcracker
(Nucifraga columbiana), a bird that makes caches under 2-3 cm of soil.  Cached
seeds may delay germination for one or more years in part because of
underdeveloped embryos at the time of seed dispersal.  Consequently, whitebark
pine may show a soil seed bank strategy that is unique among pines (Pinaceae,
Pinus).  From 1990 to 1995, we studied natural whitebark pine regeneration
following the 1988 Yellowstone fires to determine the following: (1) whether
whitebark pine typically exhibits delayed seed germination and, if so, (2) how this
affects patterns of regeneration over time, and (3) whether germination is the
result of seed maturation or is stimulated by high levels of moisture availability.
We established 275 permanent plots, each 20 m2 in area, divided between
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Henderson Mountain, Gallatin National Forest, Montana, and Mt. Washburn,
Yellowstone National Park.  In the Henderson Mountain study area, the
ecological conditions or ”treatments” included the following: dry, burned; moist,
burned; dry, unburned; and moist, unburned.  In the Mt. Washburn study area,
the ecological treatments were dry, burned; moist, burned; and moist, moderately
burned.  Synchronous delayed seed germination occurred throughout both study
areas.  The greatest densities of new seedlings appeared in the summers of
1991 and 1993, but the greatest cone crops were produced in 1989 and 1991.
Most germination followed two winters of seed dormancy.  Regeneration
densities were consistently highest on the Mt. Washburn moist treatments.  High
correlation between weighted means for new regeneration and March-plus-April
precipitation, as well as the results of residual and multiple regression analyses,
suggests that cone production two years prior and March-plus-April precipitation
together account for the regeneration patterns in the Mt. Washburn study area.
The role of precipitation requires further study.

Delayed seed germination, producing a soil seed bank, may be an ecological
strategy in whitebark pine that is the product of selection.  Although
underdeveloped embryos may be a consequence of both a short growing season
and premature seed dispersal by nutcrackers, see caching may further select for
slow embryo maturation, as well as moisture resistant seed coats to reduce non-
adaptive germination.

Keywords:  Clark’s Nutcracker, cone production, delayed germination, Nucifraga
columbiana, Pinus alibicaulis, post-fire regeneration, pines, precipitation, seed
caches, seed dormancy, seedling clusters, whitebark pine, and Yellowstone
National Park fires.

312.  Traveset, A. and M.F. Willson.  (1997).  Effect of birds and bears on seed
germination of fleshy-fruited plants in temperate rainforests of southeast Alaska.
Oikos, 80, 89-95.

The effects of avian and mammal seed dispersers on seed germination were
investigated for six common plant species (five shrubs and one herb) in the
temperate rainforests of southeast Alaska.  Patterns of germination behaviour
were compared between defecated seeds and control (unpassed) seeds for a
period of two year.  Seed passage through vertebrate frugivores enhanced the
germination in Rubus spectabilis, Sambucus racemosa, and Ribes bracteosum.
In contrast, it did not affect seed germination in Oplopanax horridus, Streptopus
amplexifolius, Vaccinium ovalifolium, and Vaccinium alaskaense.  No differences
in germination behaviour were found between bear- and bird-treated seeds,
suggesting that seed retention time (much greater in bears than in birds) in the
guts does not affect germination.  Differences among frugivore effects were
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detected only for Sambucus, with varied thrushes enhancing germination more
than American robins and black bears.  The two colour morphs of Rubus
spectabilis showed similar germination patterns, suggesting that seed dispersers
do not exert an important selective pressure contributing to the maintenance of
the polymorphism, at least through the mechanism of a differential effect on
germination.

The results of this study support the idea that the advantages of animal seed
dispersal lie more in seed movement away from the parent plant than in seed
treatment within the disperser’s guts.

Keywords: forbs, seed dispersal, seed germination, and shrubs.

313.  Tyser, R.W., Asebrook, J.M., Potter, R.W. and L.L. Kurth.  (1998).
Roadside revegetation in Glacier National Park, USA: effects of herbicide and
seeding treatments.  Restoration Ecology, 6, 2, 197-206.

From 1992 to 1995, the authors examined experimentally the effectiveness of
several revegetation treatments along a segment of Going-to-the-Sun Highway in
Glacier National Park, USA.  This segment, reconstructed during the spring and
summer of 1992, is bordered by fescue prairie vegetation and is known to be
susceptible to invasion by several alien species, including Centaurea maculosa
(spotted knapweed) and Phleum pratense (common timothy).  We used a split
plot study design to evaluate the effectiveness of herbicide and seeding
treatments on assisting recovery of native flora and limiting the establishment of
alien species.  The herbicide treatment consisted of a yearly herbicide spray
application of clopyralid (3,6-dichloropicolinic acid).  Five seeding treatments
were evaluated, of which, three included an indigenous graminoid-forb seed mix.
Percent canopy coverages of four species groups – alien graminoids, native
graminoids, alien forbs, and native forbs – were determined in July, 1995.  In
addition, community-level patterns in sprayed plots and unsprayed plots were
compared with a reference site of native fescue prairie.  Herbicide treatments
decreased mean canopy coverage of alien forbs (treated = 4.2%, untreated =
23.4%) and increased mean canopy coverage of native graminoids slightly
(treated = 6.3%, untreated = 8.9%) and likely increased coverage of alien
graminoids.  Treatments that included a fall 1992 seed mix increased native
graminoid coverages 2.8-4.6 times although coverages were still lower than
those attained by alien graminoids.  Native and alien forb coverage appeared
unaffected by seeding treatments.  Species composition was less diverse in
sprayed plots and more dominated by alien grasses than in unsprayed plots and
the reference site.  Areas for additional study are suggested, including seed bank
assays to determine treatment effects on recruitment of alien versus native
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species and the use of native graminoids to create low-diversity communities
with high canopy coverages to resist establishment of alien species.

Species used in this study included the following species: (1) alien graminoids
(Bromus inermis ssp. inermis, Phleum pratense, Poa compressa, and Poa
pratensis), (2) native grasslands (Agropyron caninum, Agrostis scabra, Bromus
carinatus, Elymus glaucus, Festuca idahoensis, Koeleria cristata, and Stipa
occidentalis), (3) alien forbs (Alyssum alyssoides, Centaurea maculosa, Cirsium
arvense, Medicago lupulina, and Taraxacum officianale), (4) native forbs
(Achillea millefolium, Cerastium arvense, Galium boreale, Lupinus sericeus,
Penstemon confertus, and Potentilla gracilis), and (5) native shrubs (Rosa
woodsii).

Keywords: field trial, herbicide, and seeding.

