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THOUGHT FOR THE DAY 
 

“I look on that man as happy, who, 
when there is a question of success, 
looks into his own work for a reply” 

 
 
 

-Ralph W. Emerson
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FNN Mailing List 
 

After removing non-respondents and adding new contacts, we still have over 1,000 people on the mailing list. The cost of providing 
this service is substantial, and so we will be periodically evaluating the status of each listing. The easiest way to maintain your active 
status is to return the Literature Order Form that comes with each issue of FNN. Even if you don't want to order any articles, please 
fill out the Form and return it. You don't have to fill out all the information on the form if it hasn't changed from the last issue, but 
please note and highlight any permanent address changes. IF WE HAVEN'T HEARD FROM YOU WITHIN THE PAST YEAR (FOUR 
ISSUES OF FNN), THEN YOU WILL AUTOMATICALLY BE PURGED FROM THE LIST!! 

 
USDA Forest Service subscribers--please indicate your DG mailing address on the Literature Order Form, so that we can 
communicate by computer. 
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Nursery Meetings 
 
The fifth biennial Northern Container Nursery Association meeting will be held in Chisolm, MN on Feb. 9-10, 1993. The 
meeting will be jointly hosted by the Iron Range Resources and Rehabilitation Board (IRRRB) Mineland Reclamation Division 
and Itasca Greenhouse, Inc. The technical agenda consists of a wide variety of container propagation subjects and should 
stimulate some good discussion. In addition, a field trip to the 3 container nurseries are scheduled: the state-of-the-art IRRRB 
production growth chamber, Itasca greenhouse (heated by waste heat), and the hybrid aspen greenhouse at the Aspen/Larch 
Cooperative. For last minute details, contact: 
 

Dan Jordan IRRRB 
P.O. Box 392 
Chisolm, MN 55719 
(218) 254-3369 

The 12th Annual Western Forest Nursery Pathologists' Workshop will be held at the Pacific Forestry Centre in Victoria, BC 
on Feb. 22-24, 1993. Rooms have been reserved at the Imperial Inn Hotel--let them know that you are with the nursery group 
to receive the preferred rate. On the first day, attendees will give brief presentations on their recent work followed by discussion 
and questions. The morning of the second day will be devoted to formal presentations, followed by a field trip to MacMillan 
Bloedel's McBean Nursery in the afternoon. The formal presentations will be wrapped-up on the morning of the third day. 
 

Technical Agenda 
Jack Sutherland/John Dennis 
Pacific Forestry Centre 
506 W. Burnside Road 
Victoria, BC 
CANADA V8Z 1M5 
PHONE: (604) 363-0600 

Accommodations 
Imperial Inn 
1961 Douglas Street 
Victoria, BC 
CANADA V8T 4K7 
PHONE: (604) 382-2111

 
 
 
The Fourth International Symposium on Windbreaks and Agroforestry is scheduled for July 26-39, 1993 in 
Hedeselskabet, Viborg in Denmark. The main theme for the meeting will be how agroforestry can contribute to future energy 
supplies and improve the environment. Nurseries are specifically mentioned in the program. Viborg is an ideal location for the 
symposium because it is the headquarters for the Danish Land Development Service and the Agricultural School. If you would 
like to present a volunteer paper or poster, or just want more information, write to the following address: 

 
4th International Symposium 
Hedeselskabet 
P.O. Box 110 
DK-8800, Viborg 
DENMARK 
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The only nursery workshop in the US this summer will feature a special joint meeting of the Northeastern Area 
Nurseryman's Association, the Intermountain Conservation Nursery Association, and the Midcontinental Nursery 
Pathologists. The technical sessions will be held at a convention center in St. Louis, MO on August 2-5, 1993 and will feature 
focus topics on Soils, Organic Matter Management, Integrated Pest Management/Biocontrol, and General Nursery Topics. Field 
trips to the George O. White State Forest Nursery, and a variety of local tours are interspersed throughout the program. Call me 
about the technical sessions or, for information on local arrangements, contact: 

 
Bill Yoder 
George O. White State Nursery 
Route 2, Box 465 
Licking, MO 65542 

 
(314) 674-3229 

The Third North American Agroforestry Conference will be held at Iowa State University in Ames, Iowa on August I5-18, 
1993. The theme is "Opportunities for Temperate Zone Agroforestry--Worldwide" and the agenda will include technical 
presentations, workshops, and field trips. Submit an abstract of 250 words or less by April I, 1993 if you would like to make a 
presentation. For more information, contact: 

 
Richard C. Schultz 
Dept. of Forestry 
251 Bessey Hall 
Iowa State University  
Ames, Iowa 50011 
PHONE: (515) 294-7602 FAX: (515) 294-1337 

 
The 24th Biennial meeting of the Canadian Tree Improvement Association will be held in Fredericton, New 
Brunswick on August 17-19, 1993. The theme for the symposium will be "Future Forests--Options and Opportunities" and 
the agenda will include technical sessions, workshops, and field trips. For further information, contact: 

 
Kathy Tosh 
Dept. of Natural Resources 
Kingsclear Provincial Forest Nursery 
RR #6 Fredericton, NB . 
CANADA E313 4X7 
PHONE: (506) 453-9101 

 
In 1994, the Western Forest Nursery Association will be meeting in conjunction with the Forest Nursery Association of 
British Columbia in Moscow, ID. We have reserved the conference center the Best Western University Inn for the dates of 
August 15-19, 1994. I know that it's a long way off but this will be a meeting that you won't want to miss. For more 
information, contact me or: 

 
Kas Dumroese 
Forest Research Nursery 
University of Idaho 
Moscow, ID 83843 
PHONE: (208) 885-7017 FAX: (208) 885-6226 
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National Nursery Issues 

A Cause for 
Optimism 

 

Earth in the Balance--Ecology and the 
 Human Spirit 
I bought this book last summer but held off 
discussing it here until after the election. Now that the 
author, Al Gore, has been elected vice-president, I 
want to share some of his published philosophy on 
reforestation: 

 
Balance at Risk, (p. 125)--"Those lands that 
have been degraded frequently offer some of 
the best opportunities for restoration of the 
environment in a way that not only halts the 
destruction but reverses it and begins the 
process of recovery. Specifically, reforestation 
programs offer one of the most accessible and 
effective strategies for removing carbon dioxide 
from the environment, halting soil erosion, and 
restoring habitats for living species." 
A Global Marshall Plan, (pp. 323-324)--"A 
strategic initiative to plant billions of trees 
throughout the world, especially on degraded 
lands, is one of the most easily understandable, 
potentially popular, and ecologically intelligent 
efforts on which the Global Marshall Plan should 
concentrate. The symbolism--and the 
substantive significance--of planting a tree has 
universal power in every culture and every 
society on earth, and it is a way for individual 
men, women, and children to participate in 
creating solutions for the environmental crisis. 
But for a tree planting program to be truly 
successful, two other tasks must be performed, 
one preceding the planting and the other 
following it. First, the seedling must be both 
genetically appropriate for its particular 
ecological niche and available in adequate 
numbers at the right times and in the right 
places. Second, whatever incentives are used 
to encourage the planting of trees must be 
keyed, not to the planting itself, but to the 
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appropriate follow-up visits to ensure the survival of 
the seedling with adequate water and protection from 
grazing animals until it is sufficiently well established 
to grow on its own."  
 

The US Role in the Global Marshall Plan--
Point #7, (p. 351)--"Tree planting pro-
grams--with carefully selected seedlings 
appropriate to the areas being planted and 
careful follow-up to ensure tree survival--
should be part of workfare programs in 
communities where work requirements are 
attached to welfare payments. Similarly, 
tree planting projects should be given 
higher priority in summer jobs programs for 
teenagers."  

 
Well, I think that you can see that the vice-president 
elect has some very definite and enlightened 
opinions about the benefits of tree planting. In 
particular, I was encouraged to read that he 
understands the importance of using source--
identified, locally-adapted seedlings. Other 
government tree planting programs often become 
obsessed with the number of seedlings that are 
planted with little concern about the use of 
appropriate stock. The other thing that caught my 
eye is that the stated measure of outplanting success 
is a free-to-grow tree--a concept that many 
well-meaning people fail to appreciate. Granted, 
these are only opinions but I feel hopeful just 
knowing that someone of Al Gore's political stature 
has an appreciation of these important concepts. 
Now, all we have to do is wait and see if these ideas 
will be translated into national policy. 
 
