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Maintain Your FNN Listing
The easiest way to maintain your active status is to return the Literature Order Form that comes with each issue of FNN. Even if
you don't want to order any articles, please fill out the form and return it. You don't have to fill out all the information on the form if it
hasn't changed from the last issue, but please note any permanent address changes. IF WE HAVEN'T HEARD FROM YOU
WITHIN THE PAST YEAR (FOUR ISSUES OF FNN), THEN YOU WILL AUTOMATICALLY BE PURGED FROM THE LIST!!
USDA Forest Service subscribers—please indicate your DG mailing address on the Literature Order Form, so that we can
communicate by computer.
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Nursery Meetings
Two Seed Testing Workshops are being scheduled at the National Tree Seed Laboratory this year: May 18-20 and Sept.
21-23,1993. The intent of these workshops is to give participants a thorough understanding of how the various seed tests are
conducted so that they will understand the biology of seeds, the use of seed tests, and the factors that affect test results. The
sessions will feature short lectures followed by "hands-on" laboratory exercises where actual seed tests will be performed. These
workshops are FREE but maximum enrollment must be limited to 12 persons. Register early, because applicants will be accepted on
a first-come, first-served basis. For more information, contact:
National Tree Seed Laboratory
5156 Riggins Mill Road
Route 1, Box 182-B
Dry Branch, GA 31020-9696
PHONE: 912-744-3312
FAX:912-744-3314
A symposium on Genetic Conservation and Production of Tropical Forest Tree Seed will be held in Chiang Mai, THAILAND on
June 14-16,1993. Organized by the ASEAN-Canada Forest Tree Seed Centre Project, the symposium will feature presentations on
a variety of interesting subjects, including management of seed production areas and orchards and alternative propagation
techniques. Two field tries will follow the technical sessions. If you would like more information, contact:

Symposium Secretariat
ASEAN-Canada Forest Tree Seed Centre
Muak-Lek, Saraburi, 18180
THAILAND
PHONE: 036-341-305
FAX: 036-341-859
The Fourth International Symposium on Windbreaks and Agroforestry is scheduled for July 26-39, 1993 in Hedeselskabet,
Viborg in DENMARK. The main theme for the meeting will be how agroforestry can contribute to future energy supplies and improve
the environment. Nurseries are specifically mentioned in the program. Viborg is an ideal location for the symposium because it is the
headquarters for the Danish Land Development Service and the Agricultural School. If you would like to present a volunteer paper or
poster, or just want more information, write to the following address:

4th International Symposium
Hedeselskabet
P.O. Box 110
DK-8800, Viborg
DENMARK

4 Forest Nursery Notes April 1993

The only nursery workshop in the US this summer will feature a special joint meeting of the Northeastern Area State, Federal
and Provincial Nurseryman's Association, the Intermountain Conservation Nursery Association, and the Midcontinent
Nursery Pathologists. The technical sessions will be held at the Holiday Inn Riverfront in St. Louis, MO on August 2-5,1993
and will feature focus topics on Soil Compaction, Organic Matter Management, Integrated Pest Management/Biocontrol, as well
as General Nursery Topics. A field trip to the George O. White State Forest Nursery, which produces over 40 species of
conifers, hardwoods, and shrubs, will feature a discussion of the new nursery GIS soil mapping program and equipment
demonstrations. Several other local tours are interspersed throughout the program. Call me about the technical sessions or, for
information on local arrangements, contact:

Bill Yoder
George O. White State Nursery
Route 2, Box 465
Licking, MO 65542
PHONE: 314-674-3229
The Third North American Agroforestry Conference will be held at Iowa State University in Ames, Iowa on August 15-18,1993.
The theme is "Opportunities for Temperate Zone Agroforestry - Worldwide" and the agenda will include technical presentations,
workshops, and field trips. Submit an abstract of 250 words or less by April 1, 1993 if you would like to make a presentation. For more
information, contact:

Richard C. Schultz
Dept. of Forestry
251 Bessey Hall
Iowa State University
Ames, Iowa 50011
PHONE: 515-294-7602
FAX:515-294-1337
The 24th Biennial meeting of the Canadian Tree Improvement Association will be held in Fredericton, New Brunswick on August
17-19,1993. The theme for the symposium will be "Future Forests -Options and Opportunities" and the agenda will include technical
sessions, workshops, and field trips. For further information, contact:

Kathy Tosh
Dept. of Natural Resources
Kingsclear Provincial Forest Nursery
RR #6
Fredericton, NB
CANADA E3B 4X7
PHONE: 506-453-9101
The Western Region of the International Plant Propagators' Society will be meeting at the Red Lion Motel in Bellevue, WA on
Sept 8-11,1993. The agenda is still being organized, but I promise to have more information by the July, 1993 issue of FNN.
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The annual meeting of the Forest Nursery Association of British Columbia is being planned for the Florence Filberg Centre in
Courtney, B.C. on Sept 13-15,1993. The organizers are soliciting papers on the theme "Changing Forestry Practices—Meeting the
Challenge", which will explore the impact of future forestry practices on nurseries. Suggested topics include: species selection,
seedling quality, stock types, cultural practices, and implications on genetic diversity. If you would like to present a paper, or just need
more information, contact:

A. L. (Drew) Brazier
B.C. Ministry of Forests, Silviculture Branch
3rd Floor, Bastion Square
Victoria, BC
CANADA V8W 3E7
PHONE: 604-387-8936
FAX: 604-387-1467
The Intermountain Container Seedling Growers' Meeting will be held in Lewiston, ID on Sept. 23-24, 1993. The first day will be
devoted to presentations on pesticides, chemigation and the new EPA Worker Protection Standards-note that this session can be used
as credit towards your State Pesticide Certification. On the second day, we will be having open discussions on container nursery
culture with a special emphasis towards nursery equipment. In addition, we will be taking tours of the Potlatch and Western Forest
Systems nurseries. For more information, contact:

Kas Dumroese
Forest Research Nursery, University of Idaho
Moscow, ID 83844-1137
PHONE: 208-885-7017
FAX: 208-885-622
The IUFRO Working Party S2.-7-09 (Diseases and Insects in Forest Nurseries) will meet on Oct 3-10,1993 in Dijon, FRANCE.
Anyone interested in more information should contact:
Dr. Robert Perrin Station de recherches sur la flore pathogene dans le sol
INRA, 17, Rue Sully, B.P. 1540
21034 Dijon Cedex
FRANCE
FAX: 33-80-63-3232

Way out in 1994, the Western Forest Nursery Association will be meeting in conjunction with the Forest Nursery Association of
British Columbia in Moscow, ID. We have reserved the conference center at the Best Western University Inn for the dates of
August 15-19,1994. I know that it's a long way off, but this will be a meeting that you won't want to miss. For more information,
contact me or:
Kas Dumroese
Forest Research Nursery, University of Idaho
Moscow, ID 83843
PHONE: (208) 885-7017
FAX: (208) 885-6226
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National Nursery Issues
Methyl Bromide Fumigants - An Update
As predicted in the last several issues of FNN, the US Environmental Protection Agency (EPA) has officially proposed listing
methyl bromide (MB) as a Class I Ozone Depletor under the Clean Air Act. The action was published in the March 18, 1993
issue of the Federal Register and will result in a freezing of MB production at 1991 levels and a total ban of the fumigant by the
end of the century. It is possible that "essential uses" will be exempt from the ban if no acceptable substitutes are found. Note
that this is only a proposal and the EPA is accepting comments on the listing until May 3, 1993. An extension to this short
comment period has been requested but don't count on it. So, if you have strong feelings about the possible loss of MB fumigation in your nursery, then please take a few minutes and write a letter to the EPA and your congressional representative. A firm
called Economists Incorporated is working on an economic impact statement and they can FAX you a short form to fill out:

U.S. Environmental Protection Agency
Attn: Air Docket No. A-92-13
401 M Street SW
Washington, DC 20460

Susan Dudley
Economists Incorporated
1233 20th St. NW, Suite 600
Washington, DC 20036

