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HOLIDAY PERSPECTIVES
"God put me on earth to accomplish a certain number of things.
Right now, I'm so far behind, I will never die."

Winter is a time of reflection, and the changing of the seasons is a comfortable reminder of the natural cycles that control our
planet. Instead of being frustrated at all the things we have to do, let's take a different perspective. I think the key is to slow
down and realize that we never are going to accomplish all the things that we wish we could. Instead, let's be thankful that we
lead busy, productive lives in a profession that is having a positive effect on our world.

My best to you and yours during this Special Season.
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Forest Nursery Notes, January 1994

FNN Update Form
Well, the forms have been coming back steadily now for several months, and we are making the changes to the FNN mailing
list. Apologies to you folks in British Columbia who received the wrong forms, and thanks for being patient with us. Matching up
the letters with the mailing labels is more difficult than I anticipated, I guess. And thanks to all of you who included some kind
words about the FNN service. The encouragement is certainly welcome.

New Official Look
As you can see on the cover, we now meet the official Forest Service Publication Design Criteria. In spite of these
bureaucratic trappings, FNN will remain the same informative, yet slightly irreverent, technology transfer service.

FNN Literature Source
We have made new arrangements for copying and mailing the articles that you request on the Literature Order Form. Portland
Habilitation, Inc. is a local handicapped workshop that does excellent work and I'm sure that you'll be satisfied with the quality of
the copies and the speed of delivery. If you have any problems or questions about your orders, however, call or FAX me and
we'll take care of it.
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Nursery Meetings
"So Many Meetings, So Little Time"
The Southwestern Container Growers' are holding an organizational meeting at the Holiday Inn in Gallup, NM on Feb.
8-9,1994. The Navaho Nation Forest Nursery and New Mexico State University are hosting this meeting, and anyone
interested in growing forest and conservation seedlings in containers is invited to attend. In addition to a tour of the Navaho
nursery in Ft. Defiance, we will be having an informal discussion on mineral nutrition and fertilization. For more information,
contact me or John Harrington:
John Harrington
New Mexico State University
Mora Research Center 359
Mora, NM 87732
PHONE: 505-387-2319
FAX:505-387-9012

The annual Western Nursery Pathology Workshop will be held on March 21-24, 1994 at the Salishan Lodge in Gleneden
Beach, OR. This meeting consists of an informal mixture of technical presentations and discussions, and anyone interested in
seedling pathology is invited to attend. The agenda is still being developed, so if you'd like to give a presentation or just
simply want more information, contact:
Diane Hildebrand
USDA Forest Service, FPM
P.O. Box 3623
Portland, OR 97208-3623
PHONE: 503-326-6697
FAX:503-326-5569

The Virginia Department of Forestry will be hosting the Southern Forest Nursery Association Meeting in Williamsburg, VA
on July 11-14, 1994. The meeting will include technical sessions on Reforestation, Fumigation, Pine Culture, Hardwood
Culture, and Safety and Environment in addition to field trips to local nurseries. The meeting will be in the heart of Colonial
Williamsburg and you can literally walk to many local historical landmarks, making this meeting ideal for a family vacation.
For the latest information, contact:
Ron Jenkins or Doris Madison
Virginia Dept. of Forestry
P.O. Box 3758
Charlottesville, VA 22903
PHONE: 804-966-2201
FAX: 804-966-9801
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Agroforestry and Sustainable Systems, a symposium designed for researchers, practitioners, technical specialists, and
educators, will be held on August 7-10, 1994 in Ft. Collins, CO. Invited speakers will focus on how trees can be integrated into
sustainable agricultural systems in the semiarid West, as well as how they can enhance agricultural productivity, natural
resource conservation, and human environments. Volunteer posters are being accepted until April 15, 1994, and will also be
included in the Proceedings. For more information, contact:
Kim Isaacson
USDA Forest Service
Center for Semiarid Forestry
University of Nebraska, East Campus
Lincoln, NE 68583-0822
PHONE: 402-437-5178 ext. 13
FAX: 402-437-5178

A joint meeting of the Western Forest Nursery Council and the Forest Nursery Association of British Columbia will be
held at the Best Western University Inn in Moscow, ID on August 15-19, 1994. Morning technical sessions on innovative
methods for growing seedlings for reforestation, conservation, and biodiversity will be balanced by afternoon field trips to local
nurseries. We will also be boating on Lake Coeur d'Alene and picnicking in the Snake River Canyon. We need to get an
estimate of attendance; so, if you didn't receive an announcement or forgot to mail it back, please contact Kas Dumroese by
February 1. If you're interested in presenting a poster or paper, please indicate that as well:
Kas Dumroese
Forest Research Nursery
University of Idaho
Moscow, ID 83844-1137
PHONE: 208-885-7017
FAX: 208-885-6226

This year the Intermountain Container Seedling Growers' will get together in Moscow, ID on Aug. 15, 1994 in conjunction
with the Western Forest Nursery Council meeting mentioned above. This will give us a chance to have our usual informal yet
informative meeting, and save the cost of going to another meeting. The agenda is still being developed, but for more
information, contact me or Kas.

6 * Forest Nursery Notes * January 1994

"Making the Grade" will be the theme of an international symposium on planting stock performance and quality assessment
which will be held in Sault Ste. Marie, ON on Sept. 11-15, 1994. The meeting is being arranged by the Ontario Forest
Research Institute and is co-sponsored by IUFRO Working Parties on Characterization of Plant Material, Physiology, and
Nursery Operations (See International Nursery Section for membership details). Invited presentations by world leaders in
plant quality assessment will be supplemented by volunteer papers and posters which will make this meeting a must for
researchers, reforestation specialists, and nursery workers. Tours to the Research Institute and local nurseries will round out
the meeting. If you would like more information, contact:
Tom Noland or Peter Menes
Ontario Forest Research Institute
P.O. Box 969, 1235 Queen Street E.
Sault Ste. Marie, ON
CANADA P6A SNS
PHONE: 705-946-2981
FAX:705-946-2030

The 35th annual meeting of the Western Region of the International Plant Propagators' Society will be held at the Red
Lion Hotel in Costa Mesa, CA on Sept. 29-Oct. 1, 1994. The society motto "To Seek and To Share" reflects the objectives
of the annual meeting in which members share their knowledge and experience in the propagation of a wide variety of
plants. This year's meeting will feature technical presentations and field trips to local nurseries, and is an excellent
opportunity to expand your horticultural horizons. I hope to see you there. Additional information can be obtained from:
IPPS Membership
Wilbur Bluhm
IPPS, Western Region
743 Linda Avenue NE
Salem, OR 97303
PHONE: 503-393-2934

Program Chairman
Mike Evans
Tree of Life Nursery
P.O. Box 736
San Juan Capistrano, CA 92693
PHONE: 714-728-0685
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National Nursery Issues
Methyl Bromide Update
The US Environmental Protection Agency (EPA) recently
announced that the phaseout of methyl bromide (MBC) will
be extended one year to Jan. 1, 2001. Beginning in 1994,
MBC production will be held at 1991 levels and so
availability will become an increasingly serious problem.
The latest research has shown that a small amount of
MBC used in agriculture reaches the stratosphere where
some "fraction of it" participates in the destruction of the
ozone layer (See last several issues of FNN for more
information). Therefore, the proposed listing of MBC as a
"Class I Ozone Depletor" under the Clean Air Act will
probably occur this coming year. Following that, Congress
may be assigning special excise taxes which are designed
to make it less economical and reduce its use. I couldn't
find any mention of specific amounts; however, because
soil fumigation is already one of the most expensive
treatments in bareroot nursery operations, any price
increase will have a significant effect.
The Southern Forest Nursery Management Cooperative at
Auburn University is screening alternative fumigants alone
and in combination, including BasimidR, SectagonR and
TriformR. Basimid is already in wide use in the Western
US and several nurseries have already completely
switched over from MBC. I'll try to keep you informed as
this saga continues, so stay tuned!
Source: Auburn University Southern Forest Nursery
Management Cooperative Newsletter, Fall 1993. Auburn
University, AL. 8 p.

The Worker Protection Standard:
You Must Comply by Aril 15,
1994
In 1992, the EPA issued a new regulation called the
Worker Protection Standard (WPS) which is designed to
protect agricultural employees from occupational
exposure to pesticides or their residues. Who must
comply? You do if you own or manage a farm, forest,
nursery or greenhouse where pesticides are used in the
production of agricultural plants. This not only includes
typical bareroot and container seedlings but also Christmas trees, hedges used as a source of cuttings, and
even research plants. Some provisions of the WPS are
already in place, and you'll have to comply with the rest
of the law by April 15, 1994.
At first glance the WPS may seem complicated,
especially if you try and decipher it from the Federal
Register. The provisions are relatively straight-forward
and so, if you use common sense and get a little help,
complying with the law should not be difficult. You should
first contact your local cooperative extension service and
state pesticide regulatory agency and find out what
materials and training sessions they are planning to help
you comply with WPS. As part of their training and
information sessions they may provide as handouts, or
for a nominal charge, all of the publications described
below. Watch local agricultural supply companies for
posters, signs, personal protective equipment, and other
items you'll need to comply with the WPS.
There are several publications available from the EPA
and other organizations which are very informative and
make WPS compliance much simpler. All of the following
materials are available through the Government Printing
Office (GPO), but you can also get them from your local
regulatory agencies, and private companies. The
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phone number of the Washington, DC office of the GPO is
202-783-3238, or you can contact the distribution center here
in Portland. Prices include shipping and handling, and you
can order by mail, phone, or FAX. All orders must be prepaid
in cash, check payable to "Superintendent of Documents", or
can be charged to Visa or MasterCard:
US Government Printing Office
1305 S.W. First Avenue
Portland, OR 97201-5801
PHONE: 503-221-6217
FAX: 503-225-0563

Federal Register
The August 21, 1992 issue of the Federal Register contains
the actual law. You don't have to read this to become savvy
with WPS, you may also find it repetitive and with too much
legalese. It is useful as a reference, however. You can check
it out at our local library, or you can obtain a copy from:
US Environmental Protection Agency/OPP
Mail Code 7506C
Washington, DC 20460
PHONE: 703-305-7666
FAX: 703-305-5884

WPS Compliance Manual
You should definitely order an EPA compliance manual as
this is the "bible" for the WPS. The manual is handy,
easy-to-read, and includes a quick reference guide that boils
all the requirements of the WPS down to two pages. It should
be available from your local cooperative extension service
office, state pesticide regulatory office, or your EPA Regional
Office. Private companies such as Gempler's Agricultural

Supplies are also printing the manual. EPA requires they
copy the manual verbatim, so you don't have to worry about
not getting all the facts. They'll send you a complimentary
copy, additional copies are $1 each, and volume discounts
are available with larger orders. If you have particular
questions about the WPS, Trisha Cox is their specialist:
Gempler's
PHONE: 800-3 82-8473
FAX:800-551-1128

Compliance Manuals can also be purchased for $8.50 each
from the GPO, with a 25% discount if you order over 100.
Ask for publication number 055-000-00442-1.

Quick Reference Guide Poster
This is a 17 in. x 22 in. poster of the quick reference guide
found in the compliance manual. The GPO offers copies for
only $1.00 with a 25% discount for orders of 100 or
more--ask for publication number 055-000-00445-5.

"Protect Yourself from Pesticides"
Poster
One of the requirements of the WPS is that you must display
a safety poster at your nursery by April 15, 1994. You may
make your own poster as long as it contains all the
information and requirements specified in the compliance
manual, or they are also available from private suppliers. The
GPO has the EPA-developed version which is 24 in. x 36 in.,
illustrated in color, and has both English and Spanish text. It
is publication number 055-000-00444-7 and sells for $1.50,
with a 25% discount if you order more than 100.
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"Protect Yourself from Pesticides:
Guide for Agricultural Workers"
Booklet
Employee training is mandated by the WPS. This
Worker Training Booklet can be used for training your
employees and is written in both English and Spanish.
They cost only $3 - again with the 25% discount if you
order more than 100 - ask for publication number
055-000-00443-9:

Finally, some states, tribes, or local governments with
jurisdiction over pesticide enforcement may have additional
worker protection requirements beyond those mandated by
the federal WPS. Check with these agencies to obtain all
the information you need to comply with their specific
requirements.
Source: This information was graciously supplied by cub
reporter Kas Dumroese of the Forest Research Nursery,
University of Idaho, Moscow, ID.