Reference: Gore, A. 1992. Earth In the Balance: 
Ecology and the Human Spirit. New York, Houghton 

Mifflin Company. 407 p. 



Pine Shoot Beetle Quarantine 
 

A scolytid beetle (Tomicus pipiperda L.), commonly known as the pine shoot beetle, was found on a Christmas tree farm in 
Ohio In July of this year. Entomologists from APHIS (Animal and Plant Health Inspection Service) believe that this insect pest 
was brought in from Europe on dunnage. The pine shoot beetle is the most destructive pest of pines in Europe and poses an 
extreme threat to urban and timber trees as well as Christmas trees and nursery stock. As of mid-November, the pest had been 
confirmed in northeastern Ohio, north central Illinois, northern Indiana, southern Michigan, northwest Pennsylvania, and 
western New York state. As of Nov. 13, 1992, federal and state quarantines of these areas are in effect but the full impact of 
these quarantines is unknown at this time. Nursery stock grown in enclosed greenhouses and seedlings less than 24 inches in 
height can be visually inspected, but no inspection procedure has been approved for larger ornamental plants and Christmas 
trees. For more information, contact: 
 

Milton C. Holmes 
USDA, APHIS, PPQ 
Federal Building, Rm 642 
6505 Belerest Road 
Hyattsville, MD 20762 
PHONE: 301-436-8247 

 
Methyl Bromide Update 
 
The American Association of Nurserymen reports that the U.S. Environmental Protection Agency has proposed that methyl 
bromide be listed as a Class I Ozone Depleting Substance under the Clean Air Act. If approved, then methyl bromide 
production would not increase beyond 1992 levels and would eventually be phased-out by the year 2000. See the 
April-October, 1992 issues of FNN for more background information. It remains to be seen, but this proposal will probably be 
received more favorably under the Clinton/Gore administration than it was under President Bush. 

 
Reference: Update--Dec. 14, 1992. Washington, DC: American Association of Nurserymen. 

 
Ecological Alternatives 

 

Those of you who have suffered through one of my training sessions may have heard me refer to tree seedlings as a "root 
crop". Granted, this stretches the standard horticultural definition to the breaking point but I'm trying to make you think. The 
true value of a tree seedling is reflected by it's ability to form new roots and become established on the outplanting 
site--often under harsh environmental conditions. Root growth potential is widely considered to be one of the primary 
measures of seedling quality and so any product which could be applied to the root system to stimulate new root growth 
would be of great value. Well, several new organic root-promoting substances are now on the market. 

 

Organic root treatments 
 

The trend away from synthetic products and towards more "natural" materials has reached the nursery: 
 
Rhizopon 
 
In January, 1992 issue of FNN I mentioned this product in the Nursery Products and Services section. 
Rhizopon is an organic root treatment used to induce rooting on cuttings, and is also reported to stimu- 
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late the development of new roots on transplanted nursery stock. Rhizopon has been used on many species of ornamental 
plants around the world and the US distributor, Hortus USA, would like to try their product on forest and conservation 
species. If you would like a trial supply of Rhizopon, contact Joel Kroin at the following address: 

 
Hortus USA 
245 West 24th St. 
New York, NY 10011-1717 
PHONE (212) 929-0927 
FAX (212) 929-0927 

 
Roots Concentrate® 
At a nursery meeting in Montana last fall, Bill Sayward told me about this product which is another root promoting product that 
was developed at the Yale School of Forestry. Roots Concentrate is called "an organic biostimulant" that is a combination of 
several different extracts such as peat humus and kelp. When applied as a drench or soak to seedling root systems, it is 
supposed to increase root activity and stimulate new root growth. The promotional literature cites 45 research studies that 
support its efficacy and, of particular interest to us, treated seedlings have performed better on stressful outplanting sites. Bill 
says that he has tested Roots Concentrate in his own greenhouse and has observed improved root development. Several of 
his customers have also experienced positive results after outplanting. Bill is also a distributor for this product, so contact him 
at: 

 
Itasca Greenhouse, Inc. 
P.O. Box 273 
Cohasset, MN 55721 
PHONE: (218) 328-6261 
OUTSIDE MN: (800) 538-8733 

 
Vitamin B- I (Thiamine hydrochloride) 
Vitamin B-1 products, such as Up-Start' which is marketed by Ortho, are recommended by many gardening experts for 
reducing transplant shock and improving root growth and development. I can't find any technical information on the use of 
these products in any of my plant propagation references. So, in the spirit of good investigative journalism, I bought a bottle 
but I won't have the opportunity to try it out in the garden until next spring. 

 
My Humble Opinion 
I am always skeptical about any product that purports to produce amazing results, and am reminded of the "snake oil" health 
remedies were so common in times past. My major objection to any miracle product is that growers will try to use it as a 
substitute for good cultural practices or to correct an existing root disease condition. To be completely fair, however, I am 
maintaining an open attitude. I'd like to hear from any of your who have used any of these organic root promoting products, 
and hope somebody will test them in their nursery. A good double-blind experiment that evaluates both root growth potential 
and outplanting performance shouldn't be too difficult to set-up. 
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Notable Publications 
 
 
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 Methods of applying herbicides. McWhorter, C.G.; Gebhardt, M.R. Monograph No. 4. Champaign, IL: 

Weed Science Society of America. 358 p. 1987. 
 
This hardbound book is advertised as "the most comprehensive monograph ever published on methods of applying herbicides" 
and I have to agree. The 22 chapters document current herbicide application methods and also present the potential for future 
technology. Chapter 6--Spray Application Technology--is particularly well-written and informative. It discusses types of nozzles, 
pumps, and sprayers and has many informative tables and illustrations. Other chapters include: Relationship of plant 
morphology to herbicide application and absorption, Wiper application, Protective apparel, and Effect of weather factors on the 
application of herbicides. 

 
COST: $ 35.00 
ORDER FROM: 
Weed Science Society of America 
309 W. Clark St. 
Champaign, IL 61820 

  
SO Currently registered pesticides for use in tree nurseries in the Pacific Northwest.  Hildebrand, D.M.; Smith, 

G.K. Publication No. R6-93-01. USDA Forest Service, Pacific Northwest Region. 69 p. 1992. 
 
This handy spiral-bound report is organized into 6 chapters: Animal repellents, Fungicides, Herbicides, Insecticides, Soil 
fumigants, and Surface Treatments. The listings for each pesticide entry include chemical properties, pests controlled, 
chemical characteristics, and operational considerations. As the title states, these products are only registered for forest 
nursery crops in the Northwest US, but growers in other regions will also find the publication very useful. You are all painfully 
aware of the myriad pesticide restrictions and differences in label terminology so please contact your local pest specialist 
before using any chemical. 

 
COST: Free 
ORDER FROM: 
USDA Forest Service 
Forest Pest Management 
P.O. Box 3623 
Portland, OR 97208-3623 
PHONE: (503) 326-2728 FAX: (503) 326-5569 
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SO Proceedings, Southern Forest Nursery Association Conferences.  Branan, J.; Moorhead, D. comp. 1992 July 
20-23; Pine Mountain, GA. Macon, GA: Georgia Forestry Commission. 136 p. 1992. 

 
This publication contains 14 papers on all aspects of nursery culture in the southern US as well as abstracts from 7 posters. I 
was particularly interested in the articles on hardwood propagation: seed treatments, seedling culture, and effects of nursery 
practices on root morphology. Articles on alternative treatments to methyl bromide fumigants, the impacts of tree improvement 
on nursery management, and other relevant topics fill out the proceedings. 

 
COST: Free 
ORDER FROM: 
Georgia Forestry Commission 
P.O. Box 819 
Macon, GA 31298-4599 
PHONE: (912) 744-3354 

 
SO Ecophysiology of ectomycorrhizae of forest trees.  Marcus Wallenberg Foundation Symposia 
 Proceedings No. 7. 1991 Sept. 27; Stockholm, Sweden. Falun, Sweden: The Marcus 
 Wallenberg Foundation. 1991. 90 p. 

 
This softbound publication contains 3 classical review papers on ectomycorrhizae. The keynote paper is entitled "The practical 
significance of ectomycorrhizae in forest establishment" and was written by Don Marx, the recipient of the Wallenberg prize. 
The other two papers are also well written: The fungal partner in the mycorrhizal symbiosis, and The role of the mycorrhizal 
symbiosis in the nutrition of plant communities. In addition to valuable technical information, the book also includes some of the 
best color photographs of the ectomycorrhizal root systems of tree seedlings that I have ever seen. 