PHONE: 202-833-5201
FAX: 202-296-7138
In the meantime, a team of government agricultural experts is looking at alternatives to MB fumigation, analyzing current
research, and making a priority list of new research needs. The team's report will be used to develop a workshop on MB
alternatives to be held this June. Two USDA-Forest Service (FS) research pathologists, Dick Smith and Steve Fraedrich, are
analyzing MB alternatives for forest and conservation nurseries. Last month, they sent questionnaires to federal, state, and
private nurseries throughout the US. In addition, they are working with other FS scientists to determine what studies are
currently underway on soil fumigation, determine what looks promising, and outline future research needs. One possible
outcome from this analysis is the establishment of a FS research program on control of forest nursery pests, including
alternatives to soil fumigation.
The FS Forest Pest Management group has recently funded a mufti-year study on alternative controls for soilborne diseases. A
team of nursery pathologists will be working in forest and conservation nurseries in Florida, Idaho, California, Oregon, and
Washington with the following objectives:
1. To develop and evaluate cultural regimes that minimize soilborne disease and maximize seedling quality and
outplanting performance
2. To evaluate beneficial microorganisms and "suppressive" soils as disease management tools
3. To develop sampling and assessment methods for predicting soilborne disease.
4. To compare costs and benefits of nursery management with and without fumigation.
Of course, MB fumigation in forest and conservation nurseries is just a small percentage of total agricultural use. Some states
have already instituted new restrictions on the use of MB; for example, California now requires that a 1,500 foot buffer strip be
left between fumigated areas and inhabited structures. Groups such as the American Association of Nurserymen and the
Horticultural Research Institute are also active working on the situation. Two Methyl Bromide Alternative Conferences were held
last month in California to discuss soil and commodity fumigation and plan new research on possible alternatives.
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Regardless of new research findings, MB will continue to
come under attack. Environmental organizations, such as
the Natural Resources Defense Council, are already
convinced that MB is doing "5 times the ozone damage of
chlorofluorocarbons" and will continue to push for its
immediate ban.
References:
Anonymous. Methyl bromide approaches the end of
the road. American Nurseryman 177(7): 75.
Bonvie, L.; Bonvie, B. 1993. A crisis of complacency:
ozone enemy continues to elude phaseout. E: The
Environmental Magazine 4(2):20-23.
Update. American Association of Nurserymen, March 10,
1993.
Johnson, B. 1992. Sudden impact: strawberry,
cut flower and other growers say the prospect of
losing methyl bromide—an invaluable
fumigant—is frightening. California Farmer,
Dec. 1992: 6-7.
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New National and
International Emphasis on
Reforestation
The details are still sketchy but a couple of new tree planting
initiatives are reportedly in the works. The president and
vice-president have repeatedly mentioned a new emphasis on
reforestation programs on both the national and international
level. "Trees for The Future" is the name for a proposed tree
planting program that would be coordinated through the
Cooperative Forestry Branch of the USDA-Forest Service.
Rob Mangold, National Nursery and Tree Improvement
Specialist, will be the contact person for these new programs
and you can give him a call for the latest details:
Rob Mangold
USDA Forest Service, CF
P.O. Box 96090
Washington, DC 20090-6090
PHONE: 202-205-1379
FAX: 202-205-1271

Ecological Alternatives
Innovation in Recycling
I recently ordered some articles from Forestry Suppliers
and, on opening the box, had a pleasant surprise. Instead
of those annoying plastic packing "peanuts" that electrostatically adhere to everything and can't be recycled, the
box was packed with Eco-FoamR pellets. These packing
pellets look and function just like their plastic
predecessors, but they completely biodegrade and do not
contain any chlorofluorocarbons. EcoFoamR is a product
of the National Starch and Chemical Company and are
composed of 95% corn starch and 5% organic polymers.

used over again but, when you put them in water, they
biodegrade right More your eyes-instantly and completely.
To me, this is what the recycling movement should be
about, not merely trying to find ways to reuse existing
materials but developing new innovative products that
solve a pre-existing problem. Hopefully, the new
administration will institute a recycling awards program
that will give proper recognition to these eco-friendly new
products.

What makes them unique is that they can be saved and

A Practical Look at Mycorrhizal Fungi in Nurseries - Part 1
The movement towards ecosystem management and
biodiversity is having several effects on nurseries. In order
to establish self-sustaining vegetation that will develop into
a functioning ecosystem, customers are requesting that
their seedlings be inoculated with beneficial microorganisms. This is already quite common for restoration
plantings and I predict that it will become routine for most
forest and conservation nursery stock. Mycorrhizal fungi
are the best known of these microbes, so let's begin with
them.
Probably more research has been done on mycorrhizae
than on any other single aspect of nursery culture. Yet,
most nursery managers that I talk to are either unsure
about whether their seedling have mycorrhizae, or have
no idea of which organisms are involved. So, I am going to
try and review the subject of mycorrhizae and their use in
forest and conservation nurseries. Because it is such a
large subject, we will examine the basic biology of
mycorrhizae, their benefits, and how to determine if you
have a mycorrhizal problem in this issue. Then, in the July
issue of FNN, we can look at types of mycorrhizal
inoculum, how and when to inoculate, and the effect of
nursery cultural practices.

What are mycorrhizae?
I'm sure that many of you have observed ectomy corrhizae on
the roots of your conifer seedlings. Although they are
sometimes visible on bareroot stock, ectomycorrhizae are most
obvious on the outside of the root plug of container seedlings.
But what are mycorrhizae?
Many people mistakenly think that mycorrhizae are fungi, but
that answer is only half right. A mycorrhizae is an anatomical
structure that results from the symbiotic association between a
plant root and a fungus. There are two main types which are
distinguished by their morphology: ectomycorrhizae and
endomycorrhizae, which are more correctly known as
vesicular-arbuscular mycorrhizae. What type you have in your
nursery will depend on what species of seedlings you are
growing.
Ectomycorrhizae (ECM)—These are the mycorrhizae that are
most often noticed in forest and conservation nurseries because the colored sheath of fungal hyphae is obvious on the
short feeder roots. Many of the fungi form typical mushroom
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fruiting bodies which are also evident in
seedbeds (Figure A), or growing from
containers. In addition to the fungus mantle on
the roots, hyphae also grow between the
epidermal and cortical cells in the roots, and
also branch out into the soil or growing
medium (Figure B). Conifers in the Pinaceae
family and hardwoods in the Betulaceae and
Fagaceae families develop ECM with fungi in
the genera Boletus, Amanita, Cenococcum,
Thelohora, Laccaria, Pisolithus, Rhizopogon,
Hebeloma, and many others.

Vesicular-arbuscular mycorrhizae
(VAM)—This group of mycorrhizae are
essentially invisible because the
fungus exists as vesicles (lipid-filled
sacs) and arbuscules (finely-branched structures) within the
host roots. Although most of the structures are internal, thin
fungal mycelia also extends from the roots out into the soil
where relatively large spores form singly or in small clumps
(Figure B). VAM fungi such as Glomus, Gigasl2ora, and
Acaulospora colonize the roots of many broadleaved trees,
some conifers, shrubs, grasses, and herbs.

Benefits of Mycorrhizae
Mycorrhizae are one of the most fascinating symbiotic
relationships in nature. The host roots provide a convenient
substrate for the fungus, and also supply food in the form of
simple carbohydrates. In exchange for this free
room-and-board, the mycorrhizal fungus offers several
benefits to the host plant:
Increased nutrient uptake - This is probably the most
significant single benefit of mycorrhizae, and is more
important with some nutrients than others. Immobile mineral
nutrients such as phosphorus often become limiting to
plants, especially seedlings with their relatively small root
systems. Mycorrhizae increase the root surface area, and
the external hyphae can access nutrient sources beyond
the reach of the roots. Apparently, mycorrhizal fungi can
also act as biochemical intermediaries and convert nutrients
to a more available form.
Drought resistance - The formation of mycorrhizae on tree
seedling roots increases the size of the root surface area,
and the external hyphae also expand the amount of soil that
a plant is able to access. Mycorrhizae also provide some
degree of drought resistance to tree seedlings, either
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through increased water uptake (ECM) or through
phosphorous-mediated drought resistance (VAM).
Disease protection - Some mycorrhizal fungi have
been shown to protect seedling roots from soilborne
diseases. This can happen either directly through the
protective mantle (ECM) and the production of
antibiotics, or indirectly by improved seedling vigor.
Although less-widely appreciated than the previous
benefits, disease protection may be one of the most
important reasons to culture mycorrhizae in forest and
conservation nurseries.
Better Outplanting Performance - Of course, one of
the most-widely acknowledged benefits of
mycorrhizae is increased survival and growth on the
outplanting site. The literature is replete with
examples, so I'll just summarize and say that
mycorrhizae are generally beneficial on restoration
projects and have also produced benefits on more
routine reforestation projects. There are some
situations, however, where mycorrhizae may not
always be necessary. In early-successional habitats,
where plant competition is relatively low and the soil is
temporarily rich following a disturbance, there is less
need for mycorrhizae to aid in nutrient uptake.
Similarly, on fertile outplanting sites, mycorrhizae may
cause a carbohydrate drain to seedlings that is not
offset by other benefits.
Customer Acceptance - One of the most important
benefits is from a marketing standpoint, because
seedlings with well-developed mycorrhizae are
widely-accepted as high quality nursery stock. And, as
mentioned earlier, more and more nursery customers
are becoming aware of the advantages of mycorrhizae
and are requesting that their seedlings be inoculated
with specific fungi.
Do You Have a Mycorrhizae Problem?
I like to separate mycorrhizal problems into two
categories: nursery effects, and outplanting effects.
Nursery Problems - Sometimes mycorrhizal
problems in forest and conservation nurseries are