International Nursery Items
International Union of Forest
Research Organizations
(IUFRO)
As announced in the Nursery Meetings and Workshops
section, the "Making the Grade" seedling quality
workshop will be held in Sault Ste. Marie, Ontario this
coming September. This meeting is being jointed
sponsored by 3 different IUFRO Working Parties, and I
encourage you to consider joining one of them.
Membership in international organizations is an excellent
opportunity to share information and learn what nursery
folks are doing in other countries. Contact one of the
following group leaders for more information on IUFRO
organization and membership:
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Working Group S1.05-04:
Characterization of Plant Material
Dr. Pasi Puttonen
B.C. Ministry of Forests
Research Branch
31 Bastion Square
Victoria, BC
CANADA V8W 3E7
PHONE: 604-387-3041
FAX: 604-3 87-0046

Working Group 53.02-03 Nursery Operations

Subject Group 52.01-00: Physiology

Dr. Mike Menzies
New Zealand Forest Research Institute
Dept. of Biotechnology
Private Bag 302
Rotorua
NEW ZEALAND

Dr. Melvin Cannell
Natural Environment Research Council
Institute of Terrestrial Ecology
Bush Estate
Penicuik, Midlothian
UNITED KINGDOM EH26 OQB

PHONE: 64-73-475-899
FAX:64-73-479-3 80

PHONE: 44-31-445-4343
FAX: 44-31-445-3943

Ecological Alternatives
The Production and
Use of Organic Composts
Composting is a term that has been most recently
associated with organic gardening but, in reality, has
been around for thousands of years. Few forest and
conservation nurseries use composts at the present
time, although several nurseries have made small
composting trials in recent years. However, there are
new reason why both bareroot and container
nurseries should take another look at the benefits of
composts:

Container Nurseries
Organic Component in Growing Media.
Peat moss, the standard organic component of most
artificial growing media, is already too expensive in
some regions. Composting offers tremendous
opportunities for generating locally-made organic
materials for use in growing media.
Suppressive Media. Growing media that contain
composted organic materials can help control
soilborne diseases. While all composts have some

suppressive benefits, it may soon be possible to
custom-inoculate growing media to combat specific
pests.

Bareroot nurseries
Soil Amendments. Propagation of bareroot seedlings
is hard on soils, and even the best nursery soil loses
some of its original productivity after several crops.
Organic composts can improve soils in several ways
but one of the most important is its positive effect on
soil structure. The composting process increases soil
porosity because gums, which result from the
decomposition of organic matter, and fungal mycelia
bind soil particles together into crumbs (Figure A).
Composts are superior to raw organic soil amendments because they do not cause the severe nitrogen
tie-up that so often results after application.
Seedbed Mulches. Composted organic materials
make ideal mulches for covering fall-sown seed,
overwintering seedlings, or protecting young
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Source of mineral nutrients. Composts are an ideal
way to supply mineral nutrients in a safe
organically-bound form. Although they alone cannot
maintain the high macronutrient levels needed for
intensive nursery culture, organic forms of nutrients
resist leaching and are therefore more available to
plants. This makes organic composts particularly
attractive for micronutrients, because providing the
proper level and balance of micronutrients can be
challenging.

IPM Substitute for Methyl Bromide. In recent years,
bareroot nurseries have been searching for ways to
deal with the probable loss of methyl bromide
fumigants. Although they cannot directly control
pathogens, organic soil supplements can contribute in
several way to an overall IPM program. Experiments
and small field trials have shown that creating a
suppressive soil with organic amendments can help
control disease organisms and reduce the need for
fumigants and other pesticides. The challenge will be
to accomplish this on an large-scale operational basis.

Both Container& Bareroot Nurseries
Eco-friendly Waste Disposal. Composting is an ideal
way to dispose of cull seedlings and other organic
refuse that accumulate around the nursery. Disposal of
all types of waste is becoming more difficult and
expensive, and many landfills are putting restrictions
on the dumping of organic materials. Nurseries are
viewed as "green" industries, and should provide a
good example by recycling all their organic wastes.

Improved Community Relations. Nurseries can
become local composting centers. Even if they don't
offer plants for retail sales, forest nurseries can
provide a valuable public service by accepting
municipal organic wastes for composting. Although
this may not be cost effective, it's impossible to put a
dollar value on these types of good community
relations.

The Composting Process
Okay, you want to give composting a try but don't
know much about it. The process is really quite
simple. Composting is the controlled decomposition of
organic matter by microorganisms in a warm moist,
aerated environment (Figure B). Organic
decomposition will take place all by itself but the
objective is to accelerate the process by carefully
management and end-up with a useful product.
Organic wastes. Although any organic material can
be composted, decomposition will be hastened by
having a mixture of materials that will result in the
proper carbon:nitrogen (C:N) ratio. The
microorganisms which drive the composting process
require a C source to provide energy and materials for
new cells, along with N to manufacture cellular
proteins. The C:N of the original mixture should be in
the range of 25:1 to 35:1 (Figure B). The simplest and
most economical way to adjust the C:N is to use of
mixture of materials with different carbon and nitrogen
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contents. Municipal waste composters recommend a
mixture of "green" and "brown" materials. Green materials
have a high proportion of nitrogen compared to brown
materials which have relatively more carbon. You should
know the C:N ratio of the materials that you want to use in
your compost. For example, sawdust with a C:N of 500:1
should be mixed with manure with a C:N of 25:1.
Otherwise, the nitrogen to help breakdown the sawdust
will have to be supplied with inorganic fertilizer at a rate of
0.25 lb/ft3 (4 kg/ m3), which can make the entire
composting process uneconomic.
Particle size. The individual pieces of organic material
must be small enough so that they have a greater surface
area for microbial attack. On the other hand, small
particles of the same size tend to pack tightly together,
reducing the supply of oxygen, and hindering the release
of carbon dioxide. Therefore, a mixture of particle sizes in
the 0.4 to 2.0 in. (1 to 5 cm) range is recommended. For
aerated compost piles, particles can be at the smaller end
of the range.
Moisture content. Microorganisms require water to
breakdown the organic matter and reproduce (Figure B).
However, if the moisture content is too high, the pores
become waterlogged which prevents good air exchange.
The optimum moisture content in the compost pile
should be between 50-60%. Very dry components may
need to be moistened to start the composting process,
and additional watering may be required in dry climates
or in aerated composted systems.
Aeration. The microorganisms that breakdown organic
matter are aerobic, but the necessity of supplying
enough air during composting is probably the least
understood aspect of the process. All areas of a
compost pile must have good aeration to supply oxygen
for microbial respiration and flush out the carbon dioxide
that is produced (Figure B). Poor aeration favors

anaerobic microorganisms which can lead to acidic
conditions, leaving you with silage instead of compost.
Proper air exchange can be achieved by either turning
the compost heap or providing natural or forced
ventilation. Regular agitation will insure that no part of the
compost heap will be more than 30 in. (75 cm) from an
air source for an extended period. With natural aeration,
compost should be piled no more than 8 ft high and 5 ft
wide (2.5 m x 1.5 m). In addition to releasing the carbon
dioxide and water that is produced by decomposition,
providing a regular source of air also removes heat which
can be very important in large-scale composting
operations.
Temperature. Some of the chemical energy in the
organic matter is given off as heat during
decomposition (Figure B). Compost must reach the
proper temperature range to start the decom-
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position process and so, during cold weather, compost
piles may need to be initially covered. Once conditions are
optimum, however, the temperature follows a typical curve
during the composting process (Figure C). The
temperature rises rapidly as bacteria and fungi breakdown
the easily decomposable green materials. When the
temperature reaches approximately 140 °F (60 °C), the
fungi and some of the initial bacteria die off and
actinomycetes and rod-forming bacteria take over. This is
the pasteurization phase in which most plant pathogens
are killed but beneficial microbes survive. All parts of the
compost heap should be kept in this temperature range for
at least 3 days. After most of the easily decomposable
organic material has been broken down, the compost pile
begins to cool and then fungi and actinomycetes begin to
work on the more resistant materials such as
hemicellulose and cellulose. As the pile cools further,
competition increases between microorganisms,
antibiotics are released, and larger organisms like
earthworms move in. The compost is ready for use when
the temperature stabilizes.
Microbial additives. Supplementing composts with a
special mixture of microorganisms is generally not needed
if the proper mix of organic materials has been selected.
The composting process can be accelerated, however, by
adding aged manure or compost from a previous batch at
a rate of about 3% by volume. Relatively sterile organic
materials like fresh sawdust start composting much more
rapidly if they are inoculated with special
cellulose-decomposing fungi like Coprinus ephemerus.
Well, that's a brief introduction to composting. In the July,
1994 issue of FNN, we will look at the practical and
economical aspects of composts in forest and
conservation nurseries.
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Biocontrol of Botrytis
Peninsu-Lab, a private diagnostic and research
laboratory in Washington State, is beginning a major
business expansion to develop a wide range of
non-chemical pesticides. One of their current projects is
the biocontrol of gray mold disease of conifer seedlings,
which is caused by Botrytis cinerea. This fungus is the
major pathogen of container seedlings and also affects
bareroot stock in the Pacific Northwest, costing the forest
and ornamental nursery industry over $2.5 million per
year. The research and development division of
Peninsu-Lab has just been awarded a $220,000

grant from the USDA Small Business Innovative Research
Program to complete this research which is expected to
take about 2 years. Hopefully, the product will be
commercially available by 1995. For the latest information,
contact:
Linda Davis
Peninsu-Lab
5795 NE Minder Road
Poulsbo, WA 98370
PHONE: 206-297-3295
FAX: 206-297-7369

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.

SO. Seed Manual for Forest Trees. Gordon, A.G. Forestry Commission Bulletin 83. London, HMSO Publications. 132 p.
1992.
Somehow, I neglected to mention this book which was listed in the New Nursery Literature section of the January, 1993 issue
of FNN. It is noteworthy, however, because it contains a good overall discussion of the collection, processing, treatment, and
storage of forest tree seeds. The easy-to-read text is complemented by numerous tables and graphs as well as several color
photographs of cone development.
COST: L10.95

ORDER FROM:

HMSO Publications Centre
P.O. Box 276
London SW8 SDT
UNITED KINGDOM
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SO.

Plantation Forestry in the Tropics. Evans, J. Second Edition. Oxford: Clarendon Press. 403 p. 1992.
Although the bulk of the book concerns other aspects of plantation management, the section on Plantation Silviculture
contains chapters on What to Plant; Seed Collection, Supply, and Storage; and Forest Nurseries. Both seed and
vegetative propagation are discussed along with many example of tropical nursery culture from around the world. Line
drawings, B/W photographs, and tables illustrate the test.
COST: $47.50
+S & H

ORDER FROM:

Oxford University Press
2001 Evans Road
Cary, NC 27513
PHONE: 800-451-7556

SO. Tropical Containerized Nursery Manual. Josiah, S.J. Washington, DC: Pan American Development Foundation.
245 p. 1992.
The spiral-bound book is a good handbook for starting a container nursery in developing tropical countries. It is primarily
oriented toward nursery technicians who work in forestry or agroforestry programs but lack extensive formal schooling
and technical training. Scott developed this manual while helping produce over 50 million tropical tree seedlings in Haiti.
Besides being well-organized and written, it contains excellent illustrations which increase its value as a teaching aid.
COST: $18.95
+ S&H

SO.