 
COST: Free 
ORDER FROM: 
The Marcus Wallenberg Foundation 
S-791 80 
Falun, SWEDEN 
PHONE: 46-23-80309 
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COME AND GET THEM! I have been going through my stock of nursery publications and would like to get rid of surplus 
copies. You can order a free copy of the following publications by circling the appropriate letter on the Literature Order Form. 
Supplies vary and so orders will be filled on a first-come, first-served basis. 

 
A. How to test herbicides at forest tree nurseries. Sandquist, R.E.; Owston, P.W.; McDonald, S.E. Gen. Tech. Rep. 

PNW-127. Portland, OR: USDA Forest Service, Pacific Northwest Forest and Range Experiment Station. 1981. 24 p. 
(22 copies) 

 
This classic publication describes how to properly design, lay out, and evaluate herbicide trials in bareroot nurseries. 
The procedures would also be applicable to other pesticide trials. 

 
The following are Proceedings from past western nursery meetings and contain many good articles on a variety of nursery 
subjects. Sorry, that's not too definitive but there are too many articles to list them individually: 

 
B. Proceedings of Intermountain Nurseryman’s Association and Western Forest Nursery Association 

Combined Meeting. Gen. Tech. Rep. INT-109. 1980 August 12-14; Boise, ID. Ogden, UT: USDA Forest Service, 
Intermountain Forest and Range Experiment Station. 1981. 148 p. (17 copies) 

 
This proceedings contains articles on seed and cone processing and bareroot nursery subjects including: weed control, 
irrigation, seedling quality, and stock handling on the outplanting site. 

 
C. The Challenge of producing native plants for the Intermountain areas Proceedings: 
 Intermountain Nurserymen's Association 1983 Conference. Murphy, P.M. comp. Gen. Tech. 
 Rep. INT-168. 1983 August 8-11; Las Vegas, NV: USDA Forest Service, Intermountain Forest 
 and Range Experiment Station. 1984. 96 p. (33 copies) 

 
This meeting focused on the propagation and use of native plants, but this proceedings also contains other articles on 
container production and seedling quality. 

 
D. Proceedings: Western Forest Nursery Council--Intermountain Nurseryman's Association Combined Meeting. 

Landis, T.D. comp. Gen. Tech. Rep. INT-185. 1984 August 14-16; Coeur d'Alene, ID. Ogden, UT: USDA Forest 
Service, Intermountain Forest and Range Experiment Station. 1985. 140 p. (11 copies) 

 
This proceedings contains articles on a wide variety of bareroot and container nursery subjects. 

 
E. Proceedings: Intermountain Nurseryman's Association Meeting. Landis, T.D.; Fischer, J.W. tech. coord. Gen. 

Tech. Rep. RM-125. 1985 August 13-15; Ft. Collins, CO. Ft. Collies, CO: USDA Forest Service, Rocky Mountain 
Forest and Range Experiment Station. 1986. 111 p. (15 copies) 

 
This proceedings contains articles on three focus topics (weed control, seedling quality, and bareroot fertilization), as well 
as a section on general bareroot and container nursery topics. 

 
 
 
 
 
 
 
 

January 1993 * Forest Nursery Notes * 9 
 



Cultural Perspectives 
 

 

Limiting 
Factors--Humidity 

 
Plants need six different limiting factors for good 
growth, four of which are found in the ambient 
environment (Figure A). In the last two issues, we 
looked at light and temperature and so humidity is 
next on the list. I can hear many of you bareroot 
nursery folks saying, "Oh great, humidity, there's no 
way that I can manage that in my nursery." Well, 
hold on. Although container nurseries have many 
more opportunities, humidity can be managed in 
one phase of bareroot culture-refrigerated storage. 

 
What is humidity--pretty simple, right? Humidity is 
moist air: it feels hot and sticky in the summer, and 
cold and chilly in the winter. As you may have 
guessed, it's actually more complicated than 
that--isn't everything? 

 
Biophysics of water vapor 
Moist air can be defined as a two-component 
mixture of dry air and water vapor. The air and 
the water vapor simultaneously occupy the same 
space, but the water vapor acts independently of 
the other gases. The partial pressure of water 
vapor is a function of temperature and is unre-
lated to the total pressure of the air-water vapor 
mixture. So, the key to managing humidity is to 
realize that it is so closely tied to temperature. 

 
Water vapor pressure--The water vapor in a 
given volume of air exerts a partial pressure (e) 
that depends on the amount of the water vapor 

and its temperature. The water vapor pressure in 
the surrounding air is called the ambient water 
vapor pressure (ea), and the vapor pressure of 
completely saturated air is the saturation water 
vapor pressure (es). The amount of water that the 
air can hold increases dramatically with tempera-
ture--the es approximately doubles for each 11 ° C 
(20° F) increase in temperature. 

 
Water vapor pressure deficit (VPD)--The differ-
ence between the saturation water vapor pressure 
and the ambient water vapor pressure at the same 
temperature: 

 
VPD = es- ea 

 
Dew point--The temperature at which ea = es, and 
condensation occurs. 

 
The VPD is important in horticulture because it 
represents the evapotranspirational demand of the 
surrounding atmosphere, as well as the proximity 
to the dew point. Therefore, growers can use the 

VPD to determine whether to irrigate because 
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seedling transpiration will be high, or whether to 
ventilate to avoid condensation. The dew point 
temperature is also handy to know because it helps 
growers minimize condensation which quickly leads to 
disease problems. 

 
Relative humidity (RH)--Although the actual amount of 
water vapor in a given volume of air is called the 
absolute humidity, the most practical measurement of 
humidity is the relative humidity, RH can be defined as 
the ratio of the amount of moisture in a volume of air to 
the total amount of moisture that can be held at 
saturation at a given temperature and atmospheric 
pressure. To compute RH, the ambient water vapor 
pressure is divided by the saturation water vapor 
pressure and is expressed as a percentage: e 

 
RH (%) = ea  X 100 

es 
 
Because both RH and VPD are related to temperature, 
these humidity indexes can be obtained from handy 
reference charts when two of the three values are 
known (Table 1). 

 
Measuring humidity 
It is relatively difficult to measure humidity compared to 
the other atmospheric variables. Relative humidity is the 
only measure of humidity that is routinely monitored in 
forest and conservation nurseries, although new environ-
mental computer systems can now calculate vapor 
pressure deficit. 

 
Any instrument that measures humidity is called a 
hygrometer. A psychrometer is a common type of 
hygrometer that consists of two adjacent temperature 
sensors: a dry bulb sensor that measures ambient 
temperature and a wet bulb sensor that is covered with 
an absorbent cloth. This cloth is wetted with distilled 
water and both sensors are ventilated with air moving at 
a rate of at least 3.5 m/s (12 feet per second) until the 
wet bulb temperature reaches a steady state. The 
difference in temperature between wet bulb and dry bulb 
sensors is known as the wet-bulb depression. Charts 
and tables are available for converting the wet and dry 

bulb temperature to relative humidity or dew point. 
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Three types of 
psychrometers are 
commonly used in 
container nurseries. 
The sling 
psychrometer 
(Figure B) is whirled 
manually in a 
circular motion until 
the wet bulb 
temperature stabi-
lizes. With the 
aspirated psychrom-
eter, the 
thermometer; 
remain stationary 
is drawn across the bulbs with a small fan. A 
hygrothermograph measures relative humidity as well 
as air temperature, and records them on a chart to 
document diurnal and daily trends. 

 
Effects of humidity on seedling growth 
Managing the proper humidity level in forest and 
conservation nurseries is biologically important for two 
reasons. First, a moderate 1-rufl-nidity level keeps the 
stomata open so that seedlings can photosynthesize 
without losing excessive amounts of water through 
transpiration (Figure C). This is even more important 
when plants are being propagated vegetatively by 
cuttings or grafting. Most of the transpirational water 
loss occurs through the stomata on the leaves, which 
must also remain open long enough to absorb sufficient 



 

carbon dioxide (C02) for photosynthesis. A moderate 
transpiration rate is also beneficial because it cools the 
leaf and keeps it near the optimum temperature for 
photosynthesis and other metabolic processes. Other 
seedling growth processes, such as cell enlargement, 
also depend on positive turgor pressure. 

