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Nursery Meetings
This year’s meeting of the Western Forest and Conservation Nursery Association will be held at the Hilton Garden Inn Cherry Creek in Denver, CO on August 16 to 18, 2011. The meeting theme will be Optimizing Seedling Production,
Nursery Marketing, and Outplanting Success, and two field trips will visit the
Denver Botanic Gardens and restoration projects at the Rocky Mountain Arsenal
National Wildlife Refuge. The last day will be an IPM workshop on Pest Management in Forest and Conservation Nurseries: Safety, Strategies, and Policies. Pesticide applicator credits will be available for western states. For more information
or a copy of the meeting brochure, go to the Western Forestry & Conservation
Association website: http://www.westernforestry.org/

The combined meeting of the Southern Forest Nursery Association & Northeastern Forest and Conservation Nursery Associations is being jointly hosted
by the Kentucky Division of Forestry and the West Virginia Division of Forestry
and will be held in Huntington, WV on July 26 to 28, 2011. The theme for this
year’s meeting will be forest reclamation and reforestation and will include both
presentations and field sessions. Another popular topic will be the latest information on soil fumigation. Two field trips will provide an inside look into nurseries
operations and mine site reclamations, and will be followed by an evening BBQ.
For more information or a copy of the meeting brochure, go to the Western Forestry & Conservation Association website: http://www.westernforestry.org/

This year’s meeting of the Western Region of the International Plant Propagators’ Society will be held at the
Radisson Hotel in Sacramento, CA on September 21 to 24, 2011. The technical agenda is still being developed
but is always an eclectic mix of interesting information on all aspects of nursery work. A pre-conference tour will
explore the Sierra Nevada Mountains with an emphasis on revegetation research and native plant nursery production. Tours will visit Cornflower Farms, Matsuda’s, the USDA NRCS Plant Materials Center in Lockeford, and
several stops at the University of California at Davis: Foundation Plant Services, the Storer Arboretum, the Robert
Mondovi Institute for Wine and Food Science, and the Good Life Garden.
The 40th Atlantic Forest Nursery and Seed Orchard Workshop is being hosted by the J Frank Gaudet Tree Nursery on Prince Edward Island and will be held on September 27 to 28, 2011 at Shaw’s Hotel in Brackley Beach. One
of the agenda items to be discussed is Climate Change as it Relates to Native Species but other topics are also being
solicited. For more information, contact Bill Butler at website: wabutler@gov.pe.ca, or FAX: 902.368. 4713.
An International Union of Forest Research Organizations (IUFRO) symposium on Restoring Forests: Advances in Techniques and Theory will be held on September 27 to 29, 2011 in Madrid, SPAIN. The agenda is still
being finalized but sessions on Producing Plant Materials to Reduce Stress and Site Preparation for Restoration
will be of particular interest to FNN readers. Participants interested in giving a presentation or poster are invited
to submit an abstract through the Restoring Forests website (www.restoringforests.net). This website will also be
updated regularly with the latest information on agenda topics and registration.
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Preventing Heat Stress
by Thomas D. Landis

Diagnosing Illnesses Caused by
Exposure to Heat

It’s that time of the year when nursery workers are exposed to long hours in the sun, and are therefore at risk
to a number of heat-related illnesses. Heat stress is a
function of both environmental conditions and personal conditioning. Four environmental factors contribute
to heat stress: air temperature, humidity, wind velocity,
and radiant heat. People vary in susceptibility to heat
with age, gender, weight, physical condition, medical
history, and degree of acclimation.

Excessive heat exposure can cause a variety of illnesses,
which can vary greatly between individuals. The major
illnesses are listed by their order of severity (Table 1).
Heat fatigue is the least serious heat-related condition,
and common symptoms include impaired performance
of skilled sensory, mental, or vigilance jobs, and is often
due to a lack of acclimatization. Therefore, developing
of a program of acclimatization and training for work
in hot environments is advisable. There is no treatment
for heat fatigue except to get away from the heat stress
before a more serious condition develops.

How the Body Handles Heat. The human body, being
warm blooded, maintains a fairly constant internal
temperature, even though it is being exposed to varying environmental temperatures. To keep internal body
temperatures within safe limits, the body must get rid
of its excess heat, primarily through varying the rate
and amount of blood circulation through the skin and
the release of fluid onto the skin by the sweat glands.
These automatic responses usually occur when the temperature of the blood exceeds 98.6 ˚F (37 ˚C) and are
kept in balance and controlled by the brain. In this process of lowering internal body temperature, the heart
begins to pump more blood, blood vessels expand to
accommodate the increased flow, and the microscopic
capillaries dissipate heat to the environment. If heat loss
from increased blood circulation through the skin is
not adequate, the brain senses overheating and signals
the sweat glands to emit sweat onto the skin surface.
Evaporation of sweat cools the skin, eliminating large
quantities of heat from the body (NIOSH 1986).

Heat rashes are the most common problem in hot
work environments. Prickly heat is manifested as red
papules and usually appears in areas where the clothing is restrictive or where body parts rub. As sweating
increases, these papules give rise to a prickling sensation. Prickly heat occurs in skin that is persistently wetted by unevaporated sweat, and heat rash papules may
become infected if they are not treated. In most cases,
heat rashes will disappear when the affected individual
returns to a cool environment.
Heat cramps are usually caused by performing hard
physical labor in a hot environment. Cramps are
thought to be triggered by an electrolyte imbalance due
to excess sweating, but they can be caused by either too
much or too little salt. Instead, heat cramps appear to
be caused by the lack of water replenishment; excess
salt can build up in the body if the water lost through
sweating is not replaced. Under extreme conditions,
such as working in heavy protective gear, a loss of
sodium may occur. Recent studies have shown that
drinking carbohydrate-electrolyte replacement liquids
is effective in preventing or treating heat cramps.