ORDER FROM:

Spencer-Lemaire Industries Ltd.
11413 - 120 St.
Edmonton, AB
CANADA T5G 2Y3
PHONE: 403-451-4318
FAX: 403-452-0920

Rootrainers in the tropics. Spencer, H.A. Edmonton, AB: Spencer-Lemaire Industries. 13 p. 1993.
The pamphlet is designed to show people how to raise seedlings in RootrainerR containers. It is easy to read, contains
helpful illustrations, and should serve as a good basic nursery manual.
COST: FREE
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ORDER FROM:

Spencer-Lemaire Industries Ltd.
11413 - 120 St.
Edmonton, AB
CANADA T5G 2Y3
PHONE: 403-451-4318
FAX: 403-452-0920

Tree Planters' Notes. For those of you who don't already subscribe, Tree Planters' Notes (TPN) is a technical journal published
quarterly by the USDA Forest Service in Washington, DC. It contains a wide variety of volunteer and peer-reviewed articles
about nursery science, tree improvement, and reforestation. We encourage everyone to subscribe because it costs only $5 per
year ($6.25 foreign) -use order form at the bottom of this page. To give you an idea of the content, we are offering copies of back
issues of TPN. Just check the box on the Literature Order Form for the issues in which you are interested. Copies are limited, so
don't wait:

A.

Volume 42(3), Summer, 1991 - 5 copies.

B.

Volume 42(4), Fa11,1991 - 3 copies

C.

Volume 43(1), Winter, 1992 - 10 copies

D.

Volume 43(2), Spring, 1992 - 6 copies

E.

Volume 43(3), Summer, 1992 - 11 copies

F.

Volume 43(4), Fa11,1992 - 6 copies

G.

Volume 44(2), Spring, 1993 - 23 copies
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Health and Safety
Agriculture is a Dangerous
Business
In 1991, the agricultural industry recorded more fatalities per
capita than either mining or construction. According to Bradley
Rein of the USDA, this is because agricultural workers perform
a wide variety of tasks and often only do them one only once
or twice a year. Some of the most serious problems include:
1. Tractor-related accidents. Tractor roll-over and accidents
in power take-off attachments take the lives of about 132
growers each year, and many more are injured.
2. Respiratory hazards. Pesticide inhalation is an obvious
hazard, but one of the most common respiratory problems is
organic dust which causes a variety of maladies including
pneumonitis, bronchitis and asthma.
3. Electrocution. Farmers are notorious for making
on-the-spot repairs but jury rigged electrical wiring often
results in injury or death.
4. Hearing loss. Although working around mechanical
equipment without proper ear protection is dangerous, many
growers like to listen to equipment to make sure that it is
operating properly.
What makes farm-related accidents even more serious is that
they typically happen in remote locations which delays the
response time for emergency medical assistance. All nurseries
should have someone that is up-to-date on the latest
emergency medical procedures. Farmedic, an non-profit
corporation has developed a system to train workers how to
properly respond to farm emergencies. The course includes
classroom sessions, videos, and modular demonstrations. For
information, contact:
Farmedic
PHONE: 607-587-4734
FAX: 607-587-4737
Source: Occupational Health and Safety as cited in American
Nurseryman 178(7): 9.
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Of Mice and Men
When a mysterious illness began claiming the lives of young
Navajos last spring, tribal elders blamed the deaths on the
tendency of young generations to drift away from traditional
beliefs. It looks like they were right.
After several months of exhaustive field research and
laboratory analysis, the Center for Disease Control finally
identified the cause of the disease as a previously unknown
pathogen, called a hantavirus. These viruses are known to be
earned by rodents and spread through their droppings, the
dust of which becomes airborne in the arid Southwest. Unlike
other infectious ailments, hantaviral diseases tend to strike
young, healthy adults rather than small children and the
elderly. Although hantavirus-caused diseases are common in
Asia and parts of Europe, they were previously unknown in
America - or were they?
Contact with mice has always been prohibited in Navajo
culture because they are thought to have dangerous powers.
They must be kept out of houses and away from food and, if a
mouse so much as touches your clothes, the garments must
be burned. "The mouse is the only rodent that Navajos have
this thing about," says Ben Muneta, a doctor and CDC-trained
epidemiologist who works for the Indian Health Service. From
a medicine woman in Monument Valley, Muneta learned that
mice must never be touched or allowed in the home because
they are bearers of illness from ancient times. "The illness
spreads in the air," the medicine woman told him. "In a closed
room, the power of the mouse would take over and destroy you
if it got in your eyes or nose or mouth." She also told him that
"the mouse would choose the strongest and best person in the
house."
"It was an incredible feeling of discovery," Muneta recalls. "She
was describing quite subtle aspects of the hantaviral infection
process." He concluded that Navajos could have encountered

the hantavirus generations ago and, through
observation, learned how to avoid it. "The traditional
healers are also scientists with centuries of
experience " he says. This fall, with his help, the
Indian Health Service introduced a program that
combines modern health education with traditional
wisdom to teach people to protect themselves from
the disease.

educated are taught not to trust our senses, and that all
facts must be verified by controlled experiments. While we
all acknowledge the value of formal research, much useful
information can be gained by careful observation. So,
keep your eyes open while walking around your nursery
and don't discount the experiences of your long-time
workers.

So, what does this mean to us - except not to inhale
mouse droppings? The take-home lesson is to
appreciate the value of direct observation and
indirect experience. Those of us who are college-

14(12): 83-91.

Source: Grady, D. 1993. Death at the Corners. Discover

Cultural Perspectives
The "Nursery Effect"
Phenotype = Genotype x Environment
This equation is the mathematical expression of the fact that an individual's appearance is the result of it's genetic make-up,
tempered by the environment in which it was raised. In the forest and conservation nursery business, the physical
characteristics of a seedling are a function of its genotype, generally expressed as seed source, and the environment of the
nursery in which it was grown. Actually, nursery environment is a composite of the location of the nursery and the cultural
practices used to raise the seedling. Incorporating this information into our equation produces:
Seedling Morphology = Seed Source x [Nursery Location x Cultural Practices]
In bareroot nurseries, seedlings are grown under ambient climatic conditions and so become naturally acclimatized to the
nursery environment. Because bareroot stock is acclimatized to the general climatic of a geographic region, they are not
normally shipped outside that region. With the advent of container nurseries, however, it has became possible to grow
seedlings in one geographic region and ship them to another. Theoretically, as long as the seed source is carefully selected
and maintained during the nursery tenure, a container seedling can be grown almost anywhere as long as it is properly
hardened prior to storage and shipment to the outplanting site. Seedling users need to know the biological implications of this
practice to insure that they are receiving the highest quality stock for their reforestation projects.

January 1994 * Forest Nursery Notes * 19

This concept has immediate practical implications
because container nurseries are beginning to expand
their markets and bid on seedling growing contracts
from vastly different environments. In recent years, for
example, a container seedling grower in Colorado has
produced tree seedlings for a timber company in
British Columbia. Another contractor in Northern
California has grown conifer stock for outplanting in
New Mexico. Because of a tremendous reforestation
backlog in Mexico and a shortage of local nursery
stock, some people are advocating growing container
seedlings of Mexican species in the US or Canada.
I hypothesize that seedlings of the same seed source
grown in nurseries with significantly different
environments will respond differently upon outplanting.
This response has been called the nursery effect and
is an example of environmental imprinting in which the
seedlings "remember" the influence of nursery site
conditions or cultural practices. Apparently, these
"memories" can override normal genetic controls, at
least temporarily.
Forest geneticists have written extensively about
genotype X environment interactions and how they
influence early genetic selection, but the nursery
effect is not widely appreciated in the nursery
community. However, nursery imprinting is evident in
day-to-day nursery and reforestation activities.
Foresters who have planted seedlings from the same
seed source that were grown at different nurseries
have noticed differences in survival and growth.
Bareroot nurseries who transplant container or
bareroot seedlings from other nurseries have
observed similar differences. I remember one nursery
trial that I established with fall-sown vs. spring-sown
bareroot seedlings of the same source sown right next
to one another. The fall-sown stock was of course
larger at the end of the first year because it had
germinated earlier. What surprised me was

that the fall-sown seedlings also broke bud
significantly earlier the following year, showing that it
had been imprinted with its response from the l+p
year.
The nursery effect is extremely hard to prove by
experiment, however, because of the complexities in
raising seedlings of exactly the same size, the larger
sample sizes that would be necessary, and the
problems in holding all other variables constant.
Some formal experiments have shown that the
nursery effect does exist and can be quantified in
terms of seedling performance on the outplanting
site. Ying and others (1989) concluded that, although
the differences between nurseries were significant,
the nursery effect is relatively shortterm (15 years).
Another study in Alaska compared container
seedlings from a local nursery vs. ones grown from
the same seed source in Idaho (Zasada and others
1990). The Idaho trees suffered significantly more
animal browsing and frost damage compared to the
local stock. I am not aware of other research trials,
however, probably because the nursery effect on
seedling survival and outplanting is often hard to
separate from the other stresses and complicating
factors.
The nursery effect has some practical and economical implications, especially with seedling
growing contracts:
* Should local growing zones be established? If
so, who is going to do it and how large should they
be?
* Should nurseries be rated by past performance?
How can you separate true environmental imprinting
from just poor culture or fluke weather events?
* What about species differences? Is the response
the same with all species?
Well, there you have it. Is the nursery effect a
legitimate concern or merely the product of another
government bureaucrat with an overactive
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imagination and too much time on his hands? After all,
ornamental nurseries have been growing their stock in
nurseries in just a few selected geographical areas,
including the Pacific Northwest, and then shipping then
across the continent using only the Plant Hardiness
Zones as their guide. Anyway, I'd like to hear from you
and, if there is enough interest, I'll provide some followup in the next issue of FNN.
Source: Ying, C.C.; Thompson, C.; Herring, L. 1989.
Geographic variation, nursery effect, and early
selection in lodgepole pine. Canadian Journal of
Forest Research 19(7): 832-841.
Campbell, R.K.; Sorensen, F.C. 1984. Genetic
implications of nursery practices. IN: Duryea, M.L.;
Landis, T.D. eds. Forest Nursery Manual: Production
of Bareroot Seedlings: 183-191.
Zasada, J.C., Owston, P.W.; Murphy, D. 1990. Field
performance in Southeast Alaska of Sitka spruce
seedlings produced at two nurseries. Research Note
PNW-RN-494. Corvallis, OR: USDA Forest Service,
Pacific Northwest Research Station. 11 p.

Limiting Factors--Water
As we have been discussing in past issues of FNN,
plants need six different "limiting" factors for good
growth. Four are found in the ambient environment (light,
temperature, humidity, and carbon dioxide) and two
(mineral nutrients and water) are supplied from the soil
or growing medium (Figure A). We have covered
everything except water and so, in this issue, we will take
a look at how seedlings use water and how growers
supply it to their crops.

The ecological importance of water is matched by its
physiological importance because almost every process in
plants is directly or indirectly affected by water:
1. Water is a major constituent of plants, composing
80-90 % of fresh weight.
2. Water is the "universal solvent", and the medium for
mineral nutrient transport within the plant.
3. Water is a biochemical reactant in many critical
physiological processes, including photosynthesis (Figure
B).
4. Water is essential for maintaining turgidity in plant cells,
promoting cell expansion and seedling growth.

Biophysics of water in containers

Water is one of the most important growth-limiting

The best way to describe seedling water status is in terms
of water potential because the basic principles and units
remain the same throughout the nursery system. Water is

factors in natural terrestrial ecosystems.

drawn along a water potential gradient that is driven by
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The osmotic potential is the second component of the
growing medium water potential and reflects the
influence of dissolved salts, including fertilizers. The
osmotic potential of the growing medium solution
increases as the soil water content decreases due to
evapotranspiration - a reduction of 50% water content
will approximately double the salinity. Heavy fertilization
produces a significant osmotic potential, which increases
as the medium dries out. When the osmotic potential
becomes significant, fertilizer "burn" results.