all too apparent, but generally the effects are more
subtle, so often go unnoticed. Because all of the
factors limiting seedling growth can be supplied
more easily in containers, I have never seen a
mycorrhizae problem in nurseries using artificial
growing media. And this makes sense, considering
the benefits of mycorrhizae that we just discussed.
All the necessary mineral nutrients and water can
be easily supplied in container nurseries, and they
also remain readily available in artificial growing
media. Root pathogens should not be a serious
problem with sterile media and good pest exclusion
practices.
The situation is different in bareroot nurseries,
however. Even under sound fertilization and
irrigation regimes, mineral nutrients such as
phosphorus and iron can be immobilized in native
soil and therefore become limiting to plant growth.
One common symptom of mycorrhizal deficiency in
bareroot seedlings is what I call "mosaic stunting",
in which patches of normal seedlings are
interspersed with patches of stunted, chlorotic
ones (Figure A). This symptom is frequently
observed in nurseries that fumigate and is most
common with species that have VAM mycorrhizae.
I am convinced that this symptom is primarily
caused by an induced phosphorus deficiency
because, in some cases, it can be remedied by
proper fertilization. Root pathogens frequently
cause severe losses in bareroot nurseries, so
seedlings with a good complement of mycorrhizal
fungi should have a definite advantage.
Outplanting Effects - Unfortunately, the symptoms of a mycorrhizal problem are much more
difficult to diagnose on the outplanting site. As you
know, it is extremely hard to identify the reasons
for poor seedling performance, especially if the
stock survives, but fails to growth normally. Most
standard reforestation sites already support a
complement of mycorrhizal fungi, which quickly
infect the planted seedlings within a few months.
Problems can occur, however, on restoration sites
that have degraded to the point that the normal
mycorrhizal fungi have been lost. Seedlings
planted on extreme sites, such as very hot burns
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or mining spoils, will have poor survival and growth unless
they are inoculated at the nursery or at the time of
outplanting.
Next Issue - I plan to present a list of all the commercial
suppliers of mycorrhizal inoculum, and would be most grateful if
you would drop me a note and let me know if you have been
inoculating your seedlings. Your thoughts on any other aspect of
the inoculation process would be most welcome also.
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Special Publications
ORDERING INFORMATION - The following publications are featured here because they are of special interest to nursery folks.
If you would like a copy, there are two different ordering procedures. Numbered or Lettered publications can be requested by
circling the appropriate listing on the Literature Order Form and returning it to me. Special Order (SO) publications are either too
long or too expensive for us to provide free copies, but prices and ordering instructions are provided here and following the
individual listings in the New Nursery Literature section.
#A

Annotated Bibliography of Conifer Seedling Pests in Pacific Northwest Bareroot Nurseries. Rose, R; Campbell, S.;
Edgren, J. eds. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Region. 1989. 215 p.
This softbound publication is the result of an extensive literature search and is arranged into three major sections:
diseases, insects, and weeds. Although primarily oriented to the Pacific Northwest, it should be useful to nursery
managers and pest specialists in other regions as well. Besides, the price is right!
COST: FREE - Check # A on the Literature Order Form in this issue.
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SO.

Proceedings, Western Forest Nursery Association. Landis, Thomas D., tech. coord.; 1992 September 14-18; Fallen
Leaf Lake, CA. Gen. Tech. Rep. RM-221. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Forest and Range Experiment Station. 1993. 151 p.
This softbound publication is a compilation of 25 articles two special focus topics: "Propagating Native and Adapted Plants for
Ecosystem Management and Biodiversity Projects", and "Biocontrol Options in Forest and Conservation Nurseries".
COST: FREE.
ORDER FROM:
USDA Forest Service
Rocky Mountain Research Station
Publications Distribution
240 W. Prospect
Ft. Collins, CO 80526-2098
PHONE: 303-498-1719
FAX:303-498-1660

SO.

An evaluation of yard waste composting with regard to pesticides and other toxic residues. Kovacic, D.A.; Bicki, T.J.;
Cahill, R.A. Project No. OSWR 02-011. Urbana, IL: University of Illinois, Institute for Environmental Studies. 1992. 360 p.
Many bareroot nurseries are using, or are considering using, municipal waste for organic matter supplements. This large
spiral-bound report examines the composting process and the fate of organic and inorganic contaminants that may cause
environmental problems. Chemical composition, degradation, and environmental persistence information is given on 100
commonly-used domestic pesticides that could be found in yard waste. A simple model is presented to help identify which
pesticides or other pollutants may be potential problems in composts made from
yard wastes.
COST: $22.90
ORDER FROM:
Kathy Reeves
Institute for Environmental Studies
1101 W. Peabody Drive
University of Illinois
Urbana, IL 61801
PHONE: 217-333-4178
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SO.

Root trainers in seedling production systems for tropical forestry and agroforestry. Josiah, S.J.;
Jones, N. Land Resources Series No. 4. New York: The World Bank, Asia Technical Dept.,
Agriculture Div. 1992. 37 p.
This softbound publication addresses the need for a better container nursery system in developing countries. Although
poly-bags are commonly used in many nurseries, they have several serious technical and logistical disadvantages. The
authors have coined the term "root trainer" to describe any container that has some sort of root controlling feature. The
two main sections deal with the types of containers used around the world, and locally-made growing media. The publication is well-written and informative because it reflects the direct experience of the authors.
COST: FREE
ORDER FROM:
Forestry Advisor (AGRNR)
The World Bank
Agriculture Division
1818 H Street, N. W.
Washington, DC 20433
PHONE: 202-458-1916
FAX:202-477-1865

SO.

Growing and propagating showy native woody plants. Bir, R.E. Chapel Hill, NC: The University of North Carolina
Press. 1992. 192 p.
This handsome softbound book is oriented to native plant propagation in the Central East Coast of the US, and is divided
into two sections. The first contains some good basic information for the beginning grower, while the second deals with
specific propagation instructions for local native plants. Although this book would be most valuable for growers in the
eastern states, the clearly-explained concepts, excellent line drawings, and good quality color photographs will appeal to
a much-wider audience.
COST: $29.50
ORDER FROM:
The University of North Carolina Press
P.O. Box 2288
Chapel Hill, NC 27515-2288
PHONE: 800-848-6224
919-966-3561

14 Forest Nursery Notes April 1993

SO.

IPM Training Manual for Wholesale Nursery Growers. Daar, S.; Olkowski, H.; Olkowski, W. Berkeley, CA: Bio-Integral
Resource Center and Washington, DC: Wholesale Nursery Growers of America. 1992. 84 p.
The loose-leaf manual is an excellent review of the various facets of Integrated Pest Management (IPM) as applied to
nurseries. The first two chapters discuss the basics of IPM and its advantages, and the next 2 concern how to design and
implement a pest monitoring program. Chapter 5 looks at record keeping, and particularly how to determine injury and action
levels. Chapter 6 discusses how to select various pest treatment strategies and the final chapter is devoted to how to make the
transition to IPM. There are four helpful appendices that deal with the practical aspects of pest identification, monitoring,
setting action levels, and also contain sample forms. A very useful guide for anyone who is considering starting an IPM
program - that includes anyone who doesn't already have one! Highly recommended.
COST: $68.50
ORDER FROM:
Bio-Integral Resource Center
P.O. Box 7414
Berkeley, CA 94707
PHONE: 510-524-25 67
FAX: 510-524-1758

Please Help
The following publications are in the process of being written
or updated and we can use your help. Many of you have
developed valuable information on seed or nursery practices
which should be shared.
Seeds of Wood Plants of the United States. This classic
publication, which was last published by the USDA
Forest Service as Agriculture Handbook 450 in 1974, is
going to be updated. I recently participated in a steering
committee meeting where we made the following
decisions:
* Format - The basic format will remain the same. Part I
will again cover the basic concepts of seed
development, collection, processing, testing, and
seedling establishment. Part II will include specific
information for seeds of different genera of woody
plants.