 
The second effect of humidity on seedling growth is 
indirect. Excessive humidity encourages nursery pests, 
especially fungal pathogens, but also algae, mosses, 
and liverworts. Even some insect pests, such as fungus 
gnats, thrive under the high humidity conditions that are 
often found in nurseries. 

 
The challenge to the nursery manager is to maintain 
humidities that are high enough for good seedling 
growth but not so high as to encourage pests. 

 
Seedling water relations--Humidity has a significant 
effect on evapotranspiration rates, but remember, 
relative humidity is controlled by temperature. Under 
still conditions, the rate of evaporation from a wet 
surface is a function of the relative humidity and 
temperature and is proportional to the vapor pressure 
deficit. At a constant temperature, the higher the 

relative humidity, the lower the vapor pressure deficit 

(Table 1). And so, under operational conditions, 
increasing temperature is more of a controlling factor 
than absolute humidity in determining evapotran-
spirational demand. For example, when the RH of the 
air decreases 30% (from 80 to 50%) and the 
temperature stays at 30° C (86° F), the VPD increases 
2.5 times; however, if the absolute humidity remains 
constant and the leaf temperature increases just 101 
C, from 10 to 200 C (50 to 68° F), then the VPD 
increases over five times. 

 
Another less-appreciated factor affecting evapotran-
spiration is wind. Under calm conditions, water vapor 
collects near an evaporating surface, forming a boun-
dary layer. If the humidity in the boundary layer ap-
proaches saturation, the evaporation rate will almost 
cease, even though the surrounding air is much drier. 
Wind removes the boundary layer and replaces it with 
drier air, thus increasing the evaporation rate. For 
example, if the air in the boundary layer was 20° C 
(68° F) with 90% RH, and it was replaced by air at the 
same temperature and 60% RH, the VPD would in-
crease over fourfold--from 0.23 to 0.93 kPa (Table 1). 

 
Vegetative propagation--Maintenance of the 
proper humidity is of particular concern in 
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vegetative propagation. The transpiration rate of 
cuttings must be kept low for several weeks or 
even months so that they can maintain enough 
turgor to produce new roots. Special rooting 
environments are constructed to maintain these 
higher humidifies. Grafted seedlings are often kept 
in greenhouse conditions because the high 
humidifies reduce the moisture stress on the 
scions. 

 
Nursery pests--Although most pathogenic fungi 

thrive under high humidity, certain plant pathogens 
particularly favor this environment. The fungus that 
causes grey mold is a notable example. The spores 
of Botrytis cinerea require free moisture to 
germinate and penetrate seedling foliage, and high 
humidifies are conducive to the subsequent spread 
of the fungus. Grey mold becomes serious in the 
fall when cooler temperatures cause moisture to 
condense on seedling foliage, especially in overly 
dense seedling canopies. Grey mold is also one of 
the most common storage molds in forest and 
conservation nurseries. Latent infections are often 
not noticed during seedling grading, and so the 
fungus is introduced into the storage container. 
Botrytis thrives in the humid, dark environment of 
seedling storage. 

 
The growth of cryptogams (moss, algae, and 

liverworts) is stimulated by high humidifies. In 
extreme cases, mosses can form mats that com-
pletely prevents the infiltration of water and 
liquid fertilizers. Even some insect pests can be 
related to high humidity environments. Dark-
winged fungus gnats can build up damaging 
populations in greenhouses that have excessive 
amounts of moss and algae. 

 
Modifying Humidity in Nurseries 
Bareroot nurseries have few options for modify ing 

humidity, but can manage the microenvironment in 
their seedbeds by careful control of seedling 
spacing and irrigation rate and timing. Container 
nurseries with enclosed growing structures can 
use heating and ventilation equipment to manage 
humidity. The type of greenhouse covering has 
even been shown to affect humidity levels. 

It is extremely difficult to set ideal humidity levels 
for nurseries because relative humidity varies so 
much with temperature. Optimum humidity levels 
change during the growing season, and are also 
different for seedlings and cuttings. 

 
Seedlings-- Little formal research has been done 
on ideal humidity levels for nurseries. Most of our 
current knowledge has been obtained through 
experience and observation in operational con-
tainer nurseries. Container growers try to keep 
their RH levels from 60 to 80% during the growing 
season, and from 45 to 50% during the hardening 
phase. Managing humidity is most critical during 
the germination period. Seeds must never be 
allowed to dry out and so mulches or seed 
coverings are commonly used. Many nurseries 
use light, frequent irrigation to keep the soil or 
growing medium "moist but not wet" to discour-
age damping-off. When temperatures in the 
growing area become excessive, many nurseries 
apply a fine mist to cool the seedlings. Some of 
the mist evaporates before reaching the ground, 
thus lowering the air temperature. Irrigation 
should be scheduled early in the day to allow time 
for the moisture on the seedling foliage to evapo-
rate. 

 
At the beginning of the Hardening Phase, many 
bareroot and container nursery managers curtail 
irrigation and induce a moderate moisture stress. 
Because this is difficult in container nurseries with 
enclosed growing structures, many nurseries 
move their seedlings from the greenhouse at the 
beginning of the hardening phase, and others 
remove the covering. 

 
Vegetative propagation-- Significantly higher 
humidifies are required for all types of vegetative 
propagation compared to seedling culture. In all 
types of cuttings, the normal water supply has 
been completely severed and so water stress can 
quickly become severe. This problem is particu-
larly critical with softwood cuttings, which have 
leaves that are still transpiring, and hardwood 
cuttings, which root slowly. Maintaining relative 

humidity values as close to 100% as possible is 
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desirable; once cuttings have rooted, they are 
gradually hardened to ambient conditions by 
allowing humidities to decrease. Newly grafted 
plants also benefit from highly humid environments 
until the grafts have taken and normal internal 
water relations have resumed. 

 
During vegetative propagation, humidity can be 
increased by spraying fine droplets of water into 
the air. Both mist and fog systems have been 
used--the difference is the size of the droplet. Mist 
droplets are large enough to settle out in a few 
seconds and will wet the surfaces on which they 
land. Fog droplets are almost invisibly small and 
will remain suspended for several minutes, during 
which most will evaporate. When properly applied, 
fog will not wet seedling foliage. So, although they 
are considerably more expensive, fog systems are 
less likely to stimulate nursery pests. 

 
Overwinter storage-- Control of humidity is very 
critical during the storage period, but it is a 
balancing act: seedlings must be kept humid 
enough so that they don't dry out, but not so wet 
that they are damaged by storage molds. 

 
Seedlings can be stored under refrigeration (1 to 
2° C) for a few months provided they are disease--
free, clean, and properly packaged. Most nurseries 
used some sort of storage container with a 
moisture-retentive plastic liner, whereas others try 
to humidify the storage environment. The latter is 
much easier in theory than in practice. A recent 

trial showed that unbagged Sitka spruce (Picea 
sitchensis) seedlings in humidified cold storage had 
significantly poorer root growth potential, outplanting 
survival, and first-season shoot growth compared to 
seedlings stored in plastic bags. The cause of this 
difference in outplanting performance was poor 
humidity control--the unbagged seedlings had 
significantly lower root moisture content (Table 2). Also 
significant was the fact that the moisture loss was 
greatest during the first month of storage. The 
take-home lesson is that proper packaging maintains 
high in-bag humidity levels, which are much more 
important than the ambient humidity in the storage 
facility. 

 
Storage molds get worse with time and so, for long-term 
storage (> 3 months), most nurseries are using freezers 
(-1 to -2° C). It is operationally difficult to maintain 100% 
humidity in freezer storage, and the physics of humidity 
at subfreezing temperatures is something that we really 
don't want to get into here. Proper packaging is even 
more critical for freezer storage. You all can relate to 
what happens to food that is kept in your frost-free 
refrigerator too long--it gets "freezer-burned." Bags or 
boxes with moisture-retentive liners have proven 
effective in maintaining high in-bag humidity in freezer 
storage. 

 
So, there's a brief introduction to humidity and how it 
affects seedling growth. We've discussed light, 
temperature, and humidity so far, and next issue we 
finish-up the atmospheric limiting factors and take a 

look at carbon dioxide. 
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Editorial 
 
New Year’s Resolution 

 

"One always has time enough, if one will 

apply it well " 
 

- J.W. Von Goethe 
 One of the things that has struck me as I've talked to 
many of you over the past year is that everyone is just 
way too busy. Sure, we're all professionals and take 
our jobs seriously but I get the distinct feeling that the 
problem of time management has gotten worse for 
many of us. 