314.  Vaartnou, M.  (1987).  The Market Potential and Production Costs of a
Yukon Native Grass and Legume Seed Industry.  Prepared for the
Canada/Yukon Economic Development Agreement, Whitehorse.  45 pp.

Keywords: seed collection.

315.  Vaartnou, M.  (1988).  The potential of native populations of grasses in
northern revegetation.  Northern Environmental Disturbances.  (P. Kershaw,
Editor).  Boreal Institute for Northern Studies, Occasional Publication No. 24.
University of Alberta, Edmonton.  pp. 31-41.

Keywords: field trial and seed collection.

316.  Vaartnou, M.  (1992).  The northern native grass seed industry – spring
1992.  Mine Reclamation from Exploration to Decommissioning.  Proceedings of
the Sixteenth Annual British Columbia Mine Reclamation Symposium.
Sponsored by the Technical Research Committee on Reclamation, Mining
Association of British Columbia, Ministry of Energy, Mines and Petroleum
Resources, Ministry of Environment, Lands and Parks, The Coal Association of
Canada and the University of British Columbia, Victoria.  pp. 75-109.

The article is a description of the process and progress of developing a native
grass seed industry for northern provenances of grass species.

Keywords: seed collection.
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317.  Vaartnou, M.  (1999).  Establishment of a Native Seed Industry for the
West Coast of Vancouver Island.  Final Report – 1998/1999.  FRBC Reference
Number HQ96105-RE, SCBC Reference Number FR-96/97-366.  Prepared for
Forest Renewal British Columbia by M. Vaartnou and Associates, Richmond.  14
pp.

Considerable interest has been expressed in the use of native species for
reseeding of slide tracks and deactivated roads.  The long-term objective of the
program was the harvest of sufficient seed from breeders’ seed plots that would
enable Forest Renewal British Columbia (FRBC) to allocate seeds of successful
native grass species to established seed companies, on a species by species
basis.  The seed companies could then enter into field-scale seed production
agreements with farmers to grow seed required for revegetation of disturbed
forestry sites on Vancouver Island.  The tasks undertaken in the project included
(1) selection of grasses and legumes native to Vancouver Island, (2)
establishment of trial plots, (3) seed production cost estimates and (4)
multiplication of seed stock.  Plants were established in the seed increase
nursery in rows that were 50 metres long and spaced 1 metre apart.  A total of
200 plants were transplanted in each row, depending on availability.  Sufficient
seed was harvested in 1998 from the Seed Increase Nursery to establish
eighteen new replicated trial sites in September of 1998.  All of the sites chosen
were on abandoned roads that were not fully deactivated.  The plots were 16
metres long by 5 metres wide.  At each site, agronomic grass and native grass
plots were established.  Four native grass seed mixtures were used.  Mixture 1
contained Agrostis scabra, Bromus sitchensis, Danthonia californica, Elymus
glaucus, and Elymus lanceolatus.  Mixture 2 contained Bromus carinatus,
Danthonia californica, Deschampsia cespitosa, Elymus glaucus and Festuca
saximontana.  Mixture 3 contained Bromus sitchensis, Danthonia californica,
Deschampsia elongata, Elymus hirsutus and Festuca saximontana.  Mixture 4
contained Agrostis scabra, Bromus sitchensis, Deschampsia cespitosa, Elymus
glaucus and Festuca saximontana and Poa compressa.  Visual estimates of
each site indicated that there were no major differences in ground cover between
the native and agronomic seed mixtures.

A suitable location for the establishment of the Breeders’ Seed Production plots
was located near Dawson Creek, British Columbia.  Large-scale production of
native grass will likely occur in the Peace Region.

Keywords: breeders’ plots, seed collection, and seed multiplication.

318.  Vaartnou, M.  (2000).  Native grass seed development.  Menziesia, 5, 1, 6-
7, 14.
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Native seed for large-scale reclamation purposes has not been available in
sufficient quantity nor at a reasonable price.  M. Vaartnou and Associates
initiated programs to provide a source of native seed for Vancouver Island and
the northern interior.  The Vancouver Island program was funded through Forest
Renewal British Columbia while the northern program involved the Alberta
Research Council and Dawson Seed Company.  Field trials have been
established on Vancouver Island, northern Alberta, northern British Columbia, the
Northwest Territories and the Yukon.

The Vancouver Island species seeded in Breeder’s Seed Plots near Dawson
Creek included Agrostis scabra, Bromus anomalus, Bromus sitchensis,
Calamagrostis nutkaensis, Calamagrostis stricta, Cinnia latifolia, Deschampsia
cespitosa, Deschampsia elongata, Elymus glaucus, Elymus hirsutus, Elymus
trachycaulus, Festuca rubra ssp. pruinosa, Hordeum brachyantherum, and
Leymus mollis.

The Northwestern Canada program Agropyron pauciflorum, Agropyron
subsecundum, Agropyron violaceum, Festuca saximontana, Poa alpina, Poa
glauca, Poa palustris, and Puccinellia nuttalliana.

Keywords: breeders’ plots, field trial, seed collection, and seed multiplication.

319.  Vaartnou, M.  (2000).  Native grass seed development – summer 2000.
Mine Planning for End land uses in Mine Reclamation.  Proceedings of the
Twenty-Fourth Annual British Columbia Mine Reclamation Symposium,
Convened on June 19-22, 2000 at the Overlander Hotel, Williams Lake, British
Columbia.  Organised by the Technical Research Committee on Reclamation,
Mining Association of British Columbia, Ministry of Energy and Mines, Victoria.
pp. 130-139.

Native seed for large-scale reclamation purposes has not been available in
sufficient quantity nor at a reasonable price.  M. Vaartnou and Associates
initiated programs to provide a source of native seed for Vancouver Island and
the northern interior.  The Vancouver Island program was funded through Forest
Renewal British Columbia while the northern program involved the Alberta
Research Council and Dawson Seed Company.  Field trials have been
established on Vancouver Island, northern Alberta, northern British Columbia, the
Northwest Territories and the Yukon.

The Vancouver Island species seeded in Breeder’s Seed Plots near Dawson
Creek included Agrostis scabra, Bromus anomalus, Bromus sitchensis,
Calamagrostis nutkaensis, Calamagrostis stricta, Cinnia latifolia, Deschampsia
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cespitosa, Deschampsia elongata, Elymus glaucus, Elymus hirsutus, Elymus
trachycaulus, Festuca rubra ssp. pruinosa, Hordeum brachyantherum, and
Leymus mollis.