Seedling Water Relations
Plant water potential (PWP) also contains two
components: osmotic potential and pressure potential,
which change in relationship to one another as the
seedling loses water from turgidity to the wilting point.
PWP changes in a typical daily pattern, the absolute
value of which depend on soil moisture levels and
atmospheric demand. Nursery managers and foresters
are more familiar with the term plant moisture stress
(PMS). The two terms are identical in absolute value;
PWP is always expressed in negative terms, whereas
PMS is always a positive number (see Monitoring
Seedling Water Use section for sample readings).

evapotranspirational losses: from higher levels in
the growing medium, through the seedling, and into
the lower levels in the atmosphere.
Growing medium water potential is composed of two
parts. The matric potential represents the energy with
which water is held in the pores of the growing
medium. The porosity of the growing medium affects
water availability because seedlings are able to
extract water easier from larger pores than from
smaller ones. Water in containers behaves very
differently than in an unconfined soil. Because of the
air beneath a container, a layer of saturated growing
medium always exists at the bottom (Figure C).
Although the actual thickness of the layer is
determined by the type of growing medium, the
relative depth of this saturated layer is always greater
in shorter containers.
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Water Quality
The definition of water quality is determined by its
intended use. Water that would be entirely suitable
for domestic or industrial purposes can be severely
damaging to plants. For nursery purposes, irrigation
water quality is determined by two factors:
suspended sediments or pests, and dissolved salts.
Suspended sediments - Inorganic materials such
as clay, silt, and even very fine sand particles are
small enough to remain suspended in irrigation
water. Suspended sediments are abrasive and can
quickly wear out water pumps, fertilizer injectors, and
sprinklers. The source of the irrigation water
determines what types of suspended materials it
may contain. Municipal water usually has been
filtered to remove particulate matter, although this
should be checked. Surface water often contains
suspended silt or clay particles, especially after a
heavy rain, and depending on the characteristics

of the aquifer and type of casing, even well water may
contain sand. Organic sediments can be harmless but
pests, such as weed seeds and fungal or algal
spores, are also be suspended in water. Water from
surface sources, especially ponds in agricultural
areas, can contain propagules of potential nursery
pests, which include weed seeds and spores of fungi,
algae, mosses, and liverworts.
Specially-designed filters can remove the larger
waterborne pests including weed seeds, algae, and
some fungal spores, but the cost of the filters
increases as the minimum pore size decreases.
Domestic water sources are normally well-filtered and
so these pests should not be a problem. Chlorination is
the traditional way to eliminate pathogenic fungi,
bacteria, algae, and liverworts in irrigation water.
Dissolved salts - Many different mineral ions can be
dissolved in potential irrigation water, but even
perfectly clear water can contain harmful salts. In
coastal areas, potential nursery sites can have
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groundwater that is contaminated by saltwater
intrusion. Some salt ions, such as the calcium and
magnesium that are found in "hard" water, can be
either troublesome or beneficial depending on their
concentrations. Moderate levels of calcium and
magnesium can be beneficial because they are plant
nutrients and are often difficult to formulate into liquid
fertilizer solutions. Higher concentrations cause
deposits ("scale") on irrigation nozzles and other
surfaces. Other ions, especially boron, can be toxic to
tree crops at concentrations of less than 1 part per
million (Table 1).

Types of Irrigation Systems
Although several types of irrigation are used for other
nursery crops, sprinkler irrigation is still the norm for
the propagation of both bareroot and container stock in
forest and conservation nurseries. A typical sprinkler
irrigation system consists of a pump, pressure tank,
pipes, and sprinkler heads. Fixed rotary sprinklers are
standard in bareroot nurseries and are laid out on a
grid with the irrigation lines running along the paths between the seedbeds. In container nurseries, either
fixed sprinklers or mobile booms are commonly used.
Uniform water application in a fixed sprinkler
irrigation system is determined by five factors:
1. nozzle design and function
2. size of the orifice
3. water pressure at the nozzle
4. spacing and pattern of the heads
5. wind direction and speed.
Because of the centrifugal force caused by the rotary
motion, all fixed sprinkler irrigation systems create water
distribution patterns resembling a "doughnut" (Figure
D). Engineers design irrigation systems to compensate
for this inherent defect by insuring that nozzles have
enough overlap. Irrigation uniformity is measured as the
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coefficient of uniformity and the standard target is
around 85%. Actual irrigation efficiencies are
probably less in actual practice. Most growers tend
to overirrigate because water is inexpensive and
excess water quickly soaks out of sight in bareroot
nurseries. Samples from a container nursery with
a fixed overhead irrigation system, however, show
that irrigation waste can be as high as 80%.
Although they are more expensive, mobile irrigation booms are becoming more common in
container nurseries because they apply water
evenly and only to the propagation areas - not to
the aisles and border areas. Reducing runoff and
possible discharge of fertilizer or pesticide pollutants is becoming a major consideration in irrigation system design. Sampling with boom systems
have shown them to be significantly better in water
distribution and runoff compared to fixed irrigation.
Most nurseries control irrigation duration with a
time clock which regulates a series of solenoid
valves that turn the water on and off in each
irrigation line or zone. These controllers can be
programmed to time the duration of irrigation in

each zone, which allows the irrigator to
adjust the amount of water applied to
the demands of each crop. Controllers
make irrigation at night and on
weekends possible, but have the
disadvantage that the same amount of
water is applied each time regardless
of climate or crop condition.
Fully-controlled container nurseries
use environmental computers with
"on-demand" control systems to
regulate irrigation by monitoring
accumulated light, vapor pressure
deficit, or evaporative demand. While
these new computer systems offer new
possibilities, personal monitoring of
irrigation is still recommended.
Irrigation is such a critical part of
nursery culture and seedling water use
can change so rapidly that reliance on
a fully-automated control system is not
advised without regular supervision.

Monitoring Seedling Water Use
Growers can monitor water in the soil or growing
medium, and in the seedlings themselves. Irrigators in bareroot nurseries generally rely on the
feel or appearance of the soil, the weather, and
seedling vigor to determine water requirements.
Tensiometers or gypsum blocks are sometimes
installed at permanent locations within the seedbed to give the grower an indication of soil
moisture conditions. There is just no surefire way
to accurately monitor soil moisture levels in
bareroot nurseries, however, but experienced
irrigators are able to keep soils in the ideal moisture range without too much trouble.
Container growers have a few more options,
although the typical small capacity containers

provide seedlings with minimal water reserves.
Measuring container weight is the most popular and
practical way to monitor seedling water use. The
basic principle is simple - because water is a
significant component of container weight,
monitoring the weight change of sample containers
provides a nondestructive way to measure water
loss. The only piece of equipment needed is an
accurate scale that can be moved through the
productions areas to weigh the sample containers.
Although weights vary with many factors and have
to be adjusted for seedling size, growers construct
easy-to-use tables of irrigation weights as a
percentage of their wet weight.
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Plant water potential readings are the most accurate
way to monitor seedling water status and predawn
readings with a pressure chamber give the most useful
information (Figure E). Pressure chambers can be used
during the growing season to schedule irrigation, as well
as during the hardening phase to monitor induced
moisture stress (Table 2). In bareroot nurseries,
pressure chambers are also sometimes used during dry
periods in the lifting season to determine when
supplemental irrigation is required.
Water has such an overriding importance to seedling
culture that growers must know the quality of their
irrigation sources and carefully manage the amount of
irrigation that they supply to their crops. The proper
amount of irrigation is becoming a political as well as a
biological concern as the question of what happens to
nursery runoff comes under increasing scrutiny.
References:
Cleary, B.D.; Greaves, R.D.; Owston, P.W. 1978.
Seedlings. In: Cleary, B.D.; Greaves, R.D.; Hermann,
R.K. eds. Regenerating Oregon's Forests: a guide for
the regeneration forester.
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Editorial
Copping An Attitude
I have been intending to write an editorial for some time on the importance of having a good attitude. Now, I don't have to,
because the following cartoon just about says it all:

Horticultural Humor

January 1994 * Forest Nursery Notes * 27

28 * Forest Nursery Notes * January 1994

New Nursery Literature
Please obtain these articles from your local forestry library or literature service if at all possible. Numbered articles can also be
ordered directly, using the Literature Order Form on the last page - just circle the appropriate number and return the form to me.
These free copies are a technology-transfer service of USDA Forest Service, State and Private Forestry. Items bordered with
asterisks are copyrighted and require a fee for each copy, so you will only be sent the title page and abstract. If you desire the
entire article, follow the ordering instructions that follow the abstract.
Special Order (S) articles or publications must be ordered directly from the publisher. Prices and ordering instructions follow
each listing.

Bareroot Production
1.

2.

Covariances between morphological characteristics
in bareroot Pinus sylvesfris nursery stock.
Jalkanen, A. Scandinavian Journal of Forest Research
8(4):540-549. 1993.
Variability of morphological characteristics in
bareroot Pinus sylvesfris nursery stock. Jalkanen,
A.; Rikala, R.; Smolander, H. Scandinavian Journal of
Forest Research 7(1): 83-97. 1992.

Business Management
3.

The computer connection: software packages for
growers, landscapers and garden center
operators. Schafer, R. American Nurseryman
178(1):69-70, 72, 74, 76,78, 80, 82, 84, 86, 87. 1993.

4.

Contract growing: the benefits and the
drawbacks. Garbisch, E. Wetland Journal 5(2):17,
20. 1993.

5.

Control by code. Moller- Seiler, L.; Higginbotham, J.
S. American Nurseryman 178(1):89-94, 96-98. 1993.
How a West Coast grower uses bar code scanners to

6.

Family and medical leave. Gorman, R. American
Nurseryman 178(8):90-92, 94-99. 1993.

7.

Maximize your meetings. Kehoe, K. R. American
Nurseryman 178(10):64-66, 6869. 1993.

8.

The price is right? Consider your competition,
expenses when valuating your merchandise.
Brumfield, R. G. Greenhouse Manager 12(5):94-97.
1993.

9.

Pricing for profit. Barton, S. S. American
Nurseryman 178(1):124-129. 1993.

10.

Think about it: how would you like to live next to
your greenhouses? Bartok, J. W. , Jr. Greenhouse
Manager 12(9):83. 1993. Consideration of visual
appearance, traffic, noise, lighting, odor, runoff, and
safety will make for more pleasant neighborhood
relationships.

11.

Working with a safety net. Becker, T. B. American
Nurseryman 178(8):56-63. 1993.

improve and simplify inventory control.
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Container Production
12.

Calculating filled and empty cells based on
number of seeds sown per cell: a microcomputer
application. Wenny, D. L. Tree Planters' Notes
44(2):49-52. 1993.

13.

Computers may help you determine your ideal
greenhouse environment. Bartok, J. W. ,Jr.
Greenhouse Manager 12(4):139. 1993.

14.

Cupric hydroxide-treated containers affect growth
and flowering of annual and perennial bedding
plants. Arnold, M. A.; Airhart, D. L.; Davis, W. E.
Journal of Environmental Horticulture 11(3):106-110.
1993.

15.

Germination math: calculating the number of seeds
necessary per cavity for a given number of live
seedlings. Schwartz, M. Tree Planters' Notes
44(1):19-20. 1993.

16.

How we achieve better roots with coated
containers. Appleton, B. L. Nursery Manager
9(7):90-92. 1993.

17.

18.

Nursery production alternatives for reduction or
elimination of circling tree roots. Appleton, B. L.
Journal of Arboriculture 19(6):383-388. 1993.
Discusses in-ground fabric, rigid plastic and
"pot-in-pot" containers, low-profile, soil sock and
copper-treated containers.
Root distribution and mineral uptake of
coarse-rooted trees grown in cupric hydroxide-treated containers. Arnold, M. A Struve, D.
K. HortScience 28(10):988-992. 1993.
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Diverse Species
19.