 
One real threat is the increasing number of 
communication options nowadays. Although computer 
networks, FAX machines, and portable phones offer 
unlimited communication possibilities, they also intrude 
on our privacy and are annoying interruptions. Maybe 
it's just a sign of my advancing age, but I am finding it 
increasingly difficult to refocus my attention after I 

have been interrupted. 

The information explosion is also to blame. I don't 
know about you, but I can't even begin to read all the 
professional magazines, notices, etc. that flood my 
mailbox. While reviewing journals for the New 
Nursery Literature Section of FNN, I make an extra 
copy of articles that look particularly interesting. Well, 
they get put in the "To Read" pile where I let them 
cure awhile until they go to another file or the 
recycling bin. 

 
"Close enough for government work"--I'm sure that 
you've all heard this old adage and, being a 
government worker and a perfectionist, I've always 
taken offense at it. But, like most things, it does 
contain a kernel of truth. One reason that I'm usually 
behind schedule is that I never know when a project 
is good enough, and am always trying to make it 
better. Unfortunately, there is no end to this mode of 
thinking and it invariably contributes to the "not 

enough time" syndrome. 



I know that you've heard all of this from me before (cf. 
"Time Management???" in FNN 07-90, and "Saying No" in 
FNN 04-91), so you can appreciate that the problem hasn't 
gotten any better. The Christmas holidays are the time of 
hope, however, and New Year's Resolutions are a 
time-honored tradition. So, let's resolve to practice better 
time management by: 
 
* Continually evaluating how we spend our time 
 
* Eliminating things that are not critical 
 
* Devoting more time to high priority tasks 
 
* Wrapping up projects when they reach the 
 "acceptable" category. 
 
Sounds good, huh? We'll see how it goes but don't be too 
surprised if you hear this same song again next year. 

 

 

January 1993 * Forest Nursery Notes * 17 



New Nursery Literature 
 
Please obtain these articles from your local forestry library or literature service if at all possible. Numbered or lettered articles 
can also be ordered directly through this service, using the Literature Order Form on the last page-Just circle the appropriate 
number or letter 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 (* 1 *) 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 (SO) articles or 
publications must be ordered directly from the publisher. Prices and ordering instructions follow each listing. 

 

Bareroot Production 
 

1. Effects of seeder design and seed placement on 
seedling size and cull rates at western forest 
nurseries. Sloan, J. P. USDA Forest Service, 
Intermountain Research Station, Research Paper 
INT-458. 24 p. 1992. Comparison of the Summit 
Precision Seeder and the Oyjord Seeder. 

 
2. Hardwood culture. Campbell, S. J., Jr. Southern 

Forest Nursery Association Conference Proceedings 
1992:91-95. 1992. Reviews practices of Scott Paper 
Company nursery. 

 
*3* Influence of polypropylene gauze covering 
 on soil temperature in nurseries. 
 Heiskanen, J.; Raitio, H. Forest Ecology 
 and Management 53(1-4):319-328. 1992. 

 

Business Management 
 
4. The Americans with Disabilities Act: what you 

should know. Mosher, P. Grower 25(10):24-25, 28-29, 
32. 1992. 

 
5. Clinical ecologists may help change imagined 

conditions to real traumas. Lindquist, R. Greenhouse 
Manager 11(7):103-104. 1992. Discusses allergies to 
plants, pesticides and insects, as well as perceived 
allergies and delusionary parasitosis that sometimes 

occur. 
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6. Coming clean. Petree, J. American Nurseryman 
176(11):50-55. 1992. A Bellingham, WA, company 
implements an employee drug- testing program to 
combat alcohol and drug abuse in the workplace. 

 
7. Containment tanks help prepare your 

operation for future legislation. Bartok, J. W., 
Jr. Greenhouse Manager 11(8):89. 1992. 
Containment methods for above ground storage 
tanks of gasoline, diesel, other petroleum or toxic 
products. 

 
8. Create an inventory system you can count on. 

Hall, C. Greenhouse Manager 11(6):85, 87. 1992. 
 
9. Nursery/neighborhood interactions. 

Scholtes, J. R. Southern Forest Nursery 
Association Conference Proceedings 
1992:54-59. 1992. 

 

Container Production 
 
10. Containerized seedling production and field 

planting. Larson, D. R.; Foster, J. W., Jr. 
Southern Forest Nursery Association Conference 
Proceedings 1992:18-20. 1992. Reviews work of 
Gulf States Paper Corp. 

 
11. Long-nights and moisture stress affect 

Douglas-fir seedling growth, cold hardiness, 
dormancy and root growth potential. Simpson, 
D. G. British Columbia Ministry of Forests, and 

Forestry Canada, FRDA Report 151. 10 p. 1990. 
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*19*  The influence of phosphorus concentration and 
frequency of fertilization on ectomycorrhizal 
development in containerized black spruce and 
jack pine seedlings. Browning, M. H. R.; Whitney, 
R. D. Canadian Journal of Forest Research 
22(9):1263- 1270. 1992. 

 
20. Influence of supplemental inorganic nutrients 

on growth, survivorship, and mycorrhizal 
relationships of Schizachyrium scoparium 
(Poaceae) grown in fumigated and unfumigated 
soil. Anderson, R. C.; Liberta, A. E. American 
Journal of Botany 79(4):406-414. 1991. 

 
21. Leachate nutrient content and growth of two 

hollies as influenced by controlled release 
fertilizers. Ruter, J. M. Journal of Environmental 
Horticulture 10(3):162-166. 1992. 

 
22. Select your injector. Greenhouse Grower 
 10(13):52,55,56,58. 1992. 
 
23. Solubility promotes growth. Reddy, S.; King, P. 

Greenhouse Grower 10(12):27-28, 30. 1992. 
 

General and Miscellaneous 
 
24. Artificial regeneration of native oaks in 

California. McCreary, D. D. Society of American 
Foresters, proceedings 1991:603604. 1992. 

 
25. National perspective on tree planting programs 

in the United States.  Mangold, R. D. Southern 
Forest Nursery Association Conference 
Proceedings 1992:60-66. 1992. 

 
26. Urban forestry programs and tree demands. 

Dolliver, S. Southern Forest Nursery Association 

Conference Proceedings 1992:13-17. 1992. 

Fertilization and Nutrition 
 
12. Comparison between a commercial fertilizer 

prescription and soluble and granular forms 
of 2:3:2 and 3:2:1 with and without trace 
elements as applied to E. grandis seedlings. 
Donald, D. G. M.; Jacobs, C.; Milani, M. Y. South 
African Forestry Journal 161:27-29. 1992. 

 
13. Controlled release fertilizer effects on 
 growth and foliar nutrient concentration 
 of container grown Jeffrey pine and 
 singleleaf pinyon. Walker, R. F.; Huntt, C. 
 D. Western Journal of Applied Forestry 
 7(4):113-117. 1992. 
 
14. Effect of leachate fraction on nitrate 

loading to the soil profile underlying a 
greenhouse crop. McAvoy, R. J.; Brand, M. 
H.; Corbett, E. G.; Bartok, J. W., Jr.; Botacchi, 
A. Journal of Environmental Horticulture 
10(3):167-171. 1992. 

 
* 15 *  Effect of nitrogen and phosphorus avail-

ability on the growth response of Eucalyptus 
grandis to high CO2. Conroy, J. P.; Milham, P. 
J.; Barlow, E. W. R. Plant Cell and Environment 
15(7):843-847. 1992. 

 
16. Effect of nurseryJertilization on incidence of 

summer shoots and field perfornrance of 
Scots pine seedlings.  Rikala, R. Finnish Forest 
Research Institute, Folia Forestalia 794. 19 p. 
1992. In Finnish with English summary. 

 
17. Effects of exogenously supplied ammonium 

on root development of Scots Pine (Pinus 
sylvestris L.) seedlings. Vollbrecht, P.; 
Kasemir, H. I. Botanica Acta 105(4):306-312. 
1992. 

 
* 18*  Growth and phonology of seedlings of four 

contrasting slash pine families in ten nitrogen 
regimes. Dewald, L.; White, T. L.; Duryea, M. L. 

Tree Physiology 11(3):255269. 1992. 