The Northwestern Canada program Agropyron pauciflorum, Agropyron
subsecundum, Agropyron violaceum, Festuca saximontana, Poa alpina, Poa
glauca, Poa palustris, and Puccinellia nuttalliana.

Keywords: breeders’ plots, field trial, seed collection, and seed multiplication.

320.  Van der Grinten, M. and B.M. Ayers.  (2000). Harvesting native seeds
with a gas hedge trimmer.  Native Plants Journal, 1, 2, 120.

A plastic tub can easily be attached to a gas-powered hedge trimmer, resulting in
an efficient, easily manoeuvred piece of equipment for collecting native plant
seeds.

Keywords: seed collection.

321.  Vankus, V.  (1997).  The tetrazolium estimated viability test for seeds of
native plants.  National Proceedings, Forest and Conservation Nursery
Associations. General Technical Report PNW-GTR-419. (T.D. Landis and J.R.
Thompson, Technical Co-ordinators).  United States Department of Agriculture,
Forest Service, Pacific Northwest Research Station, Portland.  pp. 57-62.

The demand for seed and planting stock of native species has grown
considerably in recent years.  Seed producers and nurseries need clean, viable
high-quality seed of native species.  Seed testing is an important component in
the production process of these seeds and test results can be used to manage a
variety of activities.  One of the tests commonly used to evaluate seed viability is
the tetrazolium or TZ test.  The TZ test measures the activity of the
dehydrogenase enzymes used in the respiration process of seeds.  The enzymes
react with substrates releasing hydrogen ions to the soluble tetrazolium chloride
salt solution.  The colourless TZ salt solution is changed into an insoluble reddish
compound called formazan.  If the embryo and possibly endosperm or secondary
nutrient reserve or storage tissues are actively respiring, formazin will be present
and the tissues will stain red.  Seed viability is determined by evaluating the
amount of area stained, the intensity of the staining, the pattern of the staining
and by evaluating other critical characteristics including turgidity, presence and
damage of essential structures, abnormalities, and pathogen presence.

Keywords: seed testing and seed viability.
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322.  Vegis, A.  (1964).  Dormancy in higher plants.  Annual Review of Plant
Physiology, 15, 185-215.

Keywords: seed dormancy and seed germination.

323.  Vivrette, N.  (1998).  Techniques to determine total viability in native seed.
Symposium Proceedings: Native Plants Propagating and Planting, December 9-
10, 1998.  (R. Rose and D.L. Haase, Editors).  Oregon State University, College
of Forestry, Nursery Technology Cooperative, Corvallis.  pp. 23-24.

The deep dormancy exhibited by seeds of many native plants can lead to the
underestimation of total viability in laboratory tests.  Pre-treatment of dormant
seeds with gibberellic acid (GA3) to break dormancy prior to testing for
germination or total viability can give a more accurate assessment of seed
quality.

Keywords: seed dormancy, seed germination, and seed testing.

324.  Vories, K.C.  (1980).  Growing Colorado Plants from Seed: A State of the
Art.  Volume 1.  Shrubs.  General Technical Report INT-103.  United States
Department of Agriculture, Forest Service, Intermountain Forest and range
Experiment Station, Ogden.  80 pp.

This reference is a compendium of information describing seed propagation seed
collection, seed cleaning seed storage, pre-sowing treatments seed sowing, and
seed coverings for several shrub species.  The shrubs described that occur in
British Columbia include Amelanchier alnifolia, Mahonia repens, Ribes lacustre,
and Rosa woodsii.

Keywords: seed cleaning, seed germination, seed pre-treatments, seed storage
and shrubs.

325.  Vose, P.B.  (1962).  Delayed germination in reed canary-grass Phalaris
arundinacea L.  Annals of Botany, 26, 197-206.

Keywords: seed germination and Phalaris arundinacea L.
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326.  Wark, D.B., W.R. Poole, R.G. Arnott, L.R. Moats and L. Wetter.  (1998).
Revegetating with Native Grasses.  Ducks Unlimited Canada, Stonewall.  133 pp.

This manual provides guidelines for site preparation, weed control, seed quality
and seeding techniques.  Information is tailored to the fescue, tallgrass and
mixed grass prairie regions of Alberta, Saskatchewan and Manitoba.  Field-
tested information is provided for those wishing to conduct moderate- to large-
sized wildlife habitat restoration/reclamation.

The manual includes the following main sections:  planting objectives, pre-
planting preparations, seed quality, preparing a seed mix, seed importation,
planting year activities, post-planting weed control, grasshopper control, stand
evaluation and post-establishment management.

Sections containing flow charts for weed control and information on sculptured
seeding techniques are particularly well done.  Species descriptions for 32 native
grasses, forbs and shrubs are included in the appendices.

Keywords: seed collection, seed quality, and seeding.

327.  Watson, L.W., R.W. Parker and D.F. Polster.  (1980).  Manual of Species
Suitability for Reclamation in Alberta.  2 Volumes.  Reclamation Research
Technical Advisory Committee Report No. RRTAC 80-5.  Alberta Land
Conservation and Reclamation Council, Edmonton.  541 pp.

This publication is a compendium of the characteristics of grass, forb, shrub, and
tree species and their attributes that make them suitable for reclamation in
Alberta.  Seed collection and germination information is presented in addition to
the autecological information.

Keywords: reclamation, native species, seeding, forbs, grasses and shrubs.

328.  Wein, R.W. and D.A. MacLean.  (1973).  Cotton grass (Eriophorum
vaginatum) germination requirements and colonising potential in the Arctic.
Canadian Journal of Botany, 51, 2509-2513.

Germination requirements of cotton grass (Eriophorum vaginatum L.) were
investigated to determine its potential for reseeding disturbed areas of the arctic
tundra.  Maximum seed production was 15.7 kg/ha, although production and
viability varied widely.  There was no seed dormancy and temperatures of 25-
30oC produced maximum germination rates.  A light treatment enhanced
germination but was not required.  Cotton grass seed germinated under less
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favourable moisture conditions than several other native grasses that strongly
invade disturbed arctic sites.  Loss of viability during storage under room
conditions was high for the first 10 months, yet 27.6 – 52.5% of the seed
remained viable at 19 months.  The role that this species could play in
revegetation is discussed.

Keywords: seed germination, seed production, and sedge.

329.  Wheeler, W.A. and D.D. Hill.  (1957).  Grassland Seeds.  D. Van Nostrand
Company Incorporated, Princeton.  734 pp.

Keywords: seed production and seed germination.