Field stratification of antelope bitterbrush seeds.
Young, J. A.; Wight, J. R.; Mowbray, J. E. Journal of
Range Management 46:325-330. 1993.

20.

Seed dormancy in the Colorado Plateau shrub
Mahonia fremontii (Berberidaceae) and its
ecological and evolutionary implications. Baskin, C.
C.; Baskin, J. M.; Meyer, S. E. Southwestern Naturalist
38(2):91-99. 1993.

21.

Seeding month and seed soaking affect
buffalograss establishment. Fry, J.; Upham,
W.; Leuthold, L. HortScience 28(9):902-903.
1993.

22.

Stratification improves seed germination of five
native wildflower species. Bratcher, C. B.; Dole, J. M.;
Cole, J. C. HortScience 28(9):899-901. 1993.

Fertilization and Nutrition
23.

The amelioration of Pinus patula mortality on
former agricultural sites through fertilisation: a
bioassay and greenhouse study. Noble, A. D.;
Schumann, A. W. South African Forestry Journal
164:35-41. 1993.

24.

Composted turkey, litter: 11. Effect on plant growth.
Tyler, H. H.; Warren, S. L.; Bilderback, T. E.; Perry, K.
B. Journal of Environmental Horticulture 11(3):137-141.
1993.

25.

Controlled-release fertilizers affect nitrate
nitrogen runoff from container plants.
Yeager, T.; Cashion, G. 1-lortTechnology
3(2):174-177. 1993.

26.

Fertilization affects growth and incidence of grey
mold on container-grown giant sequoia. Vancon,
S. Tree Planters' Notes 44(2):68-72. 1993.

*27*

Growth and nutrition of birch seedlings in relation
to potassium supply rate. Ericsson, T.; Kahr, M.
Trees: Structure and Function 7:78-85. 1993.

28.

29.

30.

*31 *

*32*

33.

Influence of gel additives on nitrate, ammonium,
and water retention and tomato growth in a
soilless medium. Bres, W.; Weston, L. A.
HortScience 28(10):10051007. 1993.
Nitrate loading to the soil profile underlying two
containerized nursery crops supplied controlled
release fertilizer. Brand, M. H.; McAvoy, R. J.;
Corbett, E. G. Journal of Environmental Horticulture
11(2):82-85. 1993.
Prevent greenhouse crop problems before they
happen with tissue tests. Erwin, J. Greenhouse
Manager 12(7):113-114. 1993.
Relationship of the ratio of chlorophyll a to
chlorophyll b and Douglas-fir seedling nutrient
status. Bracher, G. A.; Murtha, P. A. Canadian
Journal of Forest Research 23(8):1655- 1662. 1993.
Relationships between stem structure and
bending strength in Pinus radiate seedlings.
Downes, G. M.; Turvey, N. D. Trees: Structure and
Function 7:86-91. 1993.
Response of four ornamental shrubs to container
substrate amended with two sources of raw
paper mill sludge. Chong, C.; Cline, R. A.

34.

Soil, plant and water analysis. Dawson, J.
American Nurseryman 178(10): SO-53. 1993. An
accurate assessment of your plants' growing
conditions begins with good samples.

35.

Understanding slow release fertilizers. Barnett, C.
The Digger 37(7):29-31. 1993.

General and Miscellaneous
36.

AgTiIPS: a customized voice-mail system for
delivering lawn, garden, and horticulture
information to the public. Legg, D. E.; Davis, R. L.;
Buk, J. P. HortTechnology 3(2):245-248. 1993.

37.

At the mercy of the weather. Polien, N. Greenhouse
Grower 11(5):38-39. 1993. Software programs and
services that offer weather forecasts can help you be
prepared for whatever Mother Nature may have in
store.

38.

The Conservation Reserve Program: status, future,
and policy options. Osborn, T. Journal of Soil and
Water Conservation 48(4):271-279. 1993.

39.

Dry erase boards - an excellent screen for slide
presentations. Costello, L. R. HortTechnology
3(2):253. 1993.

40.

Ecology, environmentalism and green religion.
Kimmins, J. P. Forestry Chronicle 69(3):285-289. 1993.

41.

An experimental design for outplanting nursery
trials on heterogeneous sites. South, D. B.;
Foster, G. S. South African Forestry Journal
165:41-45. 1993.

HortScience 28(8):807-809. 1993.
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42.

The future use and development of expert system
technology in horticulture. Crassweller, R. M.;
Travis, J. W.; Heinemann, P. H.; Rajotte, E. G.
HortTechnology 3(2):203-205. 1993.

*50*

*43*

A mufti-attribute preference model for evaluating
the reforestation chain alternatives of a forest
stand. Kangas, J. Forest Ecology and Management
59(3-4):271-288. 1993.

*51 * Growth and phenology of 1 year-old maritime pine
(Pinus pinaster) seedlings under continuous light:
implications for early selection. Lascoux, D. M.;
Kremer, A.; Dormling, I. Canadian Journal of Forest
Research 23(7):1325-1336. 1993.

*44*

Repeated measures in randomized block
and split plot experiments. Gumpertz, M.
L.; Brownie, C. Canadian Journal of Forest
Research 23(4):625-639. 1993.

45.

Speaking through translators. Grierson, B.
HortTechnology 3(2):253-254. 1993.

46.

Using a computer spreadsheet and compiler to
extend growth models to greenhouse growers.
Wulster, G. J. HortTechnology 3(2):230-233. 1993.

Genetics and Tree Improvement
*47*

Early selection of black spruce using
physiological and morphological criteria. Sulzer,
A. M.; Greenwood, M. S.; Livingston, W. H. Canadian
Journal of Forest Research 23(4):657- 664. 1993.

*48*

Family composition of Douglas-fir nursery stock as
influenced by seed characters, mortality, and culling
practices. St. Clair, J. B.; Adams, W. T. New Forests
7(4):319329. 1993.

*49*

Genetic control of bud phenology in pole-size trees
and seedlings of coastal Douglas-fir. Li, P.; Adams, W.
T. Canadian Journal of Forest Research
23(6):1043-1051. 1993.

Geographic variation ofgrand fcr (Abies grandis) in
the Pacific coast region: 10year results from a
provenance trial. Xie, C. Y.; Ying, C. C. Canadian
Journal of Forest Research 23(6):1065-1072. 1993.

*52*

Realized gains from breeding Pinus pinaster.
Butcher, T. B.; Hopkins, E. R. Forest Ecology and
Management 58(34):211-231. 1993.

*53*

Relationships among seed weight components,
seedling growth traits, and predicted field breeding
values in slash pine. Surles, S. E.; White, T. L.; Hodge,
G. R.; Duryea, M. L. Canadian Journal of Forest
Research 23(8):1550-1556. 1993.

54.

Thirty-seven year performance of loblolly pine
seed sources in eastern Maryland. Schmidtling, R.
C.; Froelich, R. C. Forest Science 39(4):706-721.
1993.

Mycorrhizae and Beneficial
Microorganisms
*55*

The ability of 16 ectomycorrhizal fungi to increase
growth and phosphorus uptake of Eucalyptus
globulus Labill. and E. diversicolor F. Muell. Burgess,
T. L; Malajczuk, N.; Grove, T. S. Plant and Soil
153(2):155-164. 1993.

*56*

Application of endomycorrhizae to commercial
production of Rhododendron microplants.
Lemoine, M. C.; Gianinazzi, S.; Gianinazzi-Pearson,
V. Agronomie 12(10):881-885. 1992.
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*57*

Avian dispersal of Frankia. Paschke, M. W.;
Dawson, J. O. Canadian Journal of Botany
71(8):1138-1131. 1993. Some bird species can
transport Frankia, possibly by moving soil for nest
building and also by other unknown mechanisms.

*58*

Comparisons of vesicular-arbuscular mycorrhizal
species and inocula formulations in a commercial
nursery and on diverse Florida beaches. Sylvia, D.
M.; Jarstfer, A. G.; Vosatka, M. Biology and Fertility of
Soils 16(2):139-144. 1993.

*59*

60.

Ectomycorrhizae and growth of Douglas-fir
seedlings preinoculated with Rhizopogon vinicolor
and outplanted on eastern Vancouver Island.
Berch, S. M.; Roth, A. L. Canadian Journal of Forest
Research 23(8):1711-1715. 1993.
Effect of drought on Picea sitchensis seedlings
inoculated with mycorrhizal fungi. Lehto, T.
Scandinavian Journal of Forest Research
7(2):177-182. 1992.

*61 * Effects of Frankia on field performance of Alnus
clones and seedlings. Hendrickson, O. Q.; Burgess, D.;
Perinet, P.; Tremblay, F.; Chatatpaul, L. Plant and Soil
150(2):295-302. 1993.
*62*

*63*

Growth and nutrition of nonmycorrhizal and
mycorrhizal pitch pine (Pinus rigida) seedlings under
phosphorus limitation. Gumming, J. R. Tree Physiology
13(2):173187. 1993.
Interactions between mycorrhizae and diseases
caused by soil-borne fungi. Perrin, R. Soil Use
and Management 6(4):189- 195. 1990.

64.

Nitrogen and phosphorus nutrition affects the
growth parameters and mycorrhizal symbiosis of
northern red oak seedlings. Reber, R. T.; Pope, P. E.
IN: Biennial southern silvicultural research conference,
proceedings, 7th, p.343-350. USDA Forest Service,
Southern Forest Experiment Station, General Technical
Report 93. 1993.

*65*

Nitrogen translocation between Alnus glutinosa (L.)
Gaertn. seedlings inoculated with Frankia sp. and
Pinus contorta Doug. ex Loud seedlings connected
by a common ectomycorrhizal mycelium. Arnebrant,
K.; Ek, H.; Finlay, R. D.; Soderstrom, B. New Phytologist
124(2):231-242. 1993.

*66*

Solar irradiance and the development of
endomycorrhizal green ash seedlings. Borges, R. G.;
Chaney, W. R. Tree Physiology 13(3):227-238. 1993.

*67*

Temporal dynamics of ectomycorrhizal populations
and seedling characteristics on red pine (Pinus
resinosa). Wu, Y.; Gale, M. R.; Cattelino, P. J.; Richter,
D. L.; Bruhn, J. N. Canadian Journal of Forest Research
23(5):810-815. 1993.

68.

Vesicular-arbuscular mycorrhizae of western
redcedar in container nurseries and on field sites
after slash burning. Berch, S. M.; Deom, E.; Roth, A.;
Beese, W. J. Tree Planters' Notes 44(1):33-37. 1993.

SO.

Effects of mycorrhizal fungi on quality of nursery
stock and plantation performance in the southern
interior of British Columbia. Hunt, G. A. British
Columbia Ministry of Forests and Forestry Canada,
FRDA Report 185. 12 p. 1992. ORDER FROM: Forestry
Canada, Pacific Forestry Centre, 506 West Burnside
Road, Victoria, BC V8Z 1 MS Canada. Free.
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Nursery Structures and Equipment
69.

Characterization of microclimate in mist and
non-mist propagation systems. Newton, A. C.;
Jones, A. C. Journal of Horticultural Science
68(3):421-430. 1993.

70.

Cooling without fans. Bartok, J. W., Jr.
Greenhouse Grower 11(8):37-38. 1993.

71.

How to select the right fan and install it
properly. Bartok, J., Jr. Greenhouse Grower
11(4):20-21, 23. 1993.

72.

A look at: flat fillers, potting units. Roskens, L.
Greenhouse Manager 12(8):91-94. 1993.

73.

A look at: greenhouse lighting. Mustard, R.
Greenhouse Manager 12(9):70-76. 1993.

74.

A look at: infrared heating systems. Greenhouse
Manager 12(5):92-93. 1993.