The effectiveness of sweating greatly depends on atmospheric conditions, especially humidity and wind speed.
As atmospheric humidity increases or wind speed
decreases, evaporation of sweat from the skin slows
until at very high humidities, the body sweats profusely
with little beneficial cooling. With so much blood going
to the external surface of the body, relatively less goes
to the active muscles and the brain, resulting in fatigue
and loss of mental acuity. In extreme cases, fainting can
result from overheating. Workers who perform precise
or detailed work may find their accuracy suffering, and
their comprehension and retention of information may
diminish.

Heat exhaustion is characterized by symptoms such as
headache, nausea, vertigo, weakness, thirst, and giddiness. Fortunately, this condition responds readily
to prompt treatment. Heat exhaustion should not be
dismissed lightly, however, for several reasons. One is
that the fainting associated with heat exhaustion can
be dangerous under many work conditions. Of greater
concern is that the signs and symptoms of heat exhaus-
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Type of Illness
Mild Heat Stress

Heat Rash

("Prickly Heat")

Heat Cramps

Heat Exhaustion

Summer 2011

Treatment

Signs and Symptoms
• Dizziness, fatigue, or irritability
with decreased concentration
and impaired judgement

• Loosen clothing

• Tiny, blister-like red spots on the
skin with prickling or itching.
*Common on clothed areas of body

• Wash skin and apply lotion or corn starch

• Heavy sweating; painful spasms
of legs, arms, or abdominal muscles;
can occur after strenuous work

• Loosen clothing

• Profuse sweating, fatigue, headache,
dizziness, nausea, chills, fainting

• Move patient to shade and make them recline and rest

• Pale, cool skin; excessive thirst,
dry mouth; dark yellow urine

• Encourage patient to drink water, but do not give salt

• Rest in shade
• Drink water

• See physician if rash persists

• Drink lightly salted liquids or sports drinks
• Massage affected muscles

• Loosen and moisten clothing, and fan to cool body
• If patient becomes unconscious, treat for heat stroke

• Fast pulse, with body temperature
from 99.5 to 101.3°F (38 to 39°C)

Heat Stroke

** Life-threatening
Emergency **

• Often develops suddenly

• Move patient to shade and wrap body with wet cloth
and fan to cool

• Headache, dizziness, confusion,
incoherent speech, irrational
or aggressive behavior

• Treat for shock by elevating legs
• Transport immediately to medical treatment facility

• Sweating may decrease or even stop
• Body temperature of more than 104°F (40°C)

• Encourage patient to drink water, but do not give salt

Table 1 - Heat Stress can be expressed in a variety of different illnesses that can be distinguished by specific signs,
symptoms, and treatments.
tion are similar to those of heat stroke, a medical emergency. Workers suffering from heat exhaustion should
be removed from the hot environment and given fluid
replacement, and encouraged to get adequate rest.

result. The elevated metabolic temperatures caused by a
combination of work load and environmental heat load,
both of which contribute to heat stroke, are also highly
variable and difficult to predict. The worker should be
placed in a shady area and the outer clothing should be
removed. The worker’s skin should be wetted and air
movement around the worker should be increased to
improve evaporative cooling until professional methods of cooling are initiated and the seriousness of the
condition can be assessed. Fluids should be replaced as
soon as possible. The medical outcome of an episode
of heat stroke depends on the victim’s physical fitness
and the timing and effectiveness of first aid treatment.
Regardless of their protests, no employee suspected of
being ill from heat stroke should be left unattended or
sent home until examined by a physician.

Heat stroke is the most serious condition, which
occurs when the body’s system of temperature regulation fails and body temperature rises to critical levels.
Heat stroke is caused by a combination of highly variable factors, and its occurrence varies greatly between
individuals. Heat stroke is a medical emergency, so if a
worker shows signs of possible heat stroke, professional
medical treatment should be obtained immediately.
The primary symptoms of heat stroke are confusion,
irrational behavior, loss of consciousness, convulsions,
and a hot, dry skin. The most diagnostic symptom is an
abnormally high body temperature — a rectal temperature of 106 °F (41°C). In such extreme cases, death can
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Managing Heat-Related Problems
Avoiding heat stress is the common responsibility of
the nursery manager and the workers, so regular training is essential. A comprehensive heat safety program
should consist of six steps:
Assign responsibility - Make sure that someone takes
the lead in the program. Ideally, one field worker
should be appointed a safety coordinator and receive
special training, but everyone should be taught to look
out for each other.
Hold seasonal training - All new workers, and especially supervisors, should be trained in the recognition,
prevention, and treatment of heat-related problems.
Refresher courses should be given at the beginning of
each season and work crews should be reminded with
periodic tail-gate sessions and posters. A wide variety
of training aids and posters are available from the Occupational Health and Safety Administration (OSHA)
of the US Department of Labor (Figure 1). Many other
training aids are available on the internet in both English and Spanish. One particularly good resource for
tailgate training is Heat Hazards in Agriculture (Teran
2008).
Acclimatize workers - The human body needs time
to adapt to working in the sun and heat, and this is
particularly important for new employees. Acclimatization is a physiological process where the body adapts
to the type of work and ambient heat levels, improving
the circulation system and salt balance. It usually takes
about two weeks, although individuals acclimatize
at different rates. Everyone, regardless of their age or
physical condition needs time to acclimate to heat, so
don’t assume that someone in good physical shape will
naturally be more heat tolerant.
Adjust for weather conditions and type of work Work assignments should take into account weather,
workload, the physical condition of the worker, and if
special protective clothing will be worn. Watch weather
forecasts and monitor conditions at the work site, and
then adjust the job accordingly. Assign tasks based on
ability, acclimatization, and general health. Schedule
work during cooler hours of the morning and evening,
and postpone strenuous jobs during unseasonably hot
weather. Because pesticide application requires protective clothing that can rapidly create heat stress, schedule this work for early in the morning or late in the
evening. Schedule frequent water and rest breaks and
provide shade.