* Scope - The new manual will cover all of North
America including Hawaii and the US Territories. A two
volume format is being considered to reduce the size of
the book - one for temperate zone plants and one for
subtropical plants.
* Timetable - We hope to have the new edition
published in about 3 years.
* Process - The general sections in Part I will be
completely rewritten and author assignments have
tentatively been made. The chapters for each genus in
Part II will only have to be updated because most of
this information is still accurate. Chapters will be
computer-scanned and converted to a standard word
processing format to facilitate the inclusion of new
information, which will be gathered by a computer
search of the published literature.
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You can help in two ways:
1) New Species - Look through your copy of Seeds of
Woody Plants in the United States, and suggest new
species to be covered in the revised edition. Limit the list
to species that you have some experience with or would
like to be able to grow, because only those with a certain
minimum amount of information will be included.
2) Unpublished data - The computer literature search
will only reveal formal published research, and we know
that many of you have developed your own operational
procedures. Send in any published "in-house" reports
that you may have or just jot down anecdotal
information.
Please take a few minutes to give this matter some
thought, and fill out the form in the back of this issue.
Of course, you will be given full credit for your
contributions. We have set a deadline of May 15 so
please return this form as soon as possible.
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Tropical Seed Manual. The Forest Tree and Shrub Seed
Committee of the ISTA (International Seed Testing
Association) is compiling information on the seeds of
tropical trees for inclusion in a seed manual. Data is
needed on flowering and fruiting, seed development,
collection, cleaning, testing, and storing. All contributions
will be properly cited and acknowledged. Please share
any published or unpublished information with the
project coordinator:
Karen Poulsen
DANIDA Forest Seed Centre
Krogerupvej 3A
DK-3050 Humlebaek
DENMARK
FAX: 45-49-16-02-5 8

Cultural Perspectives
As we have been discussing in the last four issues of
FNN, plants need six different limiting factors for good
growth, four of which are found in the ambient
environment (see Figure A). This issue, we will close out
the ambient factors with a look at carbon dioxide (CO 2)'

Limiting Factors - Carbon
Dioxide
Carbon dioxide is an anomaly - of the 16 nutrients that are
essential for plant growth, it is the only one that is
obtained solely from the atmosphere. CO2 is a rare
atmospheric gas, but about 40% of the dry weight of a
typical plant is composed of carbon. Plants obtain CO2
from the air through the stomata in the leaves in a very
complicated physiological process that also involves water
vapor and oxygen.

Biophysics of carbon dioxide
Carbon dioxide is a colorless, odorless gas that exists in
minute concentrations in the ambient atmosphere - currently
around 0.035% (350 ppm). This was not always the case,
however, as CO2 was more common than oxygen in the
primitive atmosphere. The rapid development of plant life
quickly utilized this C02 and released oxygen, which made
possible the evolution of larger and more advanced
organisms. The CO2 level of the earth's atmosphere appears
to have stabilized at its lowest level (280 ppm) in the mid1800's. Since that time, the industrial revolution has
produced a gradual increase in ambient CO2 concentrations.
The combustion of fossil fuels, in combination with massive
deforestation, have caused the atmospheric CO2 level to
increase 1 to 2 ppm per year. This trend is unlikely to change
in the near future and has resulted in much-publicized
concerns about "global warming".
The ambient CO2 level around a nursery can vary from 200
to 400 ppm, depending on location; higher values can be
found in industrial areas, due to combustion of fossil fuels,
and in low wet areas, such as swamps and river bottoms,
where plant materials are decomposing. Carbon dioxide
concentration measured in weight per unit volume also
decreases with elevation, decreasing about 40% from sea
level to 4,500 m (14,800 feet).
In contrast to its positive effects on plants, high
concentrations of CO2 can adversely effect humans (Table
1). Dangerous levels could develop in greenhouses with
faulty heating systems or poorly adjusted C02 generators.

But, although known to be a principal limiting factor of
photosynthesis, C02 is rarely managed in forest and
conservation nurseries. This should not be interpreted to mean
that C02 is not important to tree seedling culture, however, as
many research studies have shown that increased CO2 levels
can significantly accelerate photosynthetic rates. So, should
nurseries managing this important limiting factor? Let's take a
look.
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pump CO2 testers of reasonable accuracy are
available for around $200; the air is pumped
through a glass tube that contains a C02-sensitive
chemical that changes color as an air sample is
drawn through it. The more sophisticated and
expensive infrared gas analyzer ($1,400), is much
more accurate and precise. Because they can
measure C02 continuously and can interface
directly with environmental computer systems,
infrared gas analyzers are often used in fullycontrolled greenhouses.

Effects of CO2 on seedling growth

Measuring C02
Carbon dioxide levels can be described and
measured in several different ways. Because it is a
gas, CO2 can be described in pressure units but
these are not widely used for horticultural purposes.
Plant physiologists measure photosynthesis by the
amount of CO2 consumed and commonly express it
by weight in milligrams (mg) or volume in microliters
(ul) per unit volume. However, for operational nursery
work, concentration units—parts per million(ppm)—
are the simplest and most appropriate way to
measure CO2.
Carbon dioxide measuring instruments vary
considerably in cost and complexity. Small hand-

Plants consume C02 during photosynthesis and
give it off through respiration; during daylight hours
these processes occur simultaneously. In plant
leaves, when the CO2 level reaches the
compensation point, the point at which photosynthesis and respiration are equal (Table 1), the
seedling will not grow but only maintain itself. If C02
concentrations are enhanced above ambient levels,
the photosynthetic rate increases because high C02
concentrations increase the diffusion gradient from
the ambient air, through the stomata, to the
mesophyll cells where the chloroplasts use C02 in
photosynthesis. Seedling growth rate increases
when the net photosynthate is exported from the
leaves, where photosynthesis takes place, to the
meristems, where growth occurs. There are
numerous studies on the beneficial effects of
enhanced CO2 on tree seedling growth.
There is an upper limit to how much more CO2
can use, however, as high concentrations of CO2
can cause stomatal closure. Although the limits

both CO2 and water loss, ambient CO2 levels
affect transpiration rates. Artificially high CO2
levels, resulting from improperly adjusted CO2
generators, could cause stomatal closure and
subsequent heat injury to succulent nursery
seedlings.

vary considerably with light intensity and between
different plant species, CO2 levels over 1,000 ppm
generally show diminishing benefits. Carbon dioxide
concentrations over 2,500 ppm are rarely beneficial
and may actually result in reduced growth (Table 1).
The effects of CO2 cannot be considered alone,
however, for they are highly interrelated to the effects
of other factors limiting to plant growth, especially
light, temperature, water, and mineral nutrients. As
the CO2 concentration changes and the
photosynthetic rate varies, the optimum levels of the
other environmental factors also change.
Light - Photosynthesis, as measured by CO2
utilization, increases linearly with light until the light
saturation point is reached (FIGURE B). As long as
the other factors are not limiting, the light saturation
point becomes progressively greater as light
intensities and CO2 concentration increase. In fact,
high CO2 levels can, to a degree, compensate for low
light intensity, which often occurs on cloudy winter
days. When supplemental photosynthetic lighting is
used in greenhouse culture, CO2 enrichment is
essential in obtaining the full benefits from the
additional light.
Temperature - Nursery seedlings are primarily
cooled by transpiration under normal growing
conditions. Because stomatal aperture controls

Water and mineral nutrients - The rapid growth
rates of plants grown under CO2 enrichment result in
an increase in water and mineral nutrient uptake.
Seedling water use will increase because the
increased foliage has a larger transpirational surface.
The increased growth resulting from the higher
photosynthetic rate will also create a demand for
more mineral nutrients. Often, the increased growth
rate of the many seedlings under CO2 enrichment
does not persist, because mineral nutrient
deficiencies are caused by the rapid growth.
Growers who supply extra CO2 to their crops will
have to be aware of these potential problems and
make appropriate adjustments to their cultural
regimes.