330.  Wiesner, L.E.  (1999).  Important biological factors for utilising native plant
species.  Revegetation with Native Species: Proceedings, 1997 Society for
Ecological Restoration Annual Meeting; November 12-15, 1997, Fort Lauderdale,
Florida.  (L.K. Holzworth and R.W. Brown, Compilers).  Report RMRS-P-8.
United States Department of Agriculture, Forest Service, Rocky Mountain
Research Station, Ogden.  pp. 39-43.

Native plant species are valuable resources for revegetation of disturbed
ecosystems.  The success of these plantings is dependent on the native species
selected, quality of seed used, condition of the soil, environmental conditions
before and after planting, planting equipment used, and time of planting.  Most
species produce dormant seed.  Dormancy in domesticated and wild species can
make it difficult to establish stands; however, in wild species seed dormancy is
one method of perpetuating the species.  Temperature, moisture, and light
requirements for germination of each species are important factors to know
before planting.  Each species has an optimum temperature range in which it will
germinate.  Successful stand establishment begins in the seed production field or
collection area with proper nutrient balance, moisture, weed control, time of
harvest, seed drying, seed handling, seed conditioning, and storage.  Improper
harvesting and storage can quickly reduce seed quality.  All of these factors must
be considered when using native species for revegetation.

Keywords: seed conditioning, seed dormancy, seed production, and seed
storage.

331.  Wiesner, L.E. and R.C. Kinch.  (1964).  Seed dormancy in green
needlegrass.  Agronomics Journal, 56, 371-373.
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Keywords: seed dormancy.

332.  Williams, J.T. and J.L. Harper.  (1965).  Seed polymorphism and
germination.  1.  The influence of nitrates and low temperatures on the
germination of Chenopodium album.  Weed Research, 5, 141-150.

Keywords: seed germination.

333.  Wolff, S.E.  (1951).  Harvesting and Cleaning Grass and Legume Seed in
the Western Gulf Region.  United States Department of Agriculture, Agriculture
Handbook 24. United States Department of Agriculture, Washington, D.C.  106
pp.

Keywords: seed cleaning and seed collection.

334.  Young, J.A., J.D. Budy and R.E. Evans.  (1983).  Germination of seeds of
wildland plants.  Proceedings: Intermountain Nurseryman’s Association
Conference, August 8-11, 1983, Las Vegas, Nevada. United States Department
of Agriculture, Forest Service, Intermountain Forest and Range Experiment
Station, Ogden.  93 pp.

Keywords: seed germination.

335.  Young, J.A. and R.A Evans.  (1976).  Stratification of bitterbrush seeds.
Journal of Range Management, 29, 5, 421-425.

Keywords: seed germination.

336.  Young, J.A. and R.A Evans.  (1977).  Squirreltail seed germination.
Journal of Range Management, 30, 1, 33-36.

Germination tests on squirreltail seed showed that three temperature regimes
always produced optimum germination of 76 to 100%.  We defined optimum as
not statistically (p = 0.01) different from maximum.  The always optimum
temperature regimes were (1) a constant 15oC, (2) alternating 10/15o C (16 hours
cold/8 hours warm each day, and (3) 10/20oC.  When seed was produced in a
year with good growing conditions, optimum germination extended over a wide
range of temperatures.  At optimum temperatures, the rate of germination was
very rapid with a high percentage of total germination occurring within a week.
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The lack of inherent germination requirements that restrict germination, high
germinability, and a rapid rate of germination help to explain the colonizing ability
of this species.

Keywords: grass and seed germination

337.  Young, J.A. and R.A. Evans.  (1979).  Arrowleaf balsamroot and mules-
ear seed germination.  Journal of Range Management, 32, 1, 71-74.

Diurnal temperatures of 10oC for 16 hours and 25oC for 8 hours promoted
maximum germination.

Keywords: seed germination.

338.  Young, J.A., R.A. Evans, R.E. Eckert, Jr. and R.D. Ensign.  (1981).
Germination-temperature profiles for Idaho and sheep fescue and Canby
bluegrass.  Agronomy Journal, 73, 716-720.

Sheep fescue (Festuca ovina L.), Idaho fescue (Festuca. idahoensis Elmer), and
Canby bluegrass (Poa canbyi [Scribn.] Piper) are valuable forage species native
on western rangelands.  The success of artificial or natural revegetation of
degraded or disturbed rangeland with these native species is partially dependent
on understanding their germination and seedbed ecology.  Germination tests
were conducted at 55 regimes of constant and alternating temperatures.
Constant temperatures were at 0, 2, and 5oC degree increments from 5 through
40oC.  Alternating temperature regimes consisted of 16 hours in 24 at each
constant temperature.  The germination from these 55 temperature profiles was
used to construct quadratic response surfaces giving estimated percent
germination with confidence intervals for each seed source tested.  A series of
germination profile characteristics was generated from these response surfaces
to help interpret the germination response of the seeds to temperature.  There
were significant (P = 0.01) differences in mean germination among the seed
sources tested.  “Covar’ sheep fescue had the highest mean germination, with
most of the Idaho fescue sources intermediate and “Canbar’ Canby bluegrass
lowest in germination.  Covar sheep fescue was the only source tested that
germinated above 76% at many temperature regimes.  Most of the sources
tested had maximum germination in the 51 to 75% range.  Optimum germination,
defined as that not lower than the maximum and its confidence interval (P =
0.01), occurred around 15/20oC (15oC for 16 hours and 20oC for 8 hours) for the
Idaho fescue sources but extended to lower temperatures for Covar sheep
fescue and Canbar Canby bluegrass.  Synthetic varieties of Idaho fescue had
higher germination at warmer and more widely fluctuating temperatures than the
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other two species.  In relation to seedbed temperatures monitored in field
studies, Covar sheep fescue had the highest germination at moderate and
colder-than-moderate seedbed temperatures.  They synthetic varieties of Idaho
fescue had the highest germination at warmer-than-moderate seedbed
temperatures.

Keywords: grass, seedbed, and seed germination.

339.  Young, J.A., R.A. Evans, B.L. Kay, R.E. Owen and J. Budy.  (1981).
Collecting, Processing and Germinating Seeds of Western Wildland Plants.
United States Science and Education Administration, Agricultural Reviews and
Manuals.  ARM-W-3, Oakland.  43 pp.

The collection of seeds from native stands is often the only way of propagating
these species.  The general seed industry has developed many technical
machines for harvesting and processing cereal, vegetable, and flower seeds.
Examples are provided for adapting these machines for use with seeds of plants
collected from wildlands.  Numerous hand techniques are described.  Since
crops of seeds are not produced every year, seeds of native species must be
stored.  Seeds must be stored carefully to ensure viability.  Many seeds of
wildland plants have dormancy requirements that must be overcome in order to
culture these species.  Few methods exist for overcoming the dormancy of most
native plant species.  Simple tests can be applied to increase the germination of
dormant seeds.