Figure 1 - A wide variety of training aids and posters
are available from the Occupational Health and Safety
Administration (OSHA) of the US Department of Labor.
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Establish a drinking water program - Dehydration is
the primary cause of heat-related illnesses, so replacing
water loss through sweating is the single most important factor of a heat safety program. The human body
contains about 5 quarts (4.7 l) of blood (mostly water),
which helps cool the body by conducting heat produced by the muscles to the skin surface. The amount
of water that is needed to prevent dehydration varies
between individuals, and is affected by temperature,
humidity, and the type of work. An average person
requires 6 to 10 quarts (5.7 to 9.5 l) of water on a hot
summer day. Because the feeling of being thirsty always
lags behind actual dehydration, workers should be
trained to drink some water before starting the job, and
then drink more “by the clock’’. That’s at least one cup
(about 0.25 l) of water every 30 minutes under average conditions, and more when temperatures increase
(Figure 2). Chugging water to quench an intense thirst
makes no more sense than pouring water on an already
wilted plant. Water temperature should be cool but not
cold, and plain water is generally preferable to other
types of liquid, including sports drinks.

Make proper clothing a condition of employment Heavy clothes trap heat near the body and dark colors
absorb the most sunlight so encourage workers to wear
light-colored, loose-weave cotton garments. Hats or
visors should be required when working outdoors.

References and Sources of
Additional Information
National Institute for Safety and Occupational Health.
1986. Working in hot environments NIOSH Publication No. 86-112. 6 p. Available at: http://www.cdc.gov/
niosh/hotenvt.html (accessed 29 Jul 2010).
Rosenberg H. 2008. Battling heat stress in the 2008
legal context. Berkeley (CA): University of California,
Cooperative Extension. Available at: http://news.ucanr.
org/mediakits/Heat/battlingheat.shtml (accessed 29 Jul
2010).
Teran S. 2008. Heat hazards in agriculture: a guide for
employers to carry out tailgate training for workers.
Berkeley (CA): University of California, Labor Occupational Health Program. 44 p. Available at: http://www.
lohp.org (accessed 29 Jul 2010).

Salt tablets should not be taken with water. The average
American diet contains sufficient salt for acclimatized
workers even when sweat production is high. If, for
some reason, salt replacement is required, the best way
to compensate for the loss is to add a little extra salt
during meals (NIOSH 1986)
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Figure 2 - Workers should
be trained to drink some
water before starting the job,
and then drink more “by
the clock’’. That’s at least one
cup (0.25 l) of water every
30 minutes under average
conditions, and more when
temperatures increase.
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Using Organic Fertilizers in Forest and Native
Plant Nurseries
by Thomas D. Landis

Types of Organic Fertilizers

Most fertilizers were organic until the early 20th century when the Haber Process allowed conversion of the
abundant nitrogen gas in our atmosphere into ammonia,
which can then be chemically converted into a vast array
of synthetic fertilizers (Wikipedia 2011a). Organics such
as animal manure and compost were the primary fertilizers mentioned in the first USDA Forest Service nursery
manual (Tillotson 1917) but, after the Second World
War, the new manmade fertilizers became predominant.
Statistics show that, in the early 1900s, 91% of nitrogen
fertilizers were organic but, by the 1950s, that percentage
had dropped to 3% (Jones 1982). In recent decades, however, organic farming continues to increase in popularity
and many new organic fertilizers have become available. Most forest and native plant nurseries haven’t used
organic fertilizers recently so I wanted to make sure that
you were aware of their potential.

For the purposes of our discussion, organic fertilizers
are materials that are both naturally-occurring and have
not been synthesized. I have divided organic fertilizers
into two general categories: animal or plant wastes, and
natural minerals (Figure 1).

What is an Organic Fertilizer?
When I started to gather information for this project, I
just assumed that someone in agriculture or horticulture had already addressed this subject and that I could
just modify their information for our purposes. Not
really. In fact, standard references such as Fertilizers
and Soil Fertility (Jones 1982) or the Western Fertilizer
Handbook (California Plant Health Association 2002),
offered no practical definition for organic fertilizers
and only contained a couple of paragraphs on organic
amendments After spending days researching the topic
I think that I know why: organic fertilizers are a very
complicated and confusing subject.

Figure 1 - The terminology of organic fertilizers is complicated and the various types can best be illustrated with
a flow chart.