*75 *

Measurement of seedling growth rate by machine
vision. Howarth, M. S.; Stanwood, P. C. Transactions
of the American Society of Agricultural Engineers
36(3):959-963. 1993.

76.

NGMA adopts new standards for insect
screening. Gray, H. Greenhouse Grower
11(9):115-116. 1993.

77.

Portable soil moisture meters. Faber, B.;
Downer, J.; Yates, L. HortTechnology
3(2):195-197. 1993.

78.

Pull the shade on rising energy costs. South, L.
Greenhouse Grower 11(4):25, 2728. 1993. Using an
automatic, computer-controlled system that blows
polystyrene pellets between double layers of glazing.

79.

Seedling counter field tests. Gasvoda, D.;
Herzberg, D. Tree Planters' Notes 44(1):812. 1993.
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80.

Testing furnace or boiler efficiency can help minimize
your energy costs. Bartok, J. W., Jr. Greenhouse
Manager 12(5):116- 117. 1993.

SO.

Refrigeration and controlled atmosphere storage
for horticultural crops. Bartsch, J. A.; Blanpied, G. D.
Northeast Regional Agricultural Engineering Service,
NRAES22. 44 p. 1990. ORDER FROM: Northeast
Regional Agricultural Engineering Service, 152
Riley-Robb Hall, Cooperative Extension, Ithaca, NY
14853. Price: $7.00.

Outplanting Performance
81.

Covariate analysis of northern red oak seedling
growth. Kaczmarek, D. J.; Pope, P. E. IN: Biennial
southern silvicultural research conference, proceedings,
7th, p.351-356. USDA Forest Service, Southern Forest
Experiment Station, General Technical Report 93. 1993.

82.

Cultural, environmental, and genetic factors
interact to affect performance of planted
shortleafpine. Hallgren, S. W.; Tauer, C.
G.; Weeks, D. L. Forest Science 39(3):478
498. 1993.

83.

Effect of root form on 10 year survival and
growth of planted Douglas-fir trees.
Haase, D. L.; Batdorff, J. H.; Rose, R. Tree
Planters' Notes 44(2):53-57. 1993.

*84*

Field survival and early height growth of Douglas-fir
rooted cuttings: relationship to stem diameter and
root system quality. Ritchie, G. A.; Tanaka, Y.; Meade,
R.; Duke, S. D. Forest Ecology and Management
60:237-256. 1993.

*85*

Growth and root morphology of planted and
naturally- regenerated Douglas fir and lodgepole
pine. Halter, M. R.; Chanway, C.P. Annales des
Sciences Forestieres 50( I ):71-77. 1993.

91.

Performance of northern red oak planting stock.
Zaczek, J. J.; Steiner, K. C.; Bowersox, T. W.
Northern Journal of Applied Forestry 10(3):105-111.
1993.

86.

Hackberry seed sources for planting in the
southern Great Plains. Anderson, S.; Tauer, C. G.
Tree Planters' Notes 44(2): 7882. 1993.

92.

Polymer root dip increases survival of stressed
bareroot seedlings. Alm, A.; Stanton, J. Northern
Journal of Applied Forestry 10(2):90-92. 1993.

87.

Handling and planting methods influence field
performance of red pine ten years after planting.
Paterson, J. M. Forestry Chronicle 69(5):589-593.
1993.

93.

Top pruning improves field performance of blue
oak seedlings. McCreary, D.; Tecklin, J. Tree
Planters' Notes 44(2):73-77. 1993.

94.
88.

Integration of nursery practices with site
preparation. Schrock, P. D.; South, D. B.; Mitchell, R.
J. IN: Biennial southern silvicultural research
conference, proceedings, 7th, p.307-315. USDA
Forest Service, Southern Forest Experiment Station,
General Technical Report 93. 1993. There may be
opportunities to reduce regeneration costs by using
better seedlings rather than applying a high level of
site preparation and using marginal seedlings.

Treeshelters for nursery plants may increase
growth, be cost effective. Svihra, P.; Burger, D. W.;
Harris, R. California Agriculture 47(4):13-16. 1993.

95.

Trials of mixed-conifer plantings for increasing
diversity in the lodgepole pine types. Cole, D. M.
USDA Forest Service, Intermountain Research
Station, Research Note INT-412.9 p. 1993.

89.

90.

Jack pine establishment in Ontario: 5 –year
comparison of stock types + bracke scarification,
mounding, and chemical site preparation. Sutton,
R. F.; Weldon, T. P. Forestry Chronicle 69(5):545-553.
1993.
Lifting date and storage duration affect root
growth potential and field survival of shortleaf
pine seedlings. Brissette, J. C.; Barnett, J. P. IN:
Biennial southern silvicultural research conference,
proceedings, 7th, p.263-268. USDA Forest Service,
Southern Forest Experiment Station, General Technical Report 93. 1993.

Pest Management
*96* Acceptability of thiram-treated conifers to
snowshoe bares. Rangen. S. A.; Hawley, A. W. L.;
Hudson, R. Canadian Journal of Forest Research
23(7):1314-1320. 1993.
97.

The best way to manage diseases: be sure to start
clean and stay clean. Chase, A. R. Greenhouse
Manager 12(6):135-137. 1993.

*98* Binucleate
Rhizoctonia
isolates
control
damping-off caused by Pythium ultimum var.
sporangiiferum, and promote growth, in
Capsicum and Celosia seedlings in pasteurized
potting medium. Harris, A. R.; Schisler, D. A.; Ryder,
M. H. Sooil Biology and Biochemicstry 25(7):909-914.
1993.
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*99*

Biocontrol of Botrytis cinerea in strawberry leaves.
Sutton, J. C.; Peng, G. Phytopathology 83(6):615-621.
1993.

*100* Biological control ofPythium induced damping-off
of beetroot (Beta vulgaris) in the glasshouses.
Dodd, S. L.; Stewart, A. New Zealand Journal of Crop
and Horticultural Science 20(4):421-426. 1992.
10 1. Conifer seedling root fungi and root dieback in
Finnish nurseries. Lilja, A.; Lilja, S.; Poteri,
M.; Ziren, L. Scandinavian Journal of Forest
Research 7(4):547-556. 1992.
102.

Consider fungus gnat control early in your
crop production programs. Lindquist, R K.
Greenhouse Manager 12(4):133-135. 1993.

* 103 * Current status of biological control of soil-borne
diseases. Campbell, R. Soil Use and Management
6(4):173-178. 1990.
104.

105.

Decision making for wildlife damage management.
Slate, D.; Owens, R.; Connolly, G.; Simmons, G. North
American Wildlife and Natural Resources Conference,
transactions, 1992, 57:51-62. 1993.
Dimethoate controls cone maggots in tamarack
seed orchards. Sweeney, J.; Tosh, K.; MacKinnon, W.
Forestry Canada - Maritimes Region, Technical Note
284. 6 p. 1993.

* 106* Dispersal of Phytophthora cinnamomi through
lateritic soil by laterally flowing subsurface water.
Kinal, J.; Shearer, B. L.; Fairman, R. G. Plant Disease
77(11):10851090. 1993.

108.

Dwarfing of bareroot western larch seedlings, USDA
Forest Service Nursery, Coeur d'Alene, Idaho.
James, R. L. USDA Forest Service, Northern Region,
Report 917. 14 p. 1991.

* 109* The effect of late season damage on the apical bud
development of Scots pine seedlings. Kyto, M. New
Forests 7(3): 275286. 1993.
110.

First report of Sirococcus con igenus seedborne in
Norway spruce. Motta, E.; Annesi, T.; Forti, E. Plant
Disease 77(11): 1169. 1993.

111.

The first step to eliminating root rot: you must make
a proper diagnosis. Chase, A. R. Greenhouse
Manager 12(9):82. 1993.

* 112* Foliar blight and root rot of containergrowth giant
redwood caused by Phytophthora citrophythora.
Sandlin, C. M. Plant Disease 77(6):591-594. 1993.
113.

Gnatrol: the high-efficiency, low-risk alternative.
Abbott Laboratories. Greenhouse Grower 11(5):67-70.
1993. A biological larvicide for fungus gnats.

114.

Guide for diagnosing plant problems. Carlson, W.
Greenhouse Grower 11(4):1617, 19. 1993.

115.

Have you thought about biological whitefly control?
Pesticide alternatives can save you money. Heinz, K.
M.; Parrella, M. P. Greenhouse Manager 12(5):62,64-66,
69. 1993.

* 116* Host plant traits associated with resistance of
ponderosa pine to the sawfly, Neodiprion fulviceps.
Wagner, M. R.; Zhang, Z. Y. Canadian Journal of Forest
Research 23(5):839-845. 1993.

107.

Don't overlook horticultural oils; they give control
with minimal risk. Robb, K. Greenhouse Manager
12(9):81. 1993.
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* 117* Identification of Phytophthora nicotianae on the
aerial portion of eucalypt seedlings. Belisario, A.
European Journal of Forest Pathology 23(2):85-91.
1993.

* 126* Rapid methods for diagnosis of soil-borne plant
pathogens. Fox, R. T. V. Soil Use and Management
6(4):179-184. 1990.
127.

118.

119.

120.

IPM reduces pesticide use in the nursery. Flint, M.
L.; Dreistadt, S. H.; Zagory, E. M.; Rosetta, R.
California Agriculture 47(4):4-7. 1993. Complete
control of pests is not required to sell certain plants, as
customers ignored or did not recognize some types of
pest damage.
Knowledge and integrated control can help avoid
botrytis outbreaks. Barnes, L. W. Greenhouse
Manager 12(8):101. 1993.

* 128* Response of Siberian elm to inoculations with
Sphaeropsis ulmicola. Krupinsky, J. M.;
Cunningham, R. A. Plant Disease 77(7):678-681.
1993.
129.

Seedling production trends and fusiform rust
control practices at southern nurseries,
1981-1991. Carey, W. A.; Kelley, W. D. Southern
Journal of Applied Forestry 17(4):207-211. 1993.

130.

Sonic deterrents in animal damage control: a
review of device tests and effectiveness.
Bomford, M.; O'Brien, P. H. Wildlife Society Bulletin
18(4):411-422. 1990. Tests indicate that devices
producing noise provide, at best, short term damage
reduction.

131.

Take a look at horticultural oils. King, A. I.
Greenhouse Grower 11(10):36, 39-40. 1993.

Learn the how-to basics of screening for your
insect exclusion program. Robb, K. Greenhouse
Manager 12(7):116-117. 1993.

121.

Lygus bugs cause latent bud disorders in Pinus
sylvestris L. seedlings. Kyto, M. Scandinavian
Journal of Forest Research 7(1):121-127. 1992.

122.

Making greater use of introduced microor
ganisms for biological control of plant
pathogens. Cook, R. J. Annual Review of
Phytopathology 31:53-80. 1993.

123.

Methyl bromide - we can learn to live without it!
Lantz, C. W. Tree Planters' Notes 44(1):3-4. 1993.

124.

Nematodes: lethal weapons, too. Greene, I. D.;
Parrella, M. P. Greenhouse Grower 11(5):77-81. 1993.
Nematodes are gaining attention for control of western
flower thrips.

*125* Palatability of Anispray-treated white spruce to
snowshoe bares. Rangen, S. A.; Hawley, A. W. L.;
Hudson, R. J. Canadian Journal of Forest Research
23(7):13211324. 1993.

Research and management strategies for
major tree diseases in Canada: synthesis, part
2. Singh, P. Forestry Chronicle 69(3):314-322.
1993.

132. Taylorilygus pallidulus (Blanchard): a
potential pest of pine seedlings. South, D.
B.; Zwolinski, J. B.; Bryan, H. W. Tree
Planters' Notes 44(2):63-67. 1993.
133. Timing and number of applications of
triadimefon (Bayleton) needed for control
of cedar leaf blight on western red cedar at
Humboldt Nursery. Frankel, S.; Nelson, J.
USDA Forest Service, Pacific Southwest
Region, Report R91-O l . 4 p. 1991.
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134.