Keywords: seed cleaning, seed germination, seed harvesting, and seed storage.

340.  Young, S., S. Kitchen, J. Armstrong and V. Watson.  (1995).  AOSCA
approves certification guidelines for wildland collected seed.  Seed World,
January, 20-21.

This article describes a proposed certification program for native seed collected
from wildlands.

Keyword: seed certification and seed collection.

341.  Young, J.A. and C.G. Young.  (1986).  Collecting, Processing and
Germinating Seeds of Wildland Plants.  Timber Press, Portland.  236 pp.

This reference provides plant propagation information for the following species
that occur in British Columbia.  The first half of the book describes field surveying
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and marking to locate plants suitable for seed production, timing of seed
collection and harvesting, techniques for seed cleaning, storage practices,
methods of seed stratification (temperature regimes, chemical treatment,
mechanical treatment), germination testing and sowing practices.  The second
half of the book outlines the specific collecting, cleaning, germination ands
sowing of tree seed by genus and species shrub species by genus and species,
herbaceous species by family and grass by family.

The tree genera described include Abies, Acer, Alnus, Arbutus, Betula,
Chamaecyperus, Cornus, Crataegus, Fraxinus, Ilex, Juniperus, Larix, Picea,
Pinus, Populus, Prunus, Pseudotsuga, Quercus, Thuja, and Tsuga.

The shrubs described include Acer glabrum, Amelanchier, Arctostaphylos,
Artemesia, Cassiope, Ceanothus, Cercocarpus, Chrysothamnus, Clematis,
Gaultheria, Holodiscus, Kalmia, Ledum, Lonicera, Mahonia, Myrica, Osmaronia,
Phyllodoce, Physocarpus, Potentilla, Purshia, Rhamnus, Rhododendron, Ribes,
Rosa, Rubus, Sambucus, Shepherdia, Sorbus, Spirea, Symphoricarpos, and
Viburnum.

The forb species described includes Achillea, Allium, Anthemis, Apocynum,
Aquilegia, Arabis, Aster, Astragalus, Balsamorhiza, Barbarea, Brassica,
Castilleja, Chenopodium, Cirsium, Clarkia, Comandra, Crepis, Delphinium,
Descurainia, Dicentra, Dodecatheon, Eriogonum, Erodium, Euphorbia, Fragaria,
Geranium, Grindelia, Geum, Heterotheca, Heuchera, Hieracium, Hypericum,
Inula, Lactuca, Lathyrus, Lilium, Linaria, Linum, Lupinus, Lythrum, Medicago,
Mimulus, Montia, Opuntia, Oenothera, Oxalis, Papaver, Penstemon Phacelia,
Phlox, Plantago, Portulaca, Potamogeton, Potentilla, Primula, Pyrola,
Ranunculus, Sagittaria, Salsola, Sanguisorba, Sedum, Senecio, Silene,
Sisymbrium, Stanleya, Taraxacum, Thalictrum, Thlaspi, Trifolium, Verbascum,
Verbena, Veratrum, Veronica, Vicia, and Viola.

The graminoid species described include Agropyron, Agrostis, Aira, Alopecurus,
Anthoxanthum, Bromus, Calamagrostis, Carex, Cyperus, Danthonia,
Echinochloa, Eleocharis, Elymus, Eragrostis, Festuca, Holcus, Juncus, Lolium,
Melica, Oryzopsis, Panicum, Phalaris, Phleum, Poa, Puccinellia, Scirpus,
Sitanion, Stipa, Trisetum, and Typha.

Keywords: forbs, grasses, shrubs, seed cleaning, seed collection, seed
germination, seed storage and trees.

342.  Young, J.A. and C.G. Young.  (1992).  Seeds of Woody Plants in North
America.  Revised and Enlarged Edition.  Dioscorides Press, Portland.  407 pp.
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This reference provides a summary of the international literature describing the
seed biology of woody species.  Plants are listed alphabetically by genera.  A
general indication of seed germination tendencies associated with specific
genera is listed.  More than 70% of the genera from the Fabaceae require
scarification compared to 13% for all genera.  Over 70% of the genera of the
Rosaceae require prechilling.

Over 40% of the genera contain species whose seeds germinate without pre-
treatment provided the seeds have been properly harvested, threshed, and
stored before being placed on a suitable substrate with moisture and adequate
incubation temperatures.  In contrast, only 2% of the genera contain species
whose seeds are dormant and whose dormancy cannot be broken by
conventional treatments.

The two major pre-germination treatments are prechilling and scarification.
Approximately 25% of the genera require pre-chilling to enhance or condition
germination.  Thirteen percent require seed coat or fruit pericarp removal or
breaking by mechanical, chemical, or thermal means (scarification) while 6%
require light to enhance of condition germination.

Roughly 10% of all the genera have species whose seeds are characterised by
complex double dormancy.  The most common form of this dormancy requires
warm stratification followed by prechilling to condition germination.  Seeds of
these species often do not germinate naturally until two seasons after they
mature.  Only a few genera have more than two types of dormancy.

The genera listed and found in British Columbia include: Abies, Acer, Alnus,
Amelanchier, Andromeda, Aralia, Arbutus, Arctostaphylos, Artemesia, Atriplex,
Berberis, Betula, Castanea, Ceanothus, Chamaecyparis, Chrysothamnus,
Clematus, Cornus, Corylus, Cotoneaster, Crataegus, Cytisus, Eleagnus,
Eriogonum, Fagus, Fraxinus, Gaultheria, Gutierrezia, Holodiscus, Ilex, Juniperus,
Kalmia, Larix, Lonicera, Lupinus, Myrica, Oemleria, Penstemon, Philadelphus,
Physocarpus, Picea, Pinus, Populus, Prunus, Pseudotsuga, Purshia, Pyrus,
Quercus, Rhamnus, Rhododendron, Rhus, Ribes, Rosa, Rubus, Salix,
Sambucus, Shepherdia, Sorbus, Spirea, Symphoricarpos, Taxus, Thuja, Tsuga,
Ulmus, Vaccinium, and Viburnum.

Keywords: seed collection, seed germination, seed pretreatments, and seed
storage.