Part of the confusion comes from terminology. As you
probably remember from college chemistry, an “organic” compound is one that contains carbon but this
really doesn’t have anything to do with organic fertilizers. When dealing with food production, the term
organic has a legal definition and a private, non-profit
organization known as the Organic Materials Review
Institute evaluates fertilizers for certified organic food
production (OMRI 2011). Because we are not growing
edible plants, however, forest and native plant nurseries are not bound by these regulations. So, let’s discuss
modern organic fertilizers and evaluate how they might
be used to grow forest and native plant crops.

Animal or Plant Wastes. These are the materials that
most people consider organic fertilizers and can be applied to crops directly or developed into a wide variety
of other processed fertilizers. One of the real attractions of these types of organic fertilizers is their use is
sustainable and has a positive environmental impact.
Unprocessed Organics. This category is by far the
largest and most complicated because many types of
organic matter have been used as fertilizers, including
animal manure, sewage sludge, peat moss, hopwaste,
9
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1). Solid fertilizers include many types of composts,
bloodmeal, bone meal, sewage sludge, and other more
exotic materials like feather meal and kelp extracts.
From a sustainability standpoint, almost any waste
organic matter can be composted and the composting process was discussed in the Summer 2008 issue
of Forest Nursery Notes (Landis and Khadduri 2008).
Although processed organic fertilizers are common in
organic farming, they haven’t been widely used in forest
or native plant nurseries. However, many new brands of
processed organic fertilizers are now available. Major horticultural supply firms such as A.H. Hummert
(www.hummert.com) carry the line of Bradfield Organics® fertilizers, which are marketed for specific crops
such as lawns or vegetables. For example, their Luscious
Lawn Corn Gluten (9-0-0) Organic Fertilizer is made
from the wet milling processing of corn and comes in
an easy-to-apply granular formulation. Interestingly
enough, corn gluten has also been shown to have preemergent herbicidal effects on some grasses (Christians
2011).

Figure 2 - Unprocessed organic matter, like this mushroom
compost, is the most familiar type of organic fertilizer. Any
organic material with a carbon-to-nitrogen ratio of less
than 10:1 is considered a fertilizer.
and a myriad of composts (Figure 2). If you’ll remember from the article on carbon-to-nitrogen ratios in the
last Forest Nursery Notes issue (Landis 2011), organic
materials with a C:N less than 10:1 are considered to be
fertilizers. Evaluating the fertilizer benefits of unprocessed organics is extremely difficult because these
materials have many other beneficial effects on crop
growth besides simple nutrition (Benzian 1965). For
example, animal manure can be a source of all the essential plant nutrients but organic matter also improves
the tilth, aeration, and water-holding capacity of the
soil, and also stimulates beneficial soil microorganisms.
Composted manure is not recommended for organic
vegetable crops due to concerns about leaching of high
levels of phosphorus, one of the leading causes of water
eutrophication (Sharpley and others 1994). Although
raw organic materials such as manure and compost
were considered the “most useful fertilizers” in historical times, they are not common in contemporary forest
nurseries (Armson and Sadreika 1979; van den Driessche 1984). Green manure crops, which have been used
for centuries to capture mineral nutrients, are also not
recommended for forest nurseries because of concerns
about disease pathogens (McGuire and Hannaway
1984). For those interested in more information on
using raw organic materials in bareroot nurseries, a
wealth of published information is available (Chaney
and others 1992; Rose and others 1995; Card and others
2009; Colorado State University Extension 2011).

Natural Mineral Fertilizers. This second major category of organic fertilizers includes minerals and some
organic materials that come directly from the earth.
Like all types of mining, obtaining these fertilizers is an
extractive process and unsustainable in the long term
(Figure 1). Still, we consider them as organic fertilizers
in this article since they are not chemically synthesized
and are components in many blended organic fertilizers. Because mining is not a sustainable process, the use
of these fertilizers is restricted in some types of organic
farming (Wikipedia 2011a).
Guano - Guano is the accumulated excrement of
seabirds or bats and has been used as a fertilizer since
the Incas collected it along the coast of Peru hundreds
of years ago. It is an excellent fertilizer due to high
levels of phosphorus and nitrogen and does not have
any noticeable odor. The best guano deposits are found
in very dry climates because rainwater leaches out the
nitrogen, and therefore desert coastal areas or islands
are ideal. Large populations of seabirds use these locations as their land base for resting and breeding so,
after many centuries, guano deposits can exceed several
meters in depth. Before the development of synthetic
fertilizers, guano was one of the primary sources of
fertilizer and wars have even been fought to control the
supply (Wikipedia 2011b). One of the largest mining
operations occurred on the small South Pacific island of
Nauru where centuries of deposition by seabirds created vast reserves of guano. Although very profitable, the

Processed Organics. This category includes any organic material that has been processed in some manner before used as a solid or liquid fertilizer (Figure
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A

mining operation had a relatively short lifespan, which
has had severe economic consequences on the local
population. Following its independence in 1968, Nauru
possessed the highest GDP per capita in the world but,
due to poor financial management, the country now is
economically dependent on Australia (US CIA 2011).
Rock phosphate - Natural deposits of fluoroapatite
are the raw material of most phosphate fertilizers and
are currently mined in North Africa, the former Soviet
Union, and in the several states in the US including
Florida, Idaho, Montana, Utah, and Tennessee. The raw
ore contains from 14 to 35% P2O5, and is processed
by grinding and washing into a fine granular fertilizer. Rock phosphate is very insoluble in water so isn’t
used in soluble formulations, but does made a decent
slow-release granular fertilizer (California Plant Health
Association 2002). Because of its low solubility, rock
phosphate has been recommended as an ideal phosphorus fertilizer to encourage mycorrhizal development
(Amaranthus 2011).