Modifying CO2 in Nurseries
So, the potential of stimulating seedling growth by
increasing CO2 levels is high but is that really
practical in an operational nursery? Actually, there
are only two options: increasing air exchange, and
CO2 generators. The first is feasible in all types of
nurseries, whereas the latter is only practical in
enclosed growing environments like greenhouses.
Increasing air exchange - Good circulation of air is
necessary to make CO2 available at the leaf surface.
Therefore, growers can stimulate seedling growth by
merely encouraging good ventilation. During the day
when the air is stagnant, the CO2 concentration in
the boundary air layer around a seedling can be
considerably lower than the ambient conditions, so
increasing the air flow over the leaves makes the gas
more available for photosynthesis. In studies with
field crops, researchers have shown that merely
increasing the wind velocity over the leaf surface can
significantly increase photosynthesis. Under calm
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temperatures permit, and those with fully enclosed
structures should use fan-jet ventilation systems that
encourage good air mixing within the greenhouse.
Even on days when outside temperatures are low, it
may prove beneficial to bring in outside air and heat
it, especially early in the morning when
photosynthetic rates are highest.

conditions, CO2 levels have been shown to be limiting
in dense crops grown in open fields, resulting in a 10 to
20% decrease in photosynthetic rate. So, while it would
be impossible to control the wind, bareroot nurseries
can insure that all seedlings have access to adequate
supplies of CO2 by lowering seedbed growing
densities.
Good air exchange can be more challenging in
container nurseries, especially those with enclosed
growing environments. Carbon dioxide levels follow a
typical diurnal pattern in a closed greenhouse
environment (Figure C). At night, green plants release
CO2 through respiration and so concentration in a
closed greenhouse rises to over 400 ppm; however, at
dawn, photosynthesis begins and the concentration
drops rapidly. The CO2 concentration can become
critically low in a greenhouse on a cool, cloudy day
when ventilation is not required; in a greenhouse with
only two air exchanges per hour or less, the CO2
concentration often drops below 200 ppm and so can
limit photosynthesis (Table 1).
Research has shown that increasing the air flow rate to
50 cm/sec (99 feet per minute) is equivalent to a 50%
increase in CO2 levels. The potential for increasing
ventilation is limited, however, as the wind velocity at
maximum ventilation is around 42 cm/sec (83 feet per
minute) in a fully-enclosed greenhouse. Because new
energy-efficient greenhouses are much more air-tight
than older ones, growers can no longer depend on
normal air exchange to keep CO½2 levels adequate.
Growers with shelterhouses should stimulate
photosynthesis by raising the sides whenever air
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Carbon dioxide enrichment - The potential of CO2
enrichment has been demonstrated in growth
chamber experiments where growth of tree seedlings
has been increased 50 to 100%, so CO2 generators
are often used in high-tech greenhouses. The
feasibility of CO2 enrichment depends on the type
and the condition of growing structure and the
proportion of the time the vents remain closed.
There are several potential ways of supplying CO2 to
greenhouse crops. Decomposing organic matter will
eventually release 1.4 times its weight of CO2 and,
although the potential has been demonstrated for
forest seedlings, this technique is not considered
practical because of problems with sanitation and
disposal. In modern container nurseries, there are
two realistic options for supplying CO2: injection of
pure CO2 and combustion of carbon fuels.
Injecting pure CO2 from pressurized liquid tanks is the
safest technique but it is expensive. Complete
combustion of any carbon compound will produce
CO2. Kerosene was the first fuel to be used in
greenhouses but its cost and concerns about sulfur
dioxide phytotoxicity have made it unpopular. In
modern container nurseries, natural gas and propane
are more commonly used, and the difference is
primarily one of cost and availability. Commercial CO2
generators that burn propane or natural gas and the
CO2 production rate is controlled by modulation of the
burner. The principal disadvantage of these CO2
generators is that exhaust leaks or incomplete
combustion can release phytotoxic gases into the
greenhouse. Approximately 15 burners per hectare (6
per acre) should generate 1,000 ppm CO2 in a
well-sealed greenhouse. Microcomputer control

systems use infra-red gas analyzers and a system of
solenoid valves to regulate the CO2 concentrations in the
greenhouse to within 100 ppm. In spite of the proven
potential for increasing seedling growth, CO2 enrichment
is not widely practiced in container tree nurseries. Only
17% of the nurseries in the United States and Canada
reported CO2 management programs in a survey for the
Container Tree Nursery Manual.
Well, that rounds up our discussion of the atmospheric
factors that can limit seedling growth: light, temperature,
humidity and carbon dioxide. In the July, 1993 issue of
FNN we'll take a look at mineral nutrients and various
options for fertilization in forest and conservation
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nurseries.

Editorial
The Need for Comprehensive Planning
and Budgeting in Ecosystem
Management

resource management - especially restoration projects
such as replanting riparian areas and forest health.

As you know, the trend towards ecosystem management
is gaining strength and will undoubtedly change the way
in which natural resources are managed. It's still early,
but the Clinton Administration has given strong signals

Restoration planting projects will generate a demand for a
wide variety of plant materials, and forest and conservation
nurseries are both willing and able to meet this demand
(see Proceedings, Western Forest Nursery Association in

that they favor an ecosystem approach to natural

Special Publications section). However, one of the most

serious disadvantages of using nursery stock is the high
initial cost - where is the money going to come from?
Many government organizations have no established
funding source for purchasing and planting
non-commercial species; for example, the budget for
nurseries and reforestation in the USDA Forest Service is
closely tied to commercial timber sales. One proposal is
to establish an "ecosystem management fund" using
receipts from salvage timber sales, and the Forest
Service has projected that $30 million could be used for
ecosystem restoration projects. Other potential funding
sources include initiatives for $246 million over the next
four years to promote tree planting in urban areas and
nonindustrial forest land, and $170 million for international
programs, some of which would be used to reforest
degraded lands.
Just as serious as the lack of established funding
sources, is the need for good long-range planning. Many
program administrators just don't understand that forest
and conservation nursery stock is not an "off-the-shelf"
item. As you know only too well, even after a seedling
order is received it takes time to plan, order the seed, and
stratify it even before it can be sown in the nursery. Many
propagation schedules for the diverse species that will be
used in ecosystem management projects take as long as
3 years (Figure A). One possible solution to this dilemma
is mufti-year contracts. Growing contracts that extend
across fiscal years are irritating to contracting officers or
budget analysts, but they make sense from an ecosystem
management standpoint. Mufti-year growing contracts
also result in lower seedling cost and higher seedling
quality. As nurseries become more proficient in growing a
given species or stock type, per-unit costs will go down
and seedling quality will go up. "Grow-and-plant"
contracts, in which a nursery does everything from
collecting the seed to outplanting their seedlings, make
good sense from an ecosystem management standpoint
and should also be more widely used.

22 Forest Nursery Notes April 1993

Nursery managers also need to take more time for
planning and marketing. Issues like biodiversity and
ecosystem management mean that nursery managers will
no longer just be dealing with traditional reforestation
personnel. A variety of different resource professionals will
be needing plant materials, so nursery managers will be
communicating with wildlife biologists, recreation
specialists, and other new, inexperienced customers.
Nurseries that can provide a full range of services from
seed collection and processing to seedling storage, and
outplanting will also receive more business. Natural
resource managers are specialists who do not want, or
have the time, to work with a series of different businesses
and so will prefer to work with one full-service facility.
The trend towards ecosystem management will change
the way that forest and conservation nurseries interact
with their customers. Successful nurseries will become
proactive and devote a significant amount of time to
marketing their products and services and establishing
better communications with natural resource managers
and planners.
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*48*

*49*

*50*

*51*

The importance of mycorrhizal fungi and other
beneficial microorganisms ire biodiversity
projects. St. John, T. IN: USDA Forest Service,
Rocky Mountain Forest and Range Experiment
Station, General Technical Report RM-221, p.
99-105. Landis, T.D., ed. Proceedings, 1992
Western Forest Nursery Association. 1993.
Infection of containerized jack pine and black
spruce by Laccaria species and Thelephora
terrestris and seedling survival and growth after
outplanting. Browning, M. H. R.; Whitney, R.D.
Canadian Journal of Forest Research 23(2):
330-333. 1993.
Mineral nutrition of Pinus caribaea and
Eucalyptus camaldulensis seedlings inoculated
with Pisolithus tinctorius and Thelephora
terrestris. Dixon, R K.; HiolHiol, F. Communications
in Soil Science and Plant Analysis 23(13-14):
1387-1396. 1992.
Mycorrhizal and non-mycorrhizal Douglas fir
grown in hydroculture. The effect of nutrient
concentration on the formation and functioning
of mycorrhizae. Kamminga-Van Wijk, C.; Prins, H.
B. A.; Kuiper, P. J. C. Acta Botanica Neerlandica
41(4): 481-495. 1992.
Mycorrhizas and drought resistance of Picea
sitchensis (Bong.) Carr. I. In conditions of
nutrient deficiency. Lehto, T. New Phytologist
122(4): 661-668. 1992.