343.  Zasada, J.C. and L.A. Viereck.  (1975).  The effect of temperature and
stratification on germination in selected members of the Salicaceae in interior
Alaska.  Canadian Journal of Forest Restoration, 5, 333-337.
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Alaskan Salicaceae can be subdivided into two groups on the basis of timing of
seed dispersal.  The early-seeding species include members of the genus
Populus and the majority of Salix species.  Late-seeding species include seven
members of the genus Salix.  On tests of five species, the seed of four early-
seeding species germinated completely at temperatures of 25, 20, 15, 10 and
5oC.  The seed of one late-seeding species germinated completely only after
stratification and then only at 25, 20, and 15oC.

Keywords: seed germination, seed storage, shrub, and trees.

344.  Zemetra, R.S., C. Havstad and R.L. Cuany.  (1983).  Reducing seed
dormancy in Indian ricegrass (Oryzopsis hymenoides).  Journal of Range
Management, 36, 2, 239-241.

Indian ricegrass (Oryzopsis hymenoides [Roem. and Schult.] Ricker) is an
excellent native species for revegetation of coal and oil shale sites.  However,
inadequate germination due to a high seed dormancy results in poor stand
development and limits its use.  This paper presents the results of a series of
experiments attempting to reduce the dormancy by weakening the lemma and
palea by scarification of the seed covering.  Four treatments (three mechanical
and one concentrated sulphuric acid) were examined, alone and in combination
with gibberellic acid.  Three ages of seed were tested in the greenhouse, the
laboratory and the field.  Concentrated sulphuric acid and a modified commercial
scarifier most effectively increased germination in the greenhouse; gibberellic
acid enhanced germination of the younger, fresher seeds in this environment.  A
rubbing machine improved emergence in the field more that the other treatments.
It was, however, only a modest improvement.  Concentrated sulphuric acid
decreased field emergence for all 3 ages of seed.  Germination studies in the
laboratory indicated that none of the treatments increased mortality.

Keywords: grass, scarification, seed dormancy, and seed germination.

345.  Zensen, F.  (1981).  Seed processing – management techniques.
Proceedings of Intermountain Nurseryman’s Association and Western Forest
Nursery Association, Combined Meeting, August 12-14, 1980, Boise, Idaho.
General Technical Report INT-109.  United States Department of Agriculture,
Forest Service, Intermountain Forest and range Experiment Station, Ogden.  pp.
67-70.

Management techniques to help meet the basic objective of seed extraction
involve the collection of high quality and clean seed.  Seed extraction based
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upon a five component management framework: planning, organisation,
motivation, control and innovation.

Keywords: seed collection, seed extraction, and seed processing.

346.  Ziemkiewicz, P.F. and E.H. Cronin.  (1981).  Germination of seed of three
varieties of spotted locoweed.  Journal of Range Management, 34, 2, 94-97.

Spotted locoweed (Astragalus lentiginosus Dougl.), one of the principal
locoweeds of western rangelands, consists of 36 varieties.  The objectives of this
study included the definition of some of the factors influencing seed germination
of the species.  Five seed collections were studied; they represented five
different geographical and edaphic locations.  Three varieties of spotted
locoweed were represented by these collections.  The seed coat of the varieties
studied was impermeable to water.  Seed also contained a water-soluble
germination inhibitor.  Germination was not affected by light.  Optimal
germination occurred at the temperature regime 7/13oC.  However, at –1/4 and
21/27oC, though it was slower, high percentage germination was ultimately
achieved.  Although salinity inhibited germination, seed from the different sources
showed different tolerances to salinity.

Keywords: forb and seed germination.
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Appendix A.  Survey Questionnaire

Study Description – Please respond to all of the points that are applicable.

1. Study Objectives:

2. Funding Agency

3. Plant Species:

4. Location of Study:

5. Seed Collection Location or Source of Seeds:

6. Research Start Date:

7. Duration (length) of Research (etc, months, years):

8. Experimental Design:

9. Number of Replicates:

10. Monitoring or Recording Frequency (e.g., monthly, annually, biennially, etc.):

11. Type of Data Collected (number, percent cover, height, vigour, productivity,
number or percent flowering, number of seeds produced, percentage browsed,
etc.):

12. Method of Seed Acquisition (purchased, hand collected, seed stripper,
vacuum etc.):

13. Timing of Collection (if relevant):

14. Seed Storage Conditions:

15. Seed Pre-treatments:

16. Percent Germination (lab, greenhouse, germinator, field):

17. Seed Viability Testing (tetrazolium chloride, X-Ray, etc.):
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Appendix B.  Native Plant Societies

Alaska Native Plant Society Alberta Native Plant Council
P.O. Box 141613 Garneau, P.O. 52099
Anchorage, Alaska Edmonton, Alberta, Canada
99514-1613, USA T6G 2T5

http://www.anpc.ab.ca

Idaho Native Plant Society Montana Native Plant Society
P.O. Box 9451 P.O. Box 878
Boise, Idaho Missoula, Montana
83707, USA 59807-8782, USA

Native Plant Council of British Columbia Native Plant Society of Oregon
2012 Williams Street 2584 NW Savier Street
Vancouver, British Columbia, Canada Portland, Oregon
V5L 2X6 97210-2412, USA
npsbc@hotmail.com http:www.npsoregon.org

Washington Native Plant Society
P.O. Box 28690
Seattle, Washington
98118-8690, USA
www.wnps.org

Appendix C.  Periodicals Addresses and Websites

Forestry Nursery Notes Native Plants Journal
Tom Landis University of Idaho
Forest Research Nursery Moscow, Idaho
United States Department of Agriculture 83844-1137, USA
Forest Service nativeplants@uidaho.edu
Cooperative Programs http://www.uidaho.edu/nativeplants
2606 Old Stage Road http://www.idahonativeplants.org
Central Point, Oregon http://www.nativeplants.for.uidaho.edu
97502-1300, USA

United States Department of Agriculture Wildflower
Forest Service P.O. Box 335
Reforestation, Nurseries, and Genetics Postal Station F
http://www.na.fs.fed.us/spfo/rngr Toronto, Ontario, Canada

M4Y 2L7
http://www.wildflowermag.com

Washington State University
Native Plants
http://gardening.wsu.edu/text/nwnative.htm
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Appendix D.  Seed Collectors and Suppliers

Alberta Tree Improvement and Seed Centre
Alberta Environment
P.O. Box 750
Smoky Lake, Alberta
T0A 3C0
Tel: (780)-656-5072
Fax: (780)-656-2120

Arctic and Alpine Seed
105 Granite Road
Whitehorse, Yukon
Y1A 2V8
Tel: 1-867-667-2756
Fax: 1-867-667-4595
Email: rlewis@arcticalpineseed.com
Website: http://www.arcticalpineseed.com

Seeds available: Achillea millefolium, Agropyron violaceum, Agrostis scabra,
Deschampsia cespitosa, Festuca campestris, Festuca saximontana, Poa alpina,
Poa palustris, and Puccinellia distans.