B

Sodium nitrate - This is a naturally occurring salt
(NaNO3), which is commonly known as Chilean or
Peruvian saltpeter due to the large caliche mineral
deposits found in both countries. It was first introduced
as a fertilizer in Europe in the early 1800s although
its primary use was for munitions. Later that century,
sodium nitrate became so valuable that a war was
waged between Chile, Peru, and Bolivia to control
the most valuable deposits (Wikipedia 2011c). In the
early 1900s, sodium nitrate was one of the few mineral
fertilizers mentioned for forest nursery crops (Tillotson
1917), and a top dressing of sodium nitrate was found
to stimulate slow-growing species such as Engelmann
spruce (Picea engelmannii) at the Savenac Nursery in
Montana (Wahlenberg 1930). Organic farmers have
long favored sodium nitrate as the fastest acting organic
fertilizer for top dressing during the growing season
(Hartz and Johnstone 2006). Although this fertilizer has
been used in organic farming for many years, several
organic certifying agencies conclude that mined mineral fertilizers conflict with basic organic principles. For
example, the USDA National Organic Program currently restricts use of sodium nitrate to no more than
20% of total annual nitrogen and requires that growers
phase out its use over time (Gaskell and Smith 2007).

Figure 3 - Natural minerals, such as sulfate of potashmagnesia (A), are mined from the earth and are marketed
as organic fertilizers (B) because they are naturally
occurring and not synthesized by humans.

Magnesium sulfate - Another naturally occurring
mineral is the well known Epsom salts or Kieserite.
Although more widely used for medicinal purposes,
magnesium sulfate (MgSO4) is a very soluble source of

the secondary macronutrients magnesium and sulfur
and has been used in the formulation of liquid fertilizers for container tree nursery crops (Landis and others
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1989).

2002). It was originally discovered in Germany and
contains soluble nutrients in the following ratio: 22%
potassium, 22% sulfur and 11% magnesium (Figure 3B).
Another common trade name is K-Mag Natural and this
product is ideal for supply potassium and sulfur without
any accompanying nitrogen. Sul-Po-Mag is a common
component in many blended organic fertilizers.

Sul-Po-Mag - This naturally occurring mineral is
technically known as sulfate of potash-magnesia or
langbeinite (Figure 3A), and is mined from marine
evaporite deposits (California Plant Health Association

A

Blended Organics. This is the newest category of
organic fertilizers, and products contain a mixture of
processed organic plant or animal wastes supplemented
with natural minerals (Figure 1). Blended organics aren’t
discussed in any fertilizer publication that I could find,
so I created this category myself. Therefore you won’t
find this term in the literature, but you can identify
blended organics by checking fertilizer labels. The best
source of information on all type of organics is the
internet. Many horticultural suppliers, such as Black
Gold® (www.blackgold.bz/), are getting into the organic
fertilizer market. For example, they offer an all-purpose
organic fertilizer (5-5-5), which contains processed
organics including bone and blood meal but also potassium sulfate, which is a natural mineral (Figure 4A).
Be sure to read the label of ingredients before purchasing a blended organic fertilizer because they can vary
considerably between products. If you want an organic
fertilizer made from sustainable materials, be aware that
many products contain natural minerals (Figure 4B).
Solid Fertilizers. Powdered or granular fertilizers
can be derived from unprocessed organics, processed
organics, natural minerals, or blended organics (Figure
1). Due to these highly variable sources, it’s best to just
discuss a couple of examples. Milorganite© (www.milorganite.com), which is manufactured from processed
sewage sludge from Milwaukee, WI. This granular
fertilizer was used in several USDA Forest Service nurseries in the past with good success, and the pros and
cons of using Milorganite© at Wind River Nursery in
Washington State are well documented (Dutton 1977).
Biosol® (6-1-3) is a blended organic fertilizer developed
from the fermentation of soybean and cottonseed meal,
and is a by-product of the pharmaceutical manufacture
of pencillin. To balance the nutrient content, Biosol®
is supplemented with Sul-Po-Mag. Although it has
never been used in forest or native plant nurseries to
my knowledge, Biosol has been successfully used as a
fertilizer in native plant restoration projects (Claassen
and Carey 2007).

B

Figure 4 - Blended organic fertilizers (A) contain both
processed organics and natural minerals, such as sulfate
of potash (B).