*52*

Mycorrhizas and drought resistance of Picea
sitchensis (Bong.) Carr. II. In conditions of
adequate nutrition. Lehto, T. New Phytologist
122(4): 669-673. 1992.

*53*

Persistence of Laccaria spp. as ectomycorrhizal
symbionts of container grown black spruce.
Buschena, C. A.; Doudrick, R. L.; Anderson, N. A.
Canadian Journal of Forest Research 22(12):
1883-1887. 1992.

*54*

Testing the effect of biological control agents on
the formation of vesicular arbuscular
mycorrhizae. Wyss, P.; Boiler, T.; Wiemken, A.
Plant and Soil 147(1): 159-162. 1992.

Nursery Structures and Equipment
55.

Greenhouse air pollution problems may be
caused by grower inattention. Freeman, R. N.
Greenhouse Manager 11(10): 83. 1993.

56.

How screening affects greenhouse ventilation.
Neal, K. Greenhouse Manager 11(12)48-50.1993.

57.

A look: at: boom irrigation. Greenhouse Manager
11(10): 80-81. 1993.

58.

A look at: evaporative cooling pads. Greenhouse
Manager 11(12: 56-57. 1993.

59.

MTDC seedling counter field test. Gasvoda, D.;
Herzberg, D. Engineering Field Notes 24: 29-42.
1992.

60.

Phase change materials for solar heating f
greenhouses. Garzoli, K. V. International Plant
Propagators' Society, combined proceedings 41:
59-63. 1991. 1992.

61.

Reduce waste and your heating bills by
insulating poorly protected pipes. Bartok, J. W.,
Jr. Greenhouse Manager 11(9): 141. 1993.

62.

Use of paints and preservatives in the
greenhouse. Gilrein, D. International Plant
Propagators' Society, combined proceedings 41:
443-444. 1991. 1992.

Outplanting Performance
*63*

Effects of Douglas fir 2+D seedling morphology
on field performance. Long, A. J.; Carrier, B. D.
New Forests 7(1): 19-32. 1993.
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*64*

Field performance of black spruce and jack
pine inoculated with selected species of
ectomycorrhizal fungi. Browning, M. H. R.;
Whitney, R. D. Canadian Journal of Forest
Research 22(12): 1974-1982. 1992.

*65*

Fusarium root infection of container-grown
Douglas-fir: effect on survival and growth of
outplanted seedlings and persistence of the
pathogen. Dumroese, R. K.; James, R L.;
Wenny, D.L. New Forests 7(2): 143-149. 1993.

*66*

Growth reduction and root deformation of
containerized lodgepole pine saplings 11
years after planting. Halter, M. R.; Chanway, C.
P.; Harper, G. J. Forest Ecology and
Management 56(1-4): 131146. 1993.

67.

*68*

Seedling quality and field performances.
Brissette, J. C.; Carlson, W. C. IN: Proceedings of
the shortleaf pine regeneration workshop, p.
32-43. USDA Forest Service, Southern Forest
Experiment Station, General Technical Report
SO-90. 1992.
Tall planting stock for enhanced growth and
domination of brush in the Douglas-fir region.
Newton, M.; Cole, E. C.; White, D. E. New
Forests 7(2): 107-121. 1993.

71.

Diagnosis of Phytophthora using ELISA test kits.
Pscheidt, J. W. International Plant Propagators'
Society, combined proceedings 41: 251-254. 1991.
1992.

72.

Effective control of a new woolly white fir nursery
aphid (Homoptera: Aphididae). Stein, J.D.;
Trummer, C. R. IN: USDA Forest Service, Rocky
Mountain Forest and Range Experiment Station,
General Technical Report RM-22 1, p. 139-143.
Landis, T.D., ed. Proceedings, 1992 Western Forest
Nursery Association. 1993.

73.

Entomopathogenic nematode use in nurseries
and greenhouses. Smith, K. A. International Plant
Propagators' Society, combined proceedings 41:
249-250. 1991. 1992.

74.

Fire ants: research activities and new regulations.
Lockley, T. C. International Plant Propagators'
Society, combined proceedings 41: 365-369. 1991.
1992.

75.

Integrated pest management for greenhouses.
Nazar, C. J. International Plant Propagators' Society,
combined proceedings 41: 44-49. 1991. 1992.

76.

Integrated pest management in forest nurseries of
the USDA Forest Services. Campbell, S. J.
International Plant Propagators' Society, combined
proceedings 41: 240-244. 1991. 1992.

Pest Management
*69*

Anti fungal activity in seed coat extracts of
woodland plants. Warr, S. J.; Thompson, K.;
Kent, M. Oecologia 92(2): 296-298. 1992.

77.

IPM monitoring systems for nursery production.
Todd, J. G. International Plant Propagators' Society,
combined proceedings 41: 245-248. 1991. 1992.

70.

Cultural alternatives for control of Fusarium
oxysporum on non fumigated soil at Magalia
nursery. Krelle, W.; Adams, D.; Williamson, M.
IN: USDA Forest Service, Rocky Mountain Forest
and Range Experiment Station, General Technical Report RM-221, p. 136-138. Landis, T.D., ed.
Proceedings, 1992 Western Forest Nursery
Association. 1993.

78.

Principles and potential for biocontrol of diseases
in forest and conservation nurseries. Tames, R L.;
Dumroese, R K.; Wenny, D. L. IN: USDA Forest
Service, Rocky Mountain Forest and Range
Experiment Station, General Technical Report RM-22
1, p. 122-131. Landis, T.D., ed. Proceedings, 1992
Western Forest Nursery Association. 1993.
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79.

*80*

Use of pheromones in pest management. Riedl,
H. International Plant Propagators' Society,
combined proceedings 41: 255260. 1991. 1992.
Use of Trichoderma harzianum and Gliocladium
virens for the biological control of
post-emergence damping-off and root rot of
cucumbers caused by Pythium ultimum.
Wolffhechel, H.; Jensen, D. F. Journal of
Phytopathology 136(3): 221-230. 1992.

Seedling Harvesting and Storage
84.

All boxed up and ready to go. Grey, D. The Digger
37(1): 12-13, 15. 1993.

85.

Effects of storage temperatures and duration on
the performance of bareroot deciduous hardwood
trees. Englert, J. M.; Fuchigami, L. H.; Chen, T. H. H.
Journal of Arboriculture 19(2): 106-112. 1993.

86.

The impact of lift and store practices on field
performance of shortleaf pine seedlings. Hallgren,
S. W. IN: Proceedings of the shortleaf pine
regeneration workshop, p. 46-57. USDA Forest
Service, Southern Forest Experiment Station, General
Technical Report SO-90. 1992.

87.

Mobile tree seedling coolers. Herzberg, D. USDA
Forest Service, Technology and Development
Program, Missoula. 9324 2302-MTDC. 4 p. 1992.

88.

Protect yourself and your plants. Grey, D. The
Digger 37(1): 21-23. 1993. Temperature recorders
can help you document under what conditions plants
were shipped.

Pesticides
81.

Prepare to comply with new re-entry rules.
Greenhouse Manager 11(11): 116, 118119.1993.

82.

Setting an example: how new pesticide
regulations are transforming the Dutch nursery
industry. Edmonds, J. American Nurseryman
177(5): 48-53. 1993.

83.

Tips for effective tank-mixing. Neal, K.
Greenhouse Manager 11(12): 41-42. 1993.

SO.

Basic guide to pesticides: their characteristics
and hazards. Briggs, S. A. Hemisphere Publishing
Corp. 283 p. 1992. For various pesticides, includes
information on toxicity, effects on non-target
species, physical properties, environmental effects.
ORDER FROM: Taylor & Francis, 1900 Frost Road,
Suite 101, Bristol, PA 19007-1598. Phone (215)
785-5800. Price: $39.50 + $2.50 S&H.

SO.

An evaluation of yard waste composting with
regard to pesticides and other toxic residues.
Kovacic, D. A.; Bicki, T. J.; Cahill, R. A. University of
Illinois Center for Solid Waste Management and
Research. Project OSWER 02-11. 1992. ORDER
FROM: University of Illinois, Institute for
Environmental Studies, 1101 W. Peabody Drive,
Urbana, IL 61801. Phone (217) 3334178. Price:
$20.00 + $2.90 S&H. Make check payable to Univ.