 

SO Southern Forest Nursery Association 
Conference Proceedings, 1992. 135 p. Most 
papers are listed individually in this list. 

 ORDER FROM. Georgia Forestry Commission, 
P.O. Box 819, Macon, GA 31298-4599. Free. 

 

Genetics and Tree Improvement 
 
*27*  Genetic diversity -- seeing the forest through 

the trees. Conkle, M. T. New Forests 6:5-22. 
1992. Processing biochemical markers from 
individual trees provides ; means to resolve and 
measure genetic diversity. 

 
28. Impacts of tree improvement on nursery 

management: the next decade. White, T. 
Southern Forest Nursery Association Conference 
Proceedings 1992:22-29. 1992. 

 
*29*  Screening eucalypts for frost tolerance in 

breeding programs. Raymond, C. A.; Owen, J. 
V.; Eldridge, K. G.; Harwood, C. E. Canadian 
Journal of Forest Research 22(9):1271-1277. 
1992. 

 

Mycorrhizae 
 
30. Beneficial fungus increases yields, profits in 

commercial production. Baker, R. Greenhouse 
Manager 11(7):105. 1992. 

 
*31 *  Relationship between biomass of the 

mycorrhizal fungus Pisolithus tinctorius and 
phosphorus uptake in loblolly pine .seedlings. 
Rousseau, J. V. D.; Reid, C. P. P.; English, R. J. 
Soil Biology and Biochemistry 24(2):183-184. 
1992. 

 
32. Synthesis of ectomycorrhizae on northern red 

oak seedlings in a Michigan nursery. Dixon, R. 
K.; Johnson, P. S. Journal of Arboriculture 

18(5):266-272. 1992. 
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*33*  Vesicular-arbuscular mycorrhizal fungi induced 
alteration in poplar root system morphology. 
Hooker, J. E.; Munro, M.; Atkinson, D. Plant and 
Soil 145(2):207214. 1992. 

 
SO Ecophysiology of ectomycorrhizae of forest 

trees. Soderstrom, B.; Read, D. J.; Marx, D. H. 
Marcus Wallenberg Foundation, Symposia 
Proceedings 7. 90 p. 1992. Lectures given 
September 26, 1991, at the presentation of the 
Marcus Wallenberg Prize to Donald H. Marx. 
Lecture titles are: The fungal partner in the 
mycorrhizal symbiosis; The role of the mycorrhizal 
symbiosis in the nutrition of plant communities; 
The practical significance of ectomycorrhizae in 
forest establishment. 

 ORDER FROM:  Marcus Wallenberg 
 Foundation, 5-791 80 Falun, Sweden. Free. 
 

Nursery Structures and 
Equipment 

 
34. Are there ways for your operation to save on 

production equipment? Bartok, J. W., Jr. 
Greenhouse Manager 11(7):107. 1992. 

 
35. Energy awareness month: a chance to test 

your greenhouse equipment.  Bartok, J. W., Jr., 
Greenhouse Manager 11(6):117. 1992. 

 
36. Heat retention, energy costs depend on 

greenhouse covering materials. Freeman, R. N. 
Greenhouse Manager 11(7):99-100. 1992. 

 
37. Measuring plant and soil waterpotentials with 

thermocouple psychrometers: some concerns. 
Brown, R. W.; Oosterhuis, D. M. Agronomy Journal 

84(1):78-86. 1992. 
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Outplanting Performance 
 
*38*  Evaluation of a sequential counting plan for 

point-density estimation within black 
sprucelbalsam fir seedling populations. 
Newton, P. F.; LeMay, V. M. Forest Ecology and 
Management 53(1- 4):195-212. 1992. 

 
*39*  Outplanting survival of Cyfindrocladium root 

rot affected black spruce seedlings. Saunders, 
J. E.; Juzwik, J.; Hutchison, R. Canadian Journal 
of Forest Research 22(8):1204-1207. 1992. 

 

Pest Management 
 
40. Alternative treatments to methyl bromide. 

Chapman, W. Southern Forest Nursery 
Association Conference Proceedings 
1992:96-104. 1992. Discusses experiences at 
MacMillan Bloedel nursery. 

 
41. Disease control and the environment.  Brown, 

E. A. Southern Forest Nursery Association 
Conference Proceedings 1992:11 I -112. 1992. 

 
*42*  The effects of fir coneworm, Dioryctria 

abietivorella (Grote) (Lepidoptera: Pyralidae), 
on seed production in small, isolated 
populations of red pine, Pinus resinosa Ait. 
Mossler, A.; Roberts, B. A.; Tricco, P. Forest 
Ecology and Management 53(1-4):15-27. 1992. 

 
43. Fungal pathogens in Pinus and Eucalyptus 

seedling nurseries in South Africa: a review. 
Viljoen, A.; Wingfield, M. J.; Crous, P. W. South 

African Forestry Journal 161:45-51. 1992. 

44. Integrated pest management of greenhouse 
crops in northern Europe. Sunderland, K. D.; 
Chambers, R. J.; Helyer, N. L.; Sopp, P. I. 
Horticultural Reviews 13:1-66. 1992. Covers spider 
mites, whiteflies, thrips, aphids, leafminers, 
leafhoppers, tarsonemid mites, darkwinged fungus 
gnats, vine weevils and caterpillars. 

 
45. Management of pathogens in seed orchards 

and nurseries. Sutherland, J. R. Forestry 
Chronicle 67(5):481-485. 1991. 

 
*46*  Management of the antagonistic potential in 

agricultural ecosystems for the biological 
control of plant parasitic nematodes. Sikora, R. 
A. Annual Review of Phytopathology 30:245- 270. 
1992. 

 
47. A new post-emergence damping off disease of 

Eucalyptus seedlings. Harsh, N. S. K.; Dadwal, 
V. S.; Jamaluddin. Indian Forester 118(4):279-283. 
1992. 

 
48. Practical IPM. Studebaker, D. W. American 

Nurseryman 176(7):41-55. 1992. An Ohio grower 
explains the mechanics of an effective and 
economical IPM system. 

 
49. Response of Fusarium solani f. sp. pisi and 

Pythium ultimum to glyphosate. Kawate, M. K.; 
Kawate, S. C.; Ogg, A. G.; Kraft, J. M. Weed 
Science 40(3):497-502. 1992. 

 
50. Susceptibility of maples to root-know 

nematodes. Santamour, F. S., Jr. Journal of 
Arboriculture 18(5):262-265. 1992. 

 
51. Use of a soilless growing medium does not 

guarantee pest- free plants. Lawson, R. H.; 
Dienelt, M. M. Greenhouse Manager 

11(6):115-116. 1992. 
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SO Methods of applying herbicides. McWhorter, C. 
G.; Gebhardt, M. R. Weed Science Society of 
America, Monograph 4. 358 p. 1987.  
ORDER FROM:   Weed Science Society of 
America, 309 West Clark St., Champaign, IL 
61820. Price: $35.00. Prepayment required. 

 

Pesticides 
 
52. EPA releases re-entry rule: intervals depend 

on toxicity of chemicals. Greenhouse Manager 
11(6):100-102. 1992. 

 
53. Health effects enter the Benlate fray. Klassen, 

P. Greenhouse Grower 10(14):56-58. 1992. The 
Benlate controversy continues with new claims of 
worker health problems and residual breakdown 
compounds. 

 
54. Pesticide issues fir 1992. Taylor, J. W., Jr. 

Southern Forest Nursery Association Conference 
Proceedings 1992:104-110. 1992. 

 
55. The USDA-ARS pesticide properties database: 

a consensus data set for modelers. Herner, A. 
E. Weed Technology 6(3):749-752. 1992. 
Contains information on physical properties of 
various pesticides, including data on soil 
breakdown which relates to the potential for 
contamination of ground water. 

 
SO Currently registered pesticides for use in tree 

nurseries in the Pacific Northwest. Hildebrand, 
D. M.; Smith, G. K. USDA Forest Service, Pacific 
Northwest Region. 69 p. 1992. 

 ORDER FROM: USDA Forest Service, Forest 
Pest Management, 333 SW First Avenue, 

Portland, OR 97208. Free. 

Seedling Harvest and Storage 
 
*56*  A note on root development, bud activity, and 

survival of Douglas-fir, and survival of 
western hemlock and noble fir seedlings, 
following exposure to ethylene during cold 
storage.  Blake, J. I.; Linderman, R. G. Canadian 
Journal of Forest Research 22(8):1195-1200. 
1992. 