Liquid Fertilizers. This category of organic fertilizers can be derived from processed organics, natural
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Mineral Nutrient Analysis. Fertilizer analysis means
the N-P-K percentages that must be listed on the label.
Almost all organic fertilizers have relatively low analysis (Figure 4B) and the nitrogen percentage is rarely
above 15% and more typically in the range of 5 to 10%.
Higher analysis products are often supplemented with
natural minerals such as sodium nitrate.

minerals, or blended organics (Figure 1). One of the
first mentions of liquid organic fertilizers was the use
of a solution of sodium nitrate as a top dressing to
stimulate conifer seedling growth in a forest nursery
(Wahlenberg 1930). Again, most of these products are
so new that they aren’t discussed in standard fertilizer
texts, and the best and most current information on
liquid organic fertilizers can be found on-line. GrowOrganic (www.groworganic.com/) lists liquid organic
fertilizers that are developed from a variety of sources
including processed fish waste, soybean meal, kelp, and
even recycled foodstuffs. Many products are targeted to
specific crops but other are more general. For example,
Earth Juice Grow (2-1-1) is derived from bat guano,
kelp, sulfate of potash, feather meal, oat bran, blood
meal, and steamed bone meal (www.groworganic.com/
fertilizers). I could find no published information on
growing forest or native plant crops with liquid organic
fertilizers, but some work has been published on vegetable crops (Gaskell and Smith 2007). They conclude
that liquid organic fertilizers typically lack uniformity
because they are subject to settling and microbial
breakdown. The nutrient composition reported for the
liquid organic fertilizers includes organic material in
suspension that should be filtered to avoid plugging in
fertigation systems. Because of this variability and the
fact that application rates are typically given as simple
dilutions, it would be almost impossible to conduct
systematic research trials.

Range of Mineral Nutrients. On the other hand, one of
the major benefits of organic fertilizers is that they contain a full complement of all 13 mineral nutrients. Most
synthetic fertilizers, on the other hand, contain one or
only a few mineral nutrients, which makes it easier to
correct specific mineral deficiencies. Some of the newest synthetic fertilizers have been specially formulated
to contain the full range of mineral nutrients.
Nutrient Release Rate. Plants take up mineral nutrients from applied fertilizers in a two-step process.
First, the substance must be dissolved in water in the
soil solution. This is much easier and faster for synthetic fertilizers, many of which are formulated to be
soluble. Unprocessed organic fertilizers, such as manure, must first be broken down into smaller particles
by soil microorganisms and then converted to a soluble
form. Processed organics, such as compost, must still
undergo microbial decomposition before their nutrients are available to plants. Some of the newer, highly
processed organics are already soluble.
The second step in plant uptake is when the dissolved
ions are absorbed into the plant roots. Most plant
nutrients are taken up from the soil solution as ions,
which have either a positive electrical charge (cations),
or are negatively charged (anions). Some exceptions
occur. Boron is taken up as a entire molecule (boric
acid) and some metal micronutrients, such as iron
and manganese, can be taken up as organic complexes
known as chelates (Roy and others 2006). One of the
advantages of organic fertilizers is that micronutrients
are already organically chelated. Considerable research
has been directed as to determine whether organic
nitrogen molecules can be taken up by plants directly,
and limited uptake of organic nitrogen does occur. A
recent comprehensive literature review states that,
although labeled amino acids have proven that plants
can take up organic nitrogen, direct evidence that this
constitutes significantly to plant nutrition is lacking
(Nasholm and others 2009).

Comparison of Organic vs.
Synthetic Fertilizers
Because of the variability involved, it’s difficult to compare organic and synthetic fertilizers but some generalizations can be made (Table 1):
Factor

Organic

Synthetic

Mineral Nutrient Analysis

Low

High

Range of Mineral Nutrients

All

One to many

Nutrient Release Rate

Slower

Faster

Compatibility with
Beneficial Microorganisms

Yes

At low levels

Cost

More

Less
More concentrated

Handling

Bulkier

Ecological Sustainability

Yes

No

Water Pollution Risk

Low

High

Other Benefits

Improves soil
texture, encourages
soil microbes

Better for research

A recent research trial provides a good illustration of
the differences in nutrient uptake between organic and
synthetic fertilizers (Claassen and Carey 2007). The

Table 1 - Comparison of attributes of organic and
synthetic fertilizers.
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Figure 5 - Nutrient release rate
is one of the most important
considerations when comparing
fertilizers.
This test shows that soluble
synthetic fertilizers (Group 1)
have the most rapid release
of nitrogen, controlled release
synthetic fertilizers (Group 2)
release nitrogen slower but both
synthetics have similar final
release rates.
The nitrogen release rates of
organic fertilizers (Groups 3&4)
are extremely variable with the
municipal composts (Group 4)
being the slowest with less than
10% nitrogen released by the
end of the trial (modified from
Claassen and Carey 2007).