Toxin production by Fusarium solani causing
Eucalyptus wilt. Kumar, A.; Nath, V. Indian
Forester 119(4):306-309. 1993.

* 135 * Use of filtration for removal of conidia of
Penicillium expansum from water in pome fruit
packinghouses. Spotts, R. A.; Cervantes, L. A.
Plant Disease 77(8):828830. 1993.
136.

Using a Phytophthora-specific immunoassay
kit to diagnose raspberry Phytophthora root
rot. Ellis, M. A.; Miller, S. A. HortScience
28(6):642-644. 1993.

137.

Wash those whiteflies away. Mulholland, N. A.
Greenhouse Grower 11(3):54-55. 1993.

Pesticides
* 138* Determination of buffer zones to protect
seedlings of non- target plants from the effects
of glyphosate spray drift. Marrs, R.H.; Frost, A.
J.; Plant, R. A.; Lunnis, P. Agriculture, Ecosystems
and Environment 45(3-4):283-293. 1993.
139.

Dressing for success around chemicals. Batts,
J. Nursery Manager 9(7):38-44. 1993.

140.

Understanding pesticide toxicity. Clink, J.;
Harem, P. American Christmas Tree Journal
37(3):33-35. 1993.

Seedling Harvesting and Storage
141.

142.

Effect of cold storage on bud break, root
regeneration and shoot extension of
Douglas-fir, paper birch and green ash. Harris,
J. R.; Bassuk, N. L.; Whitlow, T. H. Journal of
Environmental Horticulture 11(3):119-123. 1993.
Mobile tree seedling coolers. Herzberg, D. Tree
Planters' Notes 44(1):16-18. 1993.

38 * Forest Nursery Notes * January 1994

143.

Pinus radiata seedling water potential and root
and shoot growth as affected by type and
duration of storage. Balneaves, J. M.; Menzies,
M. L; Hong, S. O. New Zealand Journal of Forestry
Science 22(1):24-31. 1992.

Seedling Physiology and
Morphology
* 144* Anaerobic and aerobic C02 efflux rates from
boreal forest conifer roots at low temperatures.
Conlin, T. S. S.; Lieffers, V.J. Canadian Journal of
Forest Research 23(5):767-771. 1993.
* 145 * Assessing cold tolerance in Picea using
chlorophyll fluorescence. Adams, G. T.; Perkins,
T. D. Environmental and Experimental Botany
33(3):377-382. 1993.

* 146* Bud development in coastal Douglas-fir
seedlings under controlled-environment
conditions. MacDonald, J. E.; Owens, J. N.
Canadian Journal of Forest Research
23(6):1203-1212. 1993.
* 147* Cold acclimation of Pinus contorta and Pinus
sylvesfris assessed by chlorophyll
fluorescence. Lindgren, K.; Hallgren, J. E. Tree
Physiology 13(1):97-106. 1993.
148.

Cold acclimation of Pinus sylvesfris and Pinus
contorta provenances as measured by freezing
tolerance of detached needles. Lindgren, K.;
Nilsson, J. E. Scandinavian Journal of Forest
Research 7(3):309-315. 1992.

* 149* Control of pressure-chamber and
rehydration-time effects on pressure -volume
determination of water-relation parameters.
Zine El Abidine, A.; Bernier-Cardou, M.; Bernier, P.
Y.; Plamondon, A.P. Canadian Journal of Botany
71(8):1009-1015. 1993.

* 150* Curly needle syndrome of loblolly pine
seedlings. Stone, D. M. Canadian Journal of
Forest Research 23(9):1810-1814. 1993
*151* Dormancy release in beech buds (Fagus
sydvatica) requires both chilling and long days.
Heide, O. M. Physiologia Plantarum 89(1):187-191.
1993.
*152* Effect ofphosphorus fertilization on water
stress in Douglas fir seedlings during soil
drying. Dosskey, M. G.; Boersma, L.; Linderman,
R. G. Plant and Soil 150(1):33-39. 1993.
*153* Effects of ammonium and nitrate on nutrient
uptake and activity of nitrogen assimilating
enzymes in western hemlock. Knoepp, J. D.;
Turner, D. P.; Tingey, D. T Forest Ecology and
Management 59(34):179-191. 1993.
154. Effects of nutritional factors on frost hardening
in Larix leptolepis (Sieb & Zucc.) Gord. Hansen,
J. M. Scandinavian Journal of Forest Research
7(2):183-192. 1992.
*155* Free amino acids and protein in Scots pine
seedlings cultivated at different nutrient
availabilities. Gezelius, K.; Nasholm, T. Tree
Physiology 13(1):71-86. 1993.
*156* Freezing stress tolerance of hardy and tender
families of loblolly pine. Hodge, G. R.; Weir, R. J.
Canadian Journal of Forest Research
23(9):1892-1899. 1993.
157. Frost hardiness of dormant Salix shoots. von
Fircks, H. A. Scandinavian Journal of Forest

*158* Growth and ecophysiodogical responses of
black spruce seedlings to elevated C02 under
varied water and nutrient additions. Johnsen, K.
H. Canadian Journal of Forest Research
23(6):1033-1042. 1993.
* 159* Growth of Eucalyptus marginata (Jarrah)
seedlings in a greenhouse in response to
shade and soil temperature. Stoneman, G. L.;
Dell, B. Tree Physiology 13(3):239-252. 1993.
160.

How to identify bud initiation and count needle
primordia in first year spruce seedlings.
Templeton, C. W. G.; Odlum, K.D.; Colombo, S. J.
Forestry Chronicle 69(4):431-437. 1993.

* 161 * Indole-3-butyric acid in plants: occurrence,
synthesis, metabolism and transport. Epstein,
E.; Ludwig-Muller, J. Physiologic Plantarum
88(2):382-389. 1993.
*162* Influence of photoperiod and temperature on
frost hardiness and free amino acid
concentrations in black spruce seedlings.
Odlum, K. D.; Blake, T. J.; Kim, Y. T.; Glerum, C.
Tree Physiology 13(3):275-282. 1993.
*163* The kinetics of NH4+ and N03- uptake by
Douglas fir from single N-solutions and from
solutions containing both NH4+ and N03-.
Kamminga-van Wijk, C.; Prins, H. B. A. Plant and
Soil 151(1):91-96. 1993.
* 164* Mefluidide-induced drought resistance in
seedlings of three conifer species. Silim, S. N.;
Guy, R. D.; Lavender, D. P. Canadian Journal of
Botany 71(8):1987-1092. 1993.

Research 7(3):317-323. 1992.
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* 165 * Moderate water stress alters carbohydrate
content and cold tolerance of red spruce
foliage. Amundson, R. G.; Kohut, R. J.; Lawrence,
J. A.; Fellows, S.; Colavito, L. J. Environmental and
Experimental Botany 33(3):383-390. 1993.
166.

Nitrogen supply during greenhouse transplant
production affects subsequent tomato root
growth in the field. Liptay, A.; Nicholls, S. Journal
of the American Society for Horticultural Science
118(3):339342. 1993.

172.

Selection of salt-tolerant clones of Eucalyp. tus
camaldulensis Dehn. Heth, D.; MacRae, S. South
African Forestry Journal 164:21-26. 1993.

173.

Soil moisture stress induces transplant shock
in stored and unstored 2+0 Douglas fir
seedlings of varying root volumes. Haase, D. L.;
Rose, R. Forest Science 39(2):275-294. 1993.

174.

Sucrose metabolism and growth in transplanted loblolly pine seedlings. Sung, S. J. S.;
Black, C. C.; Kormanik, P. P. IN: Biennial southern
silvicultural. research conference, proceedings,
7th, p.369-375. USDA Forest Service, Southern
Forest Experiment Station, General Technical
Report 93. 1993.

175.

Using fractal geometry to quantify loblolly pine
seedling root system architecture. Diebel, K. E.;
Feret, P. P. Southern Journal of Applied Forestry
17(3):130-134. 1993.

* 167* Photoperiod and night frost influence the frost
hardiness of Chamaecyparis nootkatensis
clones. Hawkins, B. J. Canadian Journal of Forest
Research 23(7):14081414. 1993.
*168* Photosynthetic acclimation to elevated
atmospheric carbon dioxide and UV irradiation
in Pinus banksiana. Stewart, J. D.; Hoddinott, J.
Physiologia Plantarum 88(3):493-500. 1993.
169.

Photosynthetic apparatus in cold-stored conifer
seedlings is affected by nursery and storage
photoperiod. Camm, E. L.; Lavender, D. P. Forest
Science 39(3):546-560. 1993.

* 170* Preconditioning effects of nitrogen relative
addition rate and drought stress on container
grown lodgepole pine seedlings. Stewart, J. D.;
Lieffers, V. J. Canadian Journal of Forest Research
23(8):1663-1671. 1993.
* 171* Responses of loblolly pine seedlings to
elevated C02 and fluctuating water supply.
Tschaplinski, T. J.; Norby, R. J.; Wullschleger, S.
D. Tree Physiology 13(3):283-296. 1993.
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* 176* Using infrared thermography to assess viability
of Pinus sylvesfris and Picea abie5 seedlings
before planting. Egnell, G.; Orrlander, G.
Canadian Journal of Forest Research 23(9):17371743. 1993.
* 177* Water stress, photosynthesis and early growth
patterns of cuttings of three Populus clones.
Rhodenbaugh, E. J.; Pallardy, S. G. Tree
Physiology 13(3):213226. 1993.
SO.

Ecophysiological assessment of western
hemlock seedlings for coastal regeneration
programs in British Columbia. Grossnickle, S.
C.; Arnott, J. T.; Major, J. E British Columbia
Ministry of Forests and Forestry Canada, FRDA
Report 183. 23 p. 1992. ORDER FROM: Forestry
Canada, Pacific Forestry Centre, 506 West
Burnside Road, Victoria, BC V8Z 1M5 Canada.
Free

Seeds
* 178* Cone and seed morphology of western larch
(Larix occidentalis), alpine larch (Larix lyallii),
and their hybrids. Carlson, C. E.; Theroux, L. J.
Canadian Journal of Forest Research
23(7):1264-1269. 1993.
* 179* Determination of Pinus sylvestris seed
maturity using leachate conductivity
measurements. Sahlen, K. Canadian Journal of
Forest Research 23(4):864-870. 1993.
180.

The effect of temperature on the germination
capacity and dormancy percent of seed of cold
tolerant Eucalyptus species. Donald, D. G. M.;
Jacobs, C. B. Seed Science and Technology
21(1):255-268. 1993.

* 181 * Effect of the light environment on seed
germination of red alder (Alnus rubra).
Haeussler, S.; Tappeiner, J. C. II. Canadian
Journal of Forest Research 23(7):14871491. 1993.
* 182* Effects of some seed-borne fungi on Picea
glauca and Pinus strobus seeds. Mittal, R. K.;
Wang, B. S. P. European Journal of Forest
Pathology 23(3):13$-146. 1993.
183.

Enhancement of seed germination in
ornamental plants by growth regulators
infused via acetone. Persson, B. Seed Science
and Technology 21(2):281-290. 1993.

184.

Germination of Alaska-cedar seed. Pawuk, W.
H. Tree Planters' Notes 44(1):21-24. 1993.

185.

Handling longleaf pine seeds for optima
nursery performance. Barnett, J. P.; Pesacreta,
T. C. Southern Journal of Applied Forestry
17(4):180-187. 1993.

186.

Microwave irradiation of seeds and selected
fungal spores. Cavalcante, M. J. B.; Muchovej, J.
J. Seed Science and Technology 21(1);247-253.
1993.

187.

Predicting the storage life of beech nuts.
Poulsen, K. M. Seed Science and Technology
21(2):327-337. 1993.

188.