Seedling Physiology and Morphology
*89* Abscisic acid content at defined levels of bud
dormancy and frost tolerance in two contrasting
populations of Picea abies grown in a phytotron.
Qamaruddin, M.; Dormling, L; Ekberg, L; Eriksson, G.;
Tillberg, E. Physiologia Plantarum 87(2): 203-210.
1993.
*90* Effect of photon flux density on carbon
assimilation and chlorophyll a fluorescence of
cold-stored white spruce and lodgepole pine
seedlings. Camm, E. L.; Harper, G. J.; Rosenthal, S.
L; Camm, D. M. Tree Physiology 12(2): 185-194.
1993.

of Illinois.
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*91 * An examination of regional, provenance, and
family variation in cold hardiness of
Pinusmonticola. Thomas, B. R.; Lester, D. T.
Canadian Journal of Forest Research 22(12):
1917-1921.1992.
*92* Frost hardening in first-year eastern larch (Larix
laricina) container seedlings. Colombo, S.J.;
Raitanen, E. M. New Forests 7(1): 55-61. 1993.
*93* Germination and phenology of 1-year-old
maritime pine (Pious pinaster Ait) seedlings
under continuous light. Lascoux, D. M.; Dormling,
L; Kremer, A. Trees 7(1): 48-58. 1992.
*94* Influence of photoperiod on shoot and root frost
tolerance and bud phenology of white spruce
seedlings (Picea glauca). Bigras, F. J.; D'Aoust, A.
L. Canadian Journal of Forest Research 23(2):
219-228. 1993.
95.

Intermittent short days and chilling, and
benqlaminopurine affect the growth and
morphology of Fraser fir seedlings. Cazell, B. H.;
Seder, J. R Journal of Environmental Horticulture
10(4): 205-207. 1992.

*96* Light requirements of some broadleaf tree
seedlings in natural conditions. St-Jacques, C.;
Bellefleur, P. Forest Ecology and Management
56(1-4): 329-341. 1993.
*97* Measurement of sap flow by the heat balance
method: numerical analysis and application to
coniferous seedlings. Groot, A.; King, K. M.
Agricultural and Forest Meteorology 59(3-4):
289-308. 1992.
*98* Morphological and water-stress characteristics
of three Douglas fir stock types in relation to
seedling performance under different soil
moisture conditions. Rose, R.; Gleason, J. F.;
Atkinson, M. New Forests 7(1): 1-17. 1993.
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*99*

Planting stress, water status and nonstructural
carbohydrate concentrations in Corsican pine
seedlings. Guehl, J. M.; Clement, A.; Kaushal, P.;
Aussenac, G. Tree Physiology 12(2): 173-183.1993.

*100* Root growth and water use efficiency of
Douglas-fir (Pseudotsuga menziesii (Mirb.)
Franco) and lodgepole pine (Pious contorts
Doug) seedlings. Smit, J.; van den Driessche, R.
Tree Physiology 11(4): 401-410. 1992.
* 101 * Seasonal changes of frost hardiness in Picea
abies and Pious sylvesfris in FinLand. Repo, T.
Canadian Journal of Forest Research 22(12):
1949-1957. 1992.
* 102* The state of water in acclimating vegetative buds
from Malus and Amelanchier and its relationship
to winter hardiness. Vertucci, C. W.; Stushnoff, C.
Physiologic Plantarum 86(4): 503-511. 1992.
103.

The Target Seedling concept: potential
marketing tool. Rose, R. International Plant
Propagators' Society, combined proceedings 41:
196-199. 1991. 1992. Seeds

104.

An ATV-hauled ladder for cone collection.
Durling, D. S.; West, R. J. Northern Journal of
Applied Forestry 10(1): 44-46. 1993.

105.

Germination of Cornus canadensis seed.
Maleike, R.; Hummel, R. L. International Plant
Propagators' Society, combined proceedings 41:
286-289. 1991. 1992.

106.

Germination of doubly dormant woody
ornamental seeds. Newman, S. E. International
Plant Propagators' Society, combined proceedings
41: 359-364. 1991. 1992.

107.

Germination of madrona seed. Maleike, R.;
Hummel, R. L. International Plant Propagators'
Society, combined proceedings 41: 283-285. 1991.
1992.

108.

Impact of seed treatments on crop stand
establishment. Bennett, M. A.; Fritz, V. A.; Callan, N.
W. Hort Technology 2(3): 345349. 1992.

109.

Influence of seed hydration on seedling
performance. Taylor, A. G.; Prusinski, J.; Hill, H.J.;
Dickson, M. D. Hort Technology 2(3): 336-344. 1992.

* 110* Interpretation of seed germination parameters.
Thomson, A. J.; El-Kassaby, Y. A. New Forests 7(2):
123-132. 1993.
111.

An investigation into poor Pinus elliottii seed
germination. Kietzka, J. W. Institute for Commercial
Forestry Research (South Africa), annual research
report 1992, p. 15-20. 1992.

112.

New method for breaking Korean pine seed
dormancy. Qi, Y.; Bilan, M. V.; Chin, K. L. Journal of
Arboriculture 19(2): 113-117. 1993.

113.

Post-germination growth related to timeto
germination for four woody plants. Booth, D.T.;
Morgan, D. R Journal of Seed Technology 16(1-2):
30-38. 1992.

SO.

Genetic variation and seed transfer guidelines
for lodgepole pine in central Oregon. Sorensen,
F. C. USDA Forest Service, Pacific Northwest
Research Station, Research Paper PNW-45 3. 30 p.
1992. ORDER FROM: USDA Forest Service, Pacific
Northwest Research Station, P.O. Box 3890,
Portland, OR 97208. Free.

Soil Management and Growing Media
117.

Compost and nutrition in nursery stock
production. Bragg, N. C. International Plant
Propagators' Society, combined proceedings 41:
142-145. 1991. 1992.

*118* Iron -phosphorus interactions in the nutrition of
seedling macadamia in organic potting media.
Handreck, K. A. Australian Journal of Experimental
Agriculture 32(6): 773-779. 1992.
119.

A look at: vermiculite. Greenhouse Manager
11(9): 66-67. 1993.

120.

* 114* Seed weight - seedling size correlation in coastal
Douglas-fir: genetic and environmental
components. Sorensen, F. C.; Campbell, R K.
Canadian Journal of Forest Research 23(2): 275-285.
1993.

Organic wastes as growing media. Chong, C.;
Cline, R. A.; Rinker, D. L. International Plant
Propagators' Society, combined proceedings 41:
399-403. 1991. 1992.

121.

Temperature control ofgermination in the
seeds of Picea abies. Leinonen, K.; Nygren,
M.; Rita, H. Scandinavian Journal of Forest
Research 8(1): 107-117. 1993.

A rapid method for determining physical
properties of undisturbed substrates. Niedziela,
C.E., Jr.; Nelson, P. V. Hort Science 27(12):
1279-1280. 1992.

122.

Viability of red pine seed stored up to 54 years.
Erickson, G. W.; Barse, R. G. USDA Forest Service,
North Central Forest Experiment Station, Research

Sample size consideration in the determination
of soil nitrates. Starr, J. L.; Parkin, T. B.;
Meisinger, J. J. Soil Science Society of America
Journal 56(6): 1824-1830. 1992.

123.

Steaming is still the most effective way of
treating contaminated media. Bartok, J. W., Jr.
Greenhouse Manager 11(10): 88-89. 1993.

115.

116.

Note NC-360. 2 p. 192.
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* 124* Techniques for adding minor ingredients to
containerized nursery stock compost. Tillett,
N.D.; Miles, S. J.; Lane, A. G. Journal of Agricultural
Engineering Research 52(4): 241-248. 1992.

*130* Effects of long-term pruning, meristem origin,
and branch order on the rooting of Douglas-fir
stem cuttings. Copes, D. L. Canadian Journal of
Forest Research 22(12): 1888-1894. 1992.

Tropical Forestry and Agro Forestry

* 131* First evidence of somatic embryogenesis from
needles of 1-year-old Picea abies plants. Ruaud,
J. N.; Bercetche, J.; Paques, M. Plant Cell Reports
11(11): 563-566. 1992.

*125* Growth, nutrimental location and water relations
of mesquite (Prosopis chilensis) seedlings at
differing fertilization schedules. Imo, M.; Timmer,
V. R. Forest Ecology and Management 55(1-4):
279-294. 1992.

Vegetative Propagation and Tissue Culture
126.

Applications of biotechnology and molecular
genetics to tree improvement. Huang, Y.;
Karnosky, D. F.; Tauer, C. G. Journal of
Arboriculture 19(2): 84-98. 1993.

127.