Code

Fertilizer Type

Nitrogen
%

Source

Synthetic Fertilizers
AMP

Ammonium phosphate

16.0

Soluble 16-20-0 fertilizer

OSM

Osmocote®

18.0

Resin coated controlled release fertilizer

P40

Polyon PCU 40®

40.0

Polyurethane coated controlled release fertilizer

Organic Fertilizers
BSM

Biosol Mix®

6.5

Fungal & bacterial pharmaceutical waste

BS

Biosol®

7.0

Fungal pharmaceutical waste

GC1

Gilton Compost #1

1.2

Yard waste compost

GC2

Gilton Compost #23

1.3

Yard waste compost

GC3

Gilton Compost #3

1.2

Yard waste compost

RTI+ I

RTI Nova Organics™ + IBDU

7.7

Composted biosolids + IBDU mixture

RTI+M

RTI Nova Organics™ + melamine

8.0

Composted biosolids + melamine mixture

RTI+U

RTI Nova Organics™ +
ureaformaldehyde

8.0

Composted biosolids + ureaformaldehyde mixture

SC

Sacramento Municipal Compost

1.5

Yard waste compost

Table 2 - Nitrogen release rates of some common synthetic and processed organic fertilizers
(modified from Claassen and Carey 2007).
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nitrogen release rates of a variety of organic fertilizers
was compared to a synthetic granular fertilizer, ammonium phosphate, and two plastic-coated controlled
release fertilizers (Figure 5). The organics were different brands of processed organic wastes, which had
been composted or otherwise processed and are commercially available as fertilizers (Table 2). These fertilizer treatments were aerobically incubated in artificial
media in laboratory chambers and in field soil at a revegetation site for 200 days. At the end of the trial, the
nitrogen release rates naturally separated into 4 groups.
The synthetic granular ammonium phosphate had by
far the faster release rate, whereas the two controlled
release synthetic fertilizers constituted the second group.
These 3 synthetic fertilizers released more than 95%
of their nitrogen by the end of the trial. The nitrogen
release rates of the organic fertilizers varied considerably
among products but all were significantly slower than the
synthetic fertilizers. At the end of the test period, the final release percentages for the organics ranged from less
than 10% to around 60%. These results emphasize the
critical importance of knowing the nutrient release rates
of any fertilizer that you are using because they will have
a major effect on crop growth and development.

more expensive strictly on a per nutrient basis, both
processed and unprocessed organic fertilizers provide
many other benefits that are hard to valuate, including
adding organic matter and stimulating soil microorganisms. Synthetic fertilizers also have hidden costs, such
as the carbon emissions during their manufacture and
the ecological impacts of increased water pollution. In
the final analysis, however, fertilizers are only a very
small percentage of the cost of producing nursery stock
so price should not be a deciding factor on whether to
use organic fertilizers.
Handling and Application. Due to their bulkiness and
low nutrient analysis, unprocessed organics are more
expensive to ship, store, and apply compared to high
analysis synthetic fertilizers. This is particularly true of
manure and other plant and animal wastes. Conversely,
synthetic fertilizers are more uniform in quality, have
a high nutrient analysis per unit weight and are much
easier to apply to crops. This is particularly true of
container nurseries; for example, there’s no good way to
apply unprocessed organics to container nursery crops.
Ecological Sustainability and Water Pollution. One
of the real benefits of organic fertilizers is that they are
kind to the environment and many can be obtained
from recycled materials — compost and municipal
sludge are prime examples. Not only can nurseries
recycle cull seedlings, weeds, and other organic materials through composting, but they can serve as places
for municipalities to recycle leaves, yard clippings, and
other such wastes that would otherwise go to landfills
(Morgenson 1994). Because nursery crops are not consumables, they can accept sewage sludge and even some
industrials wastes. Nurseries can generate cooperative
agreements with municipalities or industries to reduce
their composting costs while generating an environmentally beneficial source of plant nutrients (Rose and
others 1995).

Compatibility with Beneficial Microorganisms.
One of the most underappreciated benefits of organic
fertilizers is that they promote the growth of beneficial
soil microorganisms including mycorrhizal fungi and
nitrogen-fixing bacteria. A wealth of published research
has shown that high levels of synthetic fertilizers,
especially nitrogen and phosphorus, inhibit the establishment and development of mycorrhizal fungi. This
is particularly serious in the soilless growing media of
container seedlings where high levels of soluble synthetic fertilizers are the norm (Castellano and Molina
1989). Conversely, because organic fertilizers release
nutrients more slowly and also improve soil conditions,
they favor beneficial microorganisms.

Another environmental advantage of organic fertilizers is that their nutrients are much less susceptible to
leaching than those from synthetic fertilizers. Although this doesn’t apply to natural minerals, both processed and unprocessed organic fertilizers release their
nutrients slowly and in a form that remains in the soil
profile. Synthetic fertilizers often release their nutrients
much faster than plants can use them and the excess
nutrients leach into groundwater, resulting in water
pollution. This is especially serious with fertilizers containing the anions nitrate and phosphate, which are not
adsorbed on the cation exchange sites in the soil and

Cost. Organic fertilizers are typically several times
more expensive per nutrient compared to synthetic
products. For example, the cost per unit of nitrogen for
organic fertilizers was found to be higher than synthetic
nitrogen fertilizers, such as urea or ammonium nitrate
(Gaskell and Smith 2007). A mathematical comparison of fertilizer costs is difficult because each contains
different percentages of nutrients and values must be
expressed on a per weight or per volume basis. In one
study, feather meal, blood meal, and guano were found
to be one-fourth the cost of fish-based organic fertilizer (Hartz and Johnstone 2006). Although they are
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has been well established, but it would be interesting to
see direct comparisons between organic fertilizers and
synthetics (Figure 6).
Using organic fertilizers in bareroot nurseries Because plants are grown in large volumes of field soil,
bareroot nurseries have the greatest potential for using
all types of organic fertilizers. In particular, unprocessed materials like manure and sewage sludge can
provide both a base level of mineral nutrients and a
source of valuable organic matter to maintain soil tilth.
Bulk organics should be applied as soon after crops are
harvested to allow time for decomposition. Application
rates vary between the different materials and should be
determined by operation trial due to differences in soil
type and nursery climate; specific rates for Milorganite®,
sewage and fish sludge have been reported for forest
nurseries (Dutton 1977; Rose and others 1995). Due to
the slow release rates of most organic fertilizers, it may
make sense to institute a combination of both organic
and synthetic fertilizers. The organics could provide
a base level of nutrients and then synthetics could be
applied during the season based on crop growth and
development.