 
57. Some methods of cold storage can seriously 

affect root growth potential and root moisture 
content and subsequent forest performance 
of Sitka spruce and Douglas fir transplants. 
Sharpe, A. L.; Mason, W. L. Forestry 
65(4):463-472. 1992. 

 

Seedling Physiology and 
Morphology 

 
*58*  Analysis of freezing in buds of Douglas fir 

seedlings by simultaneous detection of 
ultrasonic emissions and differential thermal 
analysis. Stushnoff, C.; Tinus, R. W.; Esensee, 
V. D. Canadian Journal of Forest Research 
22(9):1305-1309. 1992. 

 
59. Controlling loblolly pine seedling growth 

through carbon metabolism regulation rather 
than mechanical procedures.  Kormanik, P. P.; 
Sung, S. S.; Kormanik, T. L. Southern Forest 
Nursery Association Conference Proceedings 
1992:6-11. 1992. 

 
60. Distinction between white spruce and black 

spruce during the early stages of seedling 
growth. Templeton, C. Ontario Ministry of 
Natural Resources, Nursery Note 125. 3 p. 1992. 

 
*61 *  Electrical impedance of white spruce shoots 

in relation to pressure-volume analysis and 
free sugar content.  Colombo, S. J.; Blumwald, 
E. Plant Cell and Environment 15(7):837-842. 
1992. 



 

*62* Electrolyte leakage from fine roots of conifer 
seedlings: a rapid index of plant vitality 
following cold storage. McKay, H. M. Canadian 
Journal of Forest Research 22(9):1371-1377. 
1992. 

 
63. Flattened root form in red pine transplants: an 

example of fasciation? Mohammed, G.; Reese, 
K.; Greifenhagen, S. Ontario Ministry of Natural 
Resources, Nursery Note 124. 5 p. 1992. 

 
64. Formation and spread of ice in plant tissues. 

Ashworth, E. N. Horticultural Reviews 
13:215-255. 1992. 

 
65. Hardwood seedling root morphology and 

nursery practices. Schultz, R. C.; Thompson, J. 
R. Southern Forest Nursery Association 
Conference Proceedings 1992:31-53. 1992. 

 
*66*  Leaf water status and root system water flux 

of shortleaf pine (Pinus echinata Mill.) 
seedlings in relation to new root growth after 
transplanting. Brissette, J. C.; Chambers, J. L. 
Tree Physiology 11(3):289303. 1992. 

 
67. Moisture stress and root volume influence 

transplant shock in 2+0 Douglas fir seedlings. 
Haase, D. L.; Rose, R. Society of American 
Foresters, proceedings 1991:532-533. 1992. 

 
*68*  NMR imaging of roots: effects after root 

freezing of containerized conifer seedlings. 
Southon, T. E.; Mattsson, A.; Jones, R. A. 
Physiologia Plantarum 86(2):329-334. 1992. 

 
*69*  Relationship between freezing tolerance and 

shoot water relations of western red cedar. 
Grossnickle, S. C. Tree Physiology 

11(3):229-240. 1992. 
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*70*  Seasonal differences in freezing stress 
resistance of needles of Pinus nigra and Pinus 
resinosa: evaluation of the electrolyte leakage 
method. Sutinen, M. L.; Palta, J. P.; Reich, P. B. 
Tree Physiology 11(3):241-254. 1992. 

 
*71 *  Transplanted red oak seedlings mediate 

transplant shock by reducing leaf surface area 
and altering carbon allocation. Struve, D. K.; 
Joly, R. J. Canadian Journal of Forest Research 
22(10):1441-1448. 1992. 

 
*72*  Whole plant C02 exchange of seedlings of two 

Pinus sylvestris L. provenances grown under 
simulated photoperiodic conditions of SO 
degrees and 60 degrees.  N. Oleksyn, J.; 
Tjoelker, M. G.; Reich, P. B. Trees: Structure and 
Function 6(4):225-231. 1992. 

 

Seeds 
 
73. Chemical enhancementofgermination in curly 

mesquite seed. Ralowicz, A.; Mancino, C.; Kopec, 
D. Journal of Range Management 45(5):507-508. 
1992. 

 
74. Effect of cold stratification on the germination 

and growth of jack pine and black spruce.  
Buse, L. J. Ontario Ministry of Natural Resources, 
Northwestern Ontario Forest Technology 
Development Unit, NWOFTDU Technical Report 
67. 35 p. 1992. 

 
75. Effect of kinetin on spruce seed germination. 

Singly V. Indian Forester 118(4):296299. 1992. 



 

76. Effects of temperature and temperature 
preconditioning on seedling performance of 
whitehark pine. Jacobs, J.; Weaver, T. IN: USDA 
Forest Service, Intermountain Research Station, 
General Technical Report INT-270, p. 134-139. 
Schmidt, W.C. and McDonald, K.J., compilers. 
Proceedings-symposium on whitebark pine 
ecosystems: ecology and management of a 
high-mountain resource. 1990. 

 
*77*  Germination of two warm-temperate oaks, 

Quercus emoryi and Quercus arizonica. 
Nyandiga, C. O.; McPherson, G. R. Canadian 
Journal of Forest Research 22(9):13951401. 1992. 

 
78. Hardwood seed. Bonner, F. T. Southern Forest 

Nursery Association Conference Proceedings 
1992:67-90. 1992. 

 
*79*  Light and temperature action in germination 

of'seeds of the empress tree (Paulownia 
tomentosa). Grubisic, D.; Konjevic, R. Physiologia 
Plantarum 86(3):479-483. 1992. 

 
80. Physical and chemical treatments to improve 

germination of whitebark pine seeds.  Pitel, J. 
A.; Wang, B. S. P. IN: USDA Forest Service, 
Intermountain Research Station, General Technical 
Report INT-270, p. 130-133. Schmidt, W.C. and 
McDonald, K.J., compilers. Proceedings---
symposium on whitebark pine ecosystems: ecology 
and management of a high-mountain resource. 
1990. 

 
81. Preplant physiological seed conditioning. Khan, 

A. A. Horticultural Reviews 13:131181. 1992. 
Discusses seed hydration, presoaking, 
humidification, osmotic conditioning, 
pregermination, hardening, and humidification. 

 
82. Pre-treatment of teak seed to enhance 

germination. Yadav, J. P. Indian Forester 
118(4):260-264. 1992. 
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83. Seed yield and quality from early cone 
collections in Newfoundland populations of 
black spruce and white spruce. Mosseler, A.; 
Tricco, P. Forestry Canada, Newfoundland and 
Labrador Region, Information Report N-X-281. 23 
p. 1991. 

 
84. Separating germinable and nongerminable 

seeds of eastern white pine (Pious strobus L.) 
and white spruce (Picea glauca [Moench] 
Voss) by the IDS technique. Downie, B.; 
Bergsten, U. Forestry Chronicle 67(4):393-396. 
1991. 

 
*85*  Upgrading germinability and vigor of jack pine, 

lodgepole pine, and white spruce by the IDS 
technique. Downie, B.; Wang, B. S. P. Canadian 
Journal of Forest Research 22(8):1124-1131. 
1992. 

 
SO Seed manual for forest trees. Gordon, A. G. 

Great Britain Forestry Commission, Bulletin 83. 
132 p. 1992. Covers all phases of seed usage of 
commercial forestry species from source selection, 
through collection, processing, storage, to seed 
sowing. 

 ORDER FROM: HMSO Publications Centre, PO 
Box 276, London SW8 SDT U.K. Price: 1,10.95. 

 

Soil Management and Growing 
 Media 
 
86. Inhibition of water by rockwool meat container 

media amended with hydrophilic gel or wetting 
agent. Elliott, G. C. Journal of the American 
Society for Horticultural Science 11(5):757-761. 
1992. 

 
87. Mulch mania. Gouin, F. R. American Nurseryman 

176(7):97-99. 1992. Using mulch made from 
demolition wood and wood waste can harm plants 
by taking soil nitrogen and by introducing 
pathogens. 



 

88. Sewage sludge and refuse composts as peat 
alternatives for conditioning impoverished 
soils: effects on the growth response and 
mineral status of Petunia grandiflora. Smith, S. 
R. Journal of Horticultural Science 67(5):703-716. 
1992. 