Comparative rooting of stem cuttings of selected
woody landscape shrub and tree taxa to varying
concentrations of IBA in talc, ethanol and glycol
carriers. Chong, C.; Allen, O. B.; Barnes, H. W.
Journal of Environmental Horticulture 10(4):
245-250. 1992.

* 128 * Early and late root formation ire epicotyl
cuttings of Pinus sylvestris after auxin treatment
Flygh, G.; Gronroos, R.; Gulin, L.; von Arnold, S.
Tree Physiology 12(1): 81-92. 1993.
129.

Early lessons from propagating Pacific yew.
Steinfeld, D. IN: USDA Forest Service, Rocky
Mountain Forest and Range Experiment Station,
General Technical Report RM-221, p. 92-94. Landis,
T.D., ed. Proceedings, 1992 Western Forest
Nursery Association. 1993.
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132. Induction of adventitious buds on the
cotyledons of Abies concolor x Abies grandis
hybrid seedlings. Vookova, B.; Gajdosova, A.
Biologia Plantaruxn 34(1-2): 23-29. 1992.
*133* Influence of (22S, 23S)-homobrassinolide on
rooting capacity and survival of adult Norway
spruce cuttings. Ronsch, H.; Adam, G.; Maschke,
J.; Schachler, G. Tree Physiology 12(1): 7180. 1993.
134. Influence of maturity and physiological status of
woody cuttings: limits and promises to ensure
successful cloning. Puri, S.; Khara, A. Indian
Forester 118(8): 560-565. 1992.
135. Micropropagation of Eucalyptus radiata ssp.
radiata using explants from mature and coppice
material. Chang, S. H.; Donald, D. G. M.; Jacobs,
G. South African Forestry Journal 162: 43-47.1992.
*136* Morphology and rooting of shoots developing in
response to decapitation and pruning of
Caribbean pine. Haines, R. J.; Walker, S. M.;
Copley, T. R. New Forests 7(2): 133-141. 1993.
137. Propagation media and rooting cuttings of
Eucalyptus grandis. Carter, A.; Slee, M.
International Plant Propagators' Society, combined
proceedings 41: 36-39. 1991. 1992.

138.

Simple methods of micropropagation. Hartney,
V. J.; Svensson, J. G. P. International Plant
Propagators' Society, combined proceedings 41:
83-89. 1991. 1992.

146.

NPURG—a computer program to assess risk of
pesticides to ground and surface water. Kujawski,
R. F. International Plant Propagators' Society,
combined proceedings 41: 432-436.1991. 1992.

139.

Vegetative propagation of eastern red cedar by
stem cuttings. Henry, P. H.; Blazich, F. A.;
Hinesley, L. E. Hort Science 27(12): 1272-1274.
1992.

147.

Nutrient run off from nurseries—is it a problem?
Johnson, J. R. International Plant Propagators' Society,
combined proceedings 41: 428-431. 1991. 1992.

* 140* Water relations and gas exchange processes of
yellow-cedar donor plants and cuttings in
response to maturation. Grossnickle, S. C.;
Russell, J. H. Forest Ecology and Management
56(1-4): 185 198. 1993.

Water Management and Irrigation
141.

Constant flood irrigation (CFA: an automated
subirrigation system with individual supply to
each container. Goyette, G. G.; Pill, W. G. Hort
Science 27(11): 1229. 1992.

148. Ways to make watering systems more precise.
Whitesides, R. Greenhouse Manager 11(10): 42044.
1993. Weed Control
149. The effects of selected herbicides on propagation of
chestnut oaks in containers. Reeder, J.A.; Gilliam, C.
H.; Wehtje, G. R; South, D. B. International Plant
Propagators' Society, combined proceedings 41:
325-329. 1991. 1992.
150.

Field bindweed (Convolvulus arvensis) control with
various herbicide combination. Westra, P.;
Chapman, P.; Stahlman, P. W.; Miller, S. D.; Fay, P. K.
Weed Technology 6(4): 949-955. 1992.

142.

Control mechanisms to reduce fertilizer
nitrogen movement into groundwater. Francis,
D.D. Journal of Soil and Water Conservation 47(6):
444-448. 1992. Discusses possible ways to control
ground water pollution from nitrogen by various
controls, such as taxes, rights to purchase N
fertilizer, restrictions and zoning, education, and
incentives.

143.

Crop water requirements of containergrown
plants. Regan, R. P. International Plant
Propagators' Society, combined proceedings 41:
229-231. 1991. 1992.

144.

Effects of water quality and water management
on the growth of container nursery stock.
Whitcomb, C. E. International Plant Propagators'
Society, combined proceedings 41: 492-496.1991.
1992.

145.

Irrigation installation. Vinchesi, B. E. American
Nurseryman 177(4): 72-77. 1993.
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Horticultural Humor
A Corporate Fairy Tale
Once upon a time an American aerospace company and an Asian rice cooperative decided to
have a competitive boat race. Both teams practiced hard and long to reach their peak performance, and on the big day, both felt they were as
ready as they could ever be.
The rice farmers won by a mile.
The American team was discouraged by the loss
and suffered from sagging morale, so corporate
management decided that a reason for the humiliating defeat had to be found. A Measurable
Improvement Team was set up to investigate the
problem and to recommend appropriate corrective
action. They concluded the problem was: The
Asians had eight people rowing and one steering,
whereas the American team had one person
rowing and eight steering.
So, the American team promptly hired a consulting firm to do a study and find a solution. After
some months and millions of dollars, the consulting firm concluded that poor corporate communication was to blame and that a new "participative
team approach" would solve this problem. One
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of the key concepts of this reorganization is that
there would be a clear chain of command and that
every team member would be "validated" with a
special title. After several weeks of staff meetings,
the new rowing team was reorganized so that the
rower would be backed up by a steering manager,
an assistant steering manager, as well as a full
range of other support personnel. Instead of
practicing rowing, the weeks before the next race
were dedicated to a series of team building and
training sessions so that each team member would
understand the complexities of their new positions.
An incentive program was also initiated to improve
the team's performance - to give them
"empowerment" and "enrichment".
The next race, the American team lost by two
miles.
Humiliated, the American corporation laid off the
rower for poor performance, halted development of
a new boat, sold all the paddles, cancelled all
capital investment for new equipment, gave a
performance award to the consulting firm, and
distributed the money saved as bonuses to senior
executives.

Seeds of Woody Plants Survey Form
Fill out one sheet for each species; copy this form if necessary

New Woody Plants to be Included:
SCIENTIFIC NAME _______________________________COMMON NAME _______________________________________
SCIENTIFIC NAME _______________________________COMMON NAME _______________________________________
SCIENTIFIC NAME _______________________________COMMON NAME _______________________________________
SCIENTIFIC NAME _______________________________COMMON NAME _______________________________________
SCIENTIFIC NAME _______________________________COMMON NAME _______________________________________

I HAVE INFORMATION ON THE FOLLOWING PLANTS:
SCIENTIFIC NAME _____________________________________________________________________________________
NAME OF CONTRIBUTOR _______________________________________________________________________________
ADDRESS ____________________________________________________________________________________________
PHONE ________________________________________FAX __________________________________________________
Please organize your contribution by the following categories:
COLLECTION OF FRUITS/CONES

SEED STORAGE

FRUIT/CONE PROCESSING

PRESOWING SEED TREATMENTS

SEED EXTRACTION

NURSERY PRACTICES

OTHER INFORMATION _________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
If you have too much information for this type of form, at least give us a rough idea and we will contact you for more details.
RETURN THIS FORMWITHYOUR FN N LITERATURE ORDER FORM.
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If you have too much information for this type of form, at least give us a rough idea and we will contact you for more details.
RETURN THIS FORMWITHYOUR FN N LITERATURE ORDER FORM.
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Literature Order Form
Please fill out a separate order form for each person ordering literature (copy this form). Circle the articles in which you are
interested. For items that require a copyright fee, you will receive the title page with the abstract and ordering instructions. If
you have questions about your literature orders, please contact "FSINFO Northwest": PHONE: 206-553-1076; FAX:
206-553-1190.
Name________________________________________________________________________________________________
Position ______________________________________________________________________________________________
Nursery/Company ______________________________________________________________________________________
Department ___________________________________________________________________________________________
Street Address ________________________________________________________________________________________
P.O. Box _____________________________________________________________________________________________
City _________________________________________________________________________________________________
State/Province ________________________________________________________________________________________
Country ________________________________________ Zip/Postal Code ________________________________________
Phone _________________________________________ Fax __________________________________________________
DG Address_____________________________________
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