Bitterroot Restoration Incorporated
445 Quast Lane
Corvallis, Montana
59828, USA
Tel: (406) 961-4991
Fax: (406) 961-4626
Website: http://www.revegetation.com

Dawson Seed Company
17802 66th Avenue, Building B
Surrey, British Columbia
V3S 7X1
Tel: (604) 576-8633
Fax: (604) 576-8634
Website: http://www.dawsonseed.com/
Email: jeri@dawsonseed.com
Seeds available: several native grass “cultivars” and ecovars.



Native Seed Literature Review for British Columbia                               British Columbia Forest Service – Invermere Forest District

Myosotis Ecological Consulting, 52 Prestwick Cove SE, Calgary, Alberta, T2Z 3M3 150

Eastern Slopes Rangeland Seeds Limited
P.O. Box 273
Cremona, Alberta
T0M 0R0
Tel: (403) 637-2473
Fax: (403) 637-2724

Granite Seed Company
P.O. Box 177
Lehi, Utah
84043, USA
Website: http://www.graniteseed.com

Seeds available: Achillea millefolium, Agropyron violaceum, Agrostis scabra,
Aquilegia flavescens, Aster engelmannii, Balsamorhiza sagittata, Castilleja
rhexifolia, Chrysanthemum leucanthemum, Cichorum intybus, Epilobium
angustifolium, Eriogonum umbellatum, Gaillardia aristata, Geranium
viscossimum, Hedysarum boreale, Iris missouriensis, Linum perenne, Lupinus
argenteus, Lupinus sericeus, Monardia fistulosa, Penstemon fruticosus, Phlox
drummondii.

Hannas Seeds
5039 – 49th Street
Lacombe, Alberta
Tel: 1-800-661-1529
Fax: (403) 782-6503
Website: http://www.hannasseeds.com

Lawyer Nursery Incorporated
950 Highway 200 West
Plains, Montana
59859-9706, USA
Tel: (406)-826-3881
Fax: (406) 826-5700
Website: www.lawyernsy.com
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Linnaea Nurseries Limited
3666 224th Street
Langley, British Columbia
V2Z 2G7
Tel: (604) 533-8381
Fax: (604) 533-8246

Pacific Rim Native Plants
44305 Old Orchard Road
Chilliwack, British Columbia
V2R 1A9
Email: plants@hillkeep.ca
Website: http://www.hillkeep.ca

PRT Reid Collins
2396 272 Street
P.O. Box 430
Aldergrove, British Columbia, Canada
V4W 2T9
Tel: (604) 856-6408
Fax: (604) 856-4218

Pickseed Canada Incorporated
P.O. Box 3230
Sherwood Park, Alberta
T8A 2A6
Tel: (780) 464-0350
Fax: (780) 464-0305
email: pickseed@telusplanet.net
Website: http://www.pickseed.com

Seeds Available: Agropyron violaceum, Festuca campestris, Festuca idahoensis,
Festuca occidentalis, Festuca saximontana, Poa alpina, Poa sandbergii, Stipa
comata, Stipa curtiseta, Stipa hymenoides, and Vicia americana.

Prairie Seeds Incorporated
1805 – 8th Street
Nisku, Alberta
T9E 7S8
Tel: (403) 955-7345
Fax: (403) 955-7718
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Seeds Available: Agropyron violaceum, Deschampsia cespitosa, Festuca
saximontana, Koeleria macrantha, Poa alpina, Stipa comata and Stipa
hymenoides.

Quality Seed Collection Limited
P.O. Box 1531
Kamloops, British Columbia
V2C 6L8
Tel: (250) 374-9689
Fax: (250) 374-9654

Richardson Seed
4055 McConnell Drive
Burnaby, British Columbia
V5A 3A7
Tel: (604) 420-3437
Fax: (6040 420-2314

Silva Enterprises Limited
P.O. Box 2888 Station B
Prince George, British Columbia, Canada
V2N 4T7
Tel: (250) 963-8617
Fax: (250) 963-3490

Streamside Native Plants
RR#1, Site 160, Comp 27
Bowser, British Columbia
V0R 1G0
Tel: (250) 338-7509
Fax: (250) 757-8767
Website: http://www.streamsidenativeplants.com
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Tree Seed Centre
Tree Improvement Branch
British Columbia Ministry of Forests
Surrey, British Columbia
Tel: (604) 541-1683
Fax: (604) 541-1685
Website: http://www.for.gov.bc.ca/TIP/

Yellow Point Propagation
13735 Quennell Road
Ladysmith, British Columbia, Canada
V9G 1G8
Tel: (250) 245-4635
Fax: (250) 245-5935

Appendix E.  Seed Equipment Suppliers

Ben Meadows Company - collection equipment such as pruning poles,
3589 Broad Street   pruning shears, and planting bags
Atlanta, Georgia
30341, USA
Tel: 1-800-241-6401
Fax: 1-800-628-2068
email: mail@benmeadows.com
Website: http://www.benmeadows.com

Canadian Forestry Equipment - collection equipment such as pruning poles,
17854-106A Avenue   pruning shears, and planting bags
Edmonton, Alberta
T5S 1V3
Tel: 1-800-661-7959
Fax: 1-800-263-1878
Email: cfe.edm@netcom.ca
Website: http://www.cfe.ca

Can-Seed Equipment Limited - seed processing and handling equipment
43 Turner Avenue
Winnipeg, Manitoba, Canada
R3J 2S9
Tel: (204)-889-2941
Fax: (204) 889-2941
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Carter-Day Industries (Canada) Limited - debeaders, seed cleaning equipment,
1425 Whyte Avenue   hardware, cloth and screens
P.O. Box 488
Winnipeg, Manitoba, Canada
R3C 2J6
Tel: (204) 786-5781
Fax: (204) 783-9404
Website: http://www.carterday.com

Forestry Suppliers Incorporated - collection equipment such as pruning poles,
205 West Rankin Street   pruning shears, and planting bags
P.O. Box 8397
Jackson, Mississippi
39284-8397, USA
Tel: (601) 354-3565
Fax: (601) 355-5126
Email: int@forestry-suppliers.com
Website: http://www.forestry-suppliers.com

Hoffman Manufacturing Incorporated - seed processing and testing equipment
International Agri-Supply
325 11th Avenue SE
P.O. Box 547
Albany, Oregon
97321, USA
Tel: (541)-926-2920
Fax: (541) 926-3949
email: hoffman@proaxis.com
Website: www.hoffmanmfg.com