 
89. These simple tests help determine whether you 

use the right medium.  Barrett, J. Greenhouse 
Manager 11(8):84. 1992. 

 

Tropical Forestry and 
Agroforestry 

 
90. Acacia tortilis seed treatment.  Shivkumar, P.; 

Bajpai, B. N. Nitrogen Fixing Tree Research 
Reports 10:110. 1992. 

 
92. Chlorophyll stability index method for 

determining drought hardiness of Acacia 
species. Sivasubramaniam, K. Nitrogen Fixing 
Tree Research Reports 10:111- 112.  1992. 

 
91. Competition among native and introduced 

strains of Rhizobium loti for modulation of 
Leucaena esculenta. Velazquez, M.; Valdez, V.; 
Robles, C.; Garcia-Castaneda, M. T. Leucaena 
Research Reports 12:66-69. 1991. 

 
92. The effects of seed pretreatment on the 

germination of 17 Leucaena taxa. Hawkins, T. 
H.; Ochoa, O. Leucaena Research Reports 
12:19-22. 1991. 

 
93. Effects of seed size on seedling vigour in 

idigbo (Terminalia ivorensis). Oni, O.; Bada, S. 
O. Journal of Tropical Forest Science 
4(3):215-224. 1992. 

 
94. Establishment of Leucaena leucocephala and 

Gliricidia sepium from step: cuttings.  Litzow, 
D. R.; Shelton, H. M. Leucaena Research Reports 
12:3-6. 1991. 

*95*  Field nursery inoculation of Hevea 
brasiliensis Muell. Arg. seedling rootstock 
with vesicular-arbuscular mycorrhizal (VAM) 
fungi. Ikram, A.; Mahmud, A. W.; Ghani, M. N.; 
Ibrahim, M. T.; Zainal, A. B. Plant and Soil 
145(2):231-236. 1992. 

 
96. Flemingia congesta seed scarification 

methods. Ortiz, R. A.; Fernandez, O. Nitrogen 
Fixing Tree Research Reports 10:167- 168. 
1992. 

 
97. Fusarium wilt of Dalbergia sissoo Roxb. 

seedlings. Harsh, N. S. K.; Tiwari, C. K.; Nath, 
V. Indian Journal of Forestry 15(1): 64-67. 1992. 

 
98. Growth responses of Leucaena to vesicu-

lar-arbuscular mycorrhizal inoculation. 
Newton, de L. C.; Paulino, V. T.; Veasey, E. A.; 
Leonidas, F. das C. Leucaena Research Reports 
12:12-13. 1991. 

 
99. Influence of light quality on growth and 

rooting of Acacia tortilis, a tree species of 
semiarid East Africa. Dick, J. M.; East, K. 
Nitrogen Fixing Tree Research Reports 
10:97-101. 1992. 

 
* 100* A leaf phosphorus assay for seedlings of 

Acacia mangium.  Sun, J. S.; Simpson, R. J.; 
Sands, R. Tree Physiology 11(3):315324. 1992. 

 
101. Mechanical cleaning of Prosopis seed. 

Pasiecznik, N.; Felker, P. Nitrogen Fixing Tree 
Research Reports 10:186-187. 1992. 

 
102. A new grafting technique for Erythrina, 

Leucaena, and possibly other nitrogen fixing 
tree species. Brennan, E. B. Nitrogen Fixing 
Tree Research Reports 10:85-88. 1992. 

 
103. The nursery performance of thirty-nine 

Leucaena seedlots in Honduras. Hellin, J. J.; 
Gomez R., R. Leucaena Research Reports 
12:23-25. 1991. 
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104. Rooting of Casuarina equisetifolia Cladode 
cuttings as influenced by season and auxins. 
Gurumurti, K.; Rawat, P. S. Nitrogen Fixing Tree 
Research Reports 10:13 7-140. 1992. 

 
105. Seed attributes in relation to their position in 

the pod and its influence on seedling 
establishment of four ornamental tree species.  
Srimathi, P.; Swaminathan, C.; Sivagnanam, K.; 
Surendran, C. Journal of Tropical Forest Science 
4(3):245-248. 1992. 

 
106. Stimulation of adventitious root regeneration 

on leafy shoot cuttings of neem (Azadirachta 
indica) by auxin and phenols. Pal, M.; Badola, 
K. C.; Bhandari, H. C. S. Indian Journal of Forestry 
15(1):68-70. 1992. 

 
107. The symbiotic association between vesicu-

lar-arbuscular mycorrhizal fungi and Leucaena 
leucocephala.  Aziz, T.; Sylvia, D. M. Leucaena 
Research Reports 12:111-118. 1991. 

 

Vegetative Propagation and 
Tissue Culture 

 
108. Age of hybrid poplar stools at first cut 

influences third- year cutting production. 
Tolsted, D.; Hansen, E. USDA Forest Service, 
North Central Forest Experiment Station, 
Research Note NC-357. 3 p. 1992. 

 
109. Cultural practices for the production of radiata 

pine cuttings in Australia.  Duryea, M. L.; 
Boomsma, D. B. Southern Forest Nursery 
Association Conference Proceedings 1992:12. 
1992. 

 
*110* Morphological features as indicators of 

maturity in acclimatized Pinus pinaster from 
different in vitro origins.  Monteuuis, O.; Dumas, 
E. Canadian Journal of Forest Research 
22(9):1417-1421. 1992. 
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111. Promising future for radiata pine cuttings. 
Menzies, M.; Klomp, B.; Holden, G. New Zealand 
Ministry of Forestry, Forest Research Institute, 
What's New in Forest Research no. 212. 4 p. 1991. 

 
112. Tissue culture may introduce Mexican redbud 

to urban uses.  Neal, K. Nursery Manager 
8(12):40,42. 1992. 

 

Water Management and Irrigation 
 
113. Ebb and flood systems: designs on pathogen 

control.  Fynn, R. P.; Hoitink, H.; McMahon, R. 
Greenhouse Grower 10(12):22-24. 1992. 

 
114. Harnessing nursery runoff.  Rackley, J. 
 American Nurseryman 176(7):30-37. 1992. 
 
115. Improving overhead irrigation. Regan, R. 
 American Nurseryman 176(9):45-51. 1992. 
 
116. Recycling water, nutrients, and waste in the 

nursery industry.  Skimina, C. A. HortScience 
27(9):968-971. 1992. 

 

Weed Control 
 
*117* Herbicide interactions with fungal root 

pathogens, with special reference to 
glyphosate.  Levesque, C. A.; Rahe, J. E. Annual 
Review of Phytopathology 30:579-602. 1992. 
Sublethal doses of herbicides may either protect or 
predispose crops to disease. 

 
118. History of herbicide-tolerant crops, methods of 

development and current state of the art -- 
emphasis on glyphosate tolerance. Kishore, G. 
M.; Padgette, S. R.; Fraley, R. T. Weed 
Technology 6(3):626634. 1992. 

 
119. History of identification of herbicideresistant 

weeds. Holt, J. S. Weed Technology 6(3):615-620. 

1992. 
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120. Quantification of weed seed contamination and 
weed development in container nurseries. 
Cross, G. B.; Skroch, W. A. Journal of 
Environmental Horticulture 10(3):159161. 1992. 

 
121. Rationale for developing herbicide-resistant 

crops.  Burnside, O. C. Weed Technology 
6(3):621-625. 1992. 

 
* 122* The status of biological control of weeds with 

fungal pathogens. Te Beest, D. O.; Yang, X. B.; 
Cisar, C. R. Annual Review of Phytopathology 
30:637-657. 1992. 

 
123. Weed control in woody nursery plants.  McNiel, 

R. E.; Weston, L. A. American Nurseryman 

176(10):81-82. 1992. 



Horticultural Humor 
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Literature Order Form 
 

Please fill out a separate order form for each person ordering literature (copy this form). Circle the articles in which you 

are interested. For items that require a copyright fee, you will receive the title page with the abstract and ordering 

instructions. If you have questions about your literature orders, please contact "FSINFO Northwest": PHONE: 

206-553-1076; FAX: 206-553-1190. 

 

Name _____________________________________________________________________________________________  

Position ____________________________________________________________________________________________  
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Department_________________________________________________________________________________________  
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RETURN TO: 
Tom D. Landis, 
Western Nursery Specialist 
USDA--Forest Service, CF 
P.O. Box 3623 
Portland, OR 97208-3623 U.S.A. 
FAX: 503-326-5569 
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