Presowing treatments affect shortleaf pine
seed germination and seedling development.
Barnett, J. P. Tree Planters' Notes 44(2):58-62.
1993.

* 189* Relationships between Epilobium
angustifolium phenology and Picea glauca
seed maturation. Mercier, S.; Langlois, C. G.
Forest Ecology and Management 59(12):115-125.
1993.
190.

Response of longleaf pine seeds to storage
conditions and pregermination treatments.
Barnett, J. P.; Jones, J. Southern Journal of
Applied Forestry 17(4):174-179. 1993.

191.

Seed germination of Rhododendron
carolinianum: influence of light and
temperatures. Blazich, F. A.; Warren, S. L.;
Starrett, M. C.; Acedo, J. R. Journal of
Environmental Horticulture 11(2): 55-58. 1993.

* 192* Studies of mature seeds of eleven Pinus
species differing in seed weight. 1. Element
concentrations in embryos and female
gametophytes. West, M. M.; Lott, J. N. A.
Canadian Journal of Botany 71(4):570-576. 1993.
* 193 * Studies of mature seeds of eleven Pinus
species differing in seed weight. II Subcellular
structure and localization of elements. West, M.
M.; Lott, J. N. A. Canadian Journal of Botany
71(4):577-585. 1993.
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194. The use of pre germinated seed in nursery
operations. Garbisch, E. Wetland Journal 5(2):21.
1993.

201.

The historical roots of living mulch and related
practices. Paine, L. K.; Harrison, H.
HortTechnology 3(2):137- 143. 1993.

*195* Variation in Picea glauca seed germination
associated with the year of cone collection.
Carom G. E.; Wang, B. S. P.; Schooley, H. O.
Canadian Journal of Forest Research 23(7):13061313. 1993.

202.

Horticultural uses of municipal solid waste
composts. Rosen, C. J.; Halbach, T. R.;
Swanson, B. T. HortTechnology 3(2): 167173.
1993.

Soil Management and Growing
Media
196. Composted turkey litter: I. Effect on chemical
and physical properties of a pine bark substrate.
Tyler, H. H.; Warren, S. L.; Bilderback, T. E.;
Fonteno, W. C. Journal of Environmental
Horticulture 11(3):131-136. 1993.
197. Development of the steel rod technique for the
assessment of aeration in urban soils. Hodge, S.
J.; Boswell, R.; Knott, K. Journal of Arboriculture
19(5):281-288. 1993. Rate of corrosion of steel rods
reveals information about oxygen diffusion rate
along a soil profile.
*198* Estimating shrinkage of container media
mixtures with linear and/or regression models.
Bures, S.; Pokorny, F. A.; Ware, G. O.
Communications in Soil Science and Plant Analysis
24(3-4):315-323. 1993.
199. Favourable water and aeration conditions for
growth media used in containerized tree
seedling production: a review. Heiskanen, J.
Scandinavian Journal of Forest Research 8(3):337358. 1993.
200. High gypsum byproducts as soil amendments
for horticultural crops. Korcak, R. F.
HortTechnology 3(2):156-161. 1993.
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*203* Hydraulic properties of sphagnum peat moss
and tuff (scoria) and their potential effects on
water availability. da Silva, F. F.; Wallach, R.;
Chen, Y. Plant and Soil 154(1):119- 126. 1993.
204.

Hydrophilic polymers and wetting agents affect
absorption and evaporative water loss.
Blodgett, A. M.; Beattie, D. J.; White, J. W.; Elliott,
G. C. HortScience 28(6):633635. 1993.

205.

A practical guide to the use of steel rods for
the assessment of aeration in urban soils.
Hodge, S. J.; Knott, K. Journal of Arboriculture
19(5):289-294. 1993.

206.

The promise of compost. Tyler, R. W. American
Nurseryman 178(2):60-68, 70-73. 1993. Ideas for
using compost in container media, liner beds and
nursery fields.

*207* Soil macrostructure and root growth of
establishing seedlings. Cornish, P. S. Plant and
Soil 151(1):119-126. 1993.
*208* Soil solarization in Greece. Vizantinopoulos, S.;
Katranis, N. Weed Research 33(3):225-230. 1993.
209.

Utilization of sewage sludge compost in
horticulture. Gouin, F. R. HortTechnology
3(2):161-163. 1993.

Tropical Forestry and
Agroforestry
210. Acid scarification and hot water soaking of
Racosperma auriculiforme seeds. Khasa, P. D.
Forestry Chronicle 69(3):331- 334. 1993.
211. Effect of root-wrenching and controlled
watering on growth, drought resistance and
quality of bare-rooted seedlings of Acacia
mangium. Awang, K.; De Chavez, C. G. Journal of
Tropical Forest Science 5(3):309-321. 1993.
212. Effects of various methods of extraction on
germination of Gmelina arborea seeds/fruits.
Ogunnika, C. B.; Kadeba, O. Journal of Tropical
Forest Science 5(4):473-478. 1993.
*213* Genetic and site effects on stem breakage in
Pinus tecunumanii. Dvorak, W. S.; Lambeth, C.
C.; Li, B. New Forests 7(3):237-253. 1993.
*214* Growth improvement of Ethiopian acacias by
addition of vesicular-arbuscular mycorrhizal
fungi or roots of native plants to nor:-sterile
nursery soil. Michelsen, A. Forest Ecology and
Management 59(3-4):193-206. 1993.
215. The influence of stage of development and
sowing depth on seed quality and seedling
emergence of Gliricidia sepium. Iji P. A.;
Tarawali, G.; Baba, M. Seed Science and
Technology 21(1); 197-202. 1993.
*216* Responses to salt stress of 16 Eucalyptus
species, Grevillea robusta, Lophostemon
confertus and Pinus caribaea var. hondurensis.
Sun, D.; Dickinson, G. Forest Ecology and
Management 60(1-2):1-14. 1993.

217.

Seedling growth and biomass production in
Hardwickia binata Roxb. as affected by seed
size. Ponnammal, N. R.; Arjunan, M. C.; Antony, K.
A. Indian Forester 119(1):59-62. 1993.

218.

Teak fruit treatment machine - a prototype.
Grewal, J. S.; Kumar, A.; Gaikwad, S. R. Indian
Forester 119(3):252-254. 1993.

219.

The water status of leafy cuttings of four
tropical tree species in mist and non-mist
propagation systems. Newton, A. C.; Jones, A.
C. Journal of Horticultural Science 68(5):653-663.
1993.

Vegetative Propagation and
Tissue Culture
*220* Bud break and multiple shoot formation from
tissues of mature trees of Pinus caribaea and
Pinus kesiya. Nadgauda, R. S.; Nagarwala, N. N.;
Parasharami, V. A.; Mascarenhas, A. F. In Vitro
Cellular and Developmental Biology
29P(3):131-134. 1993.
221.

City water can contaminate tissue culture stock
plants. Seabrook, J. E. A.; Farrell, G. HortScience
28(6):628-629. 1993.

222.

The development and utilization of vegetative
propagation in Mondi for commercial
afforestation programmes. Denison, N. P.;
Kietzka, J. E. South African Forestry Journal
165:47-54. 1993.

223.

Effects of fertilizer and night interruption on
overwinter survival of rooted cuttings of
Quercus L. Drew, J. J. Ill.; Dirr, M. A.; Armitage, A.
M. Journal of Environmental Horticulture
11(3):97-101. 1993.
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224. Impact of biotechnology on forest ecosystems.
Duchesne, L. C. Forestry Chronicle 69(3):307-313.
1993.
225. In vitro establishment of Picea pungens f.
glauca and P. sitchensis seedling rootstocks
with an assessment of their suitabilities for
micrografting with scions of various Picea
species. Ponsonby, D. J.; Mantell, S. H. Journal of
Horticultural Science 68(4):463475. 1993.
226. In vitro propagation of conifers: fidelity of the
clonal offspring. Bonga, J. M. IN: Woody plant
biotechnology, p. 13- 21. M.R. Ahuja, ed. Plenum
Press. 1991.
227. Outdoor mist propagation. Priapi, V. M. American
Nurseryman 178(11):30-35. 1993.
*228* Photosynthesis and dark respiration of black
spruce cuttings during rooting in response to
light and temperature. Yue, D.; Margolis, H. A.
Canadian Journal of Forest Research
23(6):1150-1155. 1993.
229. Propagation characteristics of Eucalyptus
globulus Labill. ssp. globulus stem cuttings in
relation to their original position in the parent
shoot. Wilson, P. J. Journal of Horticultural Science
68(5):715-724. 1993.
230. Rooting performance of hardwood stem cuttings
from herbicide-treated nursery stock plants.
Catanzaro, C. J.; Skroch, W. A.; Henry, P. H.
Journal of Environmental Horticulture
11(3):128-130. 1993. Herbicides did not affect
rooting of cuttings or growth of stock plants of the
taxa tested.
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*231 * Somatic embryogenesis in longleaf pine (Pinus
palustris). Nagnami, R.; Diner, A.M.; Sharma, G.
C. Canadian Journal of Forest Research
23(5):873-876. 1993.
*232* Thidiazuron: a potent cytokinin for woody plant
tissue culture. Hueteman, C. A.; Preece, J. E.
Plant Cell, Tissue and Organ Culture 33:105-119.
1993.
233. Unraveling the mystery: understanding the
methods of herbaceous perennial propagation.
Beattie, D. J.; Herman, R. M.; Still, S. American
Nurseryman 178(7):40-49. 1993.

Water Management and Irrigation
234. Another treatment option: UV radiation. Nursery
Manager 9(6):75-77. 1993. For treatment of
recycled water.
235. How to use ozone to eradicate pathogens.
Roberts, D. R. Nursery Manager 9(6):74. 1993.
236. Influence of tillage on nitrate loss in surface
runoff and tile drainage. Drury, C. F.; McKenney,
D. J.; Findlay, W. L; Gaynor, J. D. Soil Science
Society of America Journal 57(3):797- 802. 1993.
237. A model for irrigation scheduling in container-grown nursery crops utilizing
management allowed deficit (MAD). Welsh, D. F.;
Zajicek, J. M. Journal of Environmental Horticulture
11(3):115-118. 1993.
238. Reclaimed wastewater for irrigation of citrus in
Florida. Davies, F. S.; Maurer, M. A.
HortTechnology 3(2):163-167. 1993.

239.

Winter cover crops can decrease soil nitrate,
leaching potential. Jackson, L. E.; Wyland, L. J.;
Klein, J. A.; Smith, R. F.; Chaney, W. E.; Koike, S.
T. California Agriculture 47(5): 12-15. 1993.

Weed Control
240.

Differential large crabgrass control with
herbicides in tall fescue and common
5ermudagrass. Johnson, B. J. HortScience
28(10):1015-1016. 1993.

241.

Evaluation of weed control and phytotoxicity of
preemergence herbicides applied to
container-grown herbaceous and woody
plants. Staats, D.; Klett, J. E. Journal of
Environmental Horticulture 11(2):78-80. 1993.

*242* Grass and legume seeding on a scarified
coastal alluvial site in northwestern British
Columbia: response of native non- crap
vegetation and planted Sitka spruce (Picea
sitchensis (Bong.) Carr.) seedlings. Coates, K.
D.; Douglas-fir M.J.; Schwab, J. W.; Bergerud, W.
A. New Forests 7(3):193-211. 1993.
243.

Management of weed seed banks with
microorganisms. Kremer, R. J. Ecological
Applications 3(1):42-52. 1993.

244.

Seasonal variation in hybrid poplar tolerance
to glyphosate. Netzer, D.; Hansen, E. USDA
Forest Service, North Central Forest Experiment
Station, Research Paper NC311. 7 p. 1992.

245.

Soil solarization for weed management in
U.A.E. Al- Masoom, A. A.; Saghir, A. R.; Itani, S.
Weed Technology 7(2):507- 510. 1993.
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