Johnny’s Selected Seeds - seed collection equipment
1 Foss Hill road
RR 1, Box 2580
Albion, Maine
04910-9731, USA
Tel: (207) 437-4301
Fax: (207) 437-2165
Website: http://www.johnnyseeds.com

Neville Crosby Incorporated - collection equipment such as pruning poles,
(Division of CFE Industries Incorporated   pruning shears, and planting bags
445 Terminal Avenue
Vancouver, British Columbia
V6A 2L7
Tel: (6040 662-7272
Fax: (604) 662-8133
Website: http://neccros.com
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Prairie Habitats Incorporated - hand-held native seed line stripper
P.O. Box 1
Argyle, Manitoba, Canada
R0C 0B0
Tel: (204) 467-9371
Fax: (204) 467-5004
email: jpmorgan@mb.sympatico.ca
Website: http://www.prairiehabitats.com

Seedburo Equipment Company - seed processing and testing equipment
1022 West Jackson Boulevard
Chicago, Illinois
60507-2990, USA
Tel: 312-738-3700
Fax: 312-738-5329
http://www.seedburo.com
email: sales@seedburo.com

Western Tree Seeds Limited - cone cutting device
P.O. Box 144
Blind Bay, British Columbia
V0E 1H0
Tel: (250) 675-2463
Fax: (250) 675-2202

Appendix F.  Seed Testing Organisations or Companies

Association of Official Seed Analysts BioVision Seed Research Limited
201 North 8th Street, Suite 400 9954 – 67th Avenue
P.O. Box 81152 Edmonton, Alberta, Canada
Lincoln, Nebraska, USA T6E 0P5
68501-1152 Tel: (780) 436-8822
Tel: (402) 476-3852 Fax: (780) 437-6875
Fax: (402) 476-6547 email: biovision@biovision.ca
Website: http://www.aosaseed.com/ Website: http://biovision.com

International Seed Testing Association Scientificals Consulting
Secretariat 309-7297 Moffat Road
P.O. Box 412 Richmond, British Columbia, Canada
8046, Zürich V6Y 3E4
CH-Switzerland Tel: (604) 278-4904
Tel: 41-1371-31-33 Fax: (604) 278-4904
Fax: 41-1-371-34-27
email: istach@prolink.ch
Website: http://www.seedtest.org
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Appendix G.  Contacts

Adama, Doug (Contract Wildlife Biologist)
Columbia Basin Fish and Wildlife Compensation Program
East Kootenay Office
# 2, 108 Industrial Road
Athalmer, British Columbia
V0A 1K5
E-mail: Doug.Adama@bchydro.bc.ca

Berg, Gail, B.Sc., P.Ag.
Invermere Forest District
British Columbia Ministry of Forests
P.O. Box 189
626 – 4th Street
Invermere, British Columbia
V0A 1K0
Tel: (250) 342-4200
Email: gail.berg@gems8.gov.bc.ca

Burton, Philip, Ph.D., R.P.Bio.
Symbios Research and Restoration
P.O. Box 3398, 3868 13th Avenue
Smithers, British Columbia
Canada, V0J 2N0
Website: http://www.bulkley.net/~symbios/
E-mail: symbios@shaw.ca

Costanzo, Brenda
13-3936 Gordon Head Road,
Victoria, B.C.  V8P 4X3
Tel: (250) 472-6142
E-mail: Brenda.Constanzo@gems7.gov.bc.ca

Gall, Mike (BC Parks)
E-mail: Mike.Gall@gems7.gov.bc.ca



Native Seed Literature Review for British Columbia                               British Columbia Forest Service – Invermere Forest District

Myosotis Ecological Consulting, 52 Prestwick Cove SE, Calgary, Alberta, T2Z 3M3 157

Gertzen, Diane, B.Sc. (Agr.), M.Ed., P.Ag.
Extension Services
Green Timbers Reforestation Centre,
14275 – 96th Ave.,
Surrey, British Columbia
V3V 72Z
Tel: (604) 930-3309
Fax: (604) 775-1288
E-mail: Diane.Gertzen@gems3.gov.bc.ca

Grilz, Perry
British Columbia Ministry of Forests
213-6450 Dawson Road,
Prince George, B.C.  V2K 4X8
Tel: (250) 565-6774 [W], (250) 962-5168 [H]
Fax: (250) 565-4383
E-mail: perry.grilz@gems2.gov.bc.ca

Luna, Tara
Biological Technician
Native Plant Nursery
Glacier national Park
P.O. Box 384
West Glacier, Montana 59936
Email: tluna@3rivers.net

McAuliffe, Peter
PRT Reid Collins Nursery
2396 272 Street
P.O. Box 430
Aldergrove, British Columbia, Canada
V4W 2T9
Tel: (604) 856-6408
Fax: (604) 856-4218

Polster, Dave
Polster Environmental Services
5953 Deuchars Drive
Duncan, British Columbia
V9L 1L5
Tel: (250) 746-8052
Fax: (250) 746-5307
E-mail: D.Polster@telus.net
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Smith, Darrell
Invermere Forest District
British Columbia Ministry of Forests
P.O. Box 189
626 – 4th Street
Invermere, British Columbia
V0A 1K0
Tel: (250) 342-4200
Email: Darrell.Smith@gems6.gov.bc.ca

Tarasoff, Catherine
Project Coordinator
Kenna Cartwright Park Restoration and Education
British Columbia Conservation Foundation
200A – 1383 McGill Road
Kamloops, British Columbia
V2C 6K7
Tel: (250) 828-2551 Ext. 314
Fax: (250) 828-2597
Email: ctarasoff@bccf.com
Web: http://www.bccf.com

Vaartnou, Manivalde
M. Vaartnou and Associates
11520 Kestrel Drive
Richmond, British Columbia
V7E 4E2
Tel: (604) 271-2505
E-mail: val_vaartnou@telus.net

Vrijmoed, Paulus
Linnaea Nurseries Limited
3666 224th Street
Langley, British Columbia
V2Z 2G7
Tel: (604) 533-8381
Fax: (604) 533-8246
Email: Paulus_Vrijmoed@bc.sympatico.ca

Walker, Rob (Kootenay Park)
Email: rob_walker@pch.gc.ca
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Paige Woodward
Pacific Rim Native Plants
44305 Old Orchard Road
Chilliwack, British Columbia
V2R 1A9
Email: paige@hillkeep.ca
Website: http://www.hillkeep.ca