Figure 6 - The growth benefits of synthetic fertilizers have
been well established (solid lines) but it would be interesting to conduct growth trials between organic and synthetic
fertilizers (modified from Armson and Sadreika 1979).

Using organic fertilizers in container nurseries Because container plants are typically grown in artificial growing media, it would be difficult to incorporate
either processed or unprocessed organic fertilizers. This
is particularly true for smaller volume containers but
organics could be used in large ones. Composts could be
incorporated into growing media but they must be fully
mature to prevent any incidental toxicity. Many container plants are grown with only soluble fertilizers and
natural mineral fertilizers are already being used in the
formulation of soluble fertilizers. One of the challenges
for converting to organics would be to achieve the high
soluble nitrogen levels that are used to achieve the rapid
growth rates in greenhouse crops. Although the number of highly soluble organic fertilizers are very limited,
sodium nitrate would be suitable and Sul-Po-Mag and
Epsom salts would provide other macronutrients. In a recent test with a grass test crop, 3 brands of liquid organic
fertilizers produced growth similar to conventional synthetic fertilizers. The authors concluded that their rapid
nitrogen availability was much faster than other organic
fertilizers but the solutions may have to be filtered before
use in fertigation systems (Hartz and others 2010).

rapidly leach down to pollute groundwater (Landis and
others 1992). Sewage sludge is one organic fertilizer
that can cause water pollution is sewage sludge when it
is improperly applied. To minimize this risk, guidelines
on sludge application in bareroot forest nurseries have
been developed (Rose and others 1995).
Applications in Forest & Native Plant Nurseries.
Now that we have evaluated the pros and cons of
organic fertilizers and compared them to synthetic fertilizers, let’s review how they can be used in forest and
native plant nurseries. Growers need to have ethical or
ecological reasons for wanting to use organic fertilizers
because quality crops of forest trees and other native
plants have been grown for half a century using only
synthetic fertilizers.
Because no formal research has been conducted on
the use of organic fertilizers with forest and nursery
crops, it is difficult to make comparisons with synthetic
fertilizers. Of all the various methods used to evaluate
the effects of fertilizers, plant growth rates and quality
are the true test. With the increased interest in organic
farming, numerous examples exist showing that organic
fertilizers can be used effectively. The benefit of synthetic fertilizers to the growth of forest tree seedlings
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The Importance of Crop Growth Monitoring
by Thomas D. Landis

How Plants Grow

Coaxing plants to grow the way we want them to grow
is the essence of nursery culture, and growth records
from past seasons are one of a grower’s best tools to
accomplish this goal. Unfortunately, many nurseries
only measure their crops during the annual inventory
and before harvest. While absolutely necessary to good
nursery management, inventory measurements don’t
give any hints about how the plants reached that size.
The only way to really know how your crops perform is
to monitor their growth during the season. However,
in a survey of bareroot nurseries from the 1980s, less
than one-third kept crop growth records (Royce 1984).

Woody plants grow from 3 different meristems: the
terminal bud, the lateral meristem, and the tips of the
roots (Figure 1). By comparison, grasses grow from
basal or intercalary meristems, which are found at the
base of the plant. For the rest of this discussion, however, we’ll be discussing shoot growth of woody plants.
We’ll cover root growth in the next issue.

A

I don’t know how many times I’ve been asked for my
opinion about why a crop isn’t growing up to expectations, but when I ask the nursery manager for some
growth records, they don’t have any. Growth records
are like a road map — if you don’t have a reliable map,
you probably won’t get where you want to go. So, I
thought it might be a good idea to review how plants
grow and what type of measurements a prudent nursery manager should be taking.

B

Figure 1 - Woody plants grow in size from 3 different
meristems: shoot grow in height from the terminal meristem (A), woody stems and roots grow in diameter from
the lateral meristem (B), and roots grow outward from
the root tips (C).

Figure 2 - In epigeous germination (A), the cotyledons
carry the seedcoat above the surface of the soil or growing
medium whereas, in hypogeous germination (B), both the
cotyledon and seedcoat remain below the surface (modified from Schopmeyer 1974).
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Seed germination and emergence. During seed germination, the root system begins growth first, when
the radicle penetrates the seed coat and begins to extend
downward under the influence of gravity (geotropism).
After the radicle becomes established in the growing
medium, the seedling follows either of two patterns of
seed germination (Kozlowski 1971). Most conifers and
some broadleafed species exhibit epigeous germination, in which the cotyledons (“seed leaves”) are pushed
above the surface of the growing medium by the expanding hypocotyl (Figure 2A). Conifer cotyledons carry
the seedcoat on their tips to form a “birdcage.” Other
broadleaved species, such as oaks (Quercus spp.), exhibit
hypogeous germination in which the cotyledons remain
underground while the epicotyl (“shoot”) elongates
upward and produces primary leaves above the surface
of the growing medium (Figure 2B). Some genera, such
as Prunus spp., contain some species that have epigeous
germination and others with hypogeous germination
(Grisez and others 2008).

Shoot Growth Patterns
The shoots of nursery plants grow in two different ways
(Powell 1982). Preformed (“predetermined”) growth
is a result of the expansion of preexisting structures, either those preformed in the embryo for first year shoots
or those in terminal and lateral buds in subsequent
years. Neoformed (“free”) growth, on the other hand,
does not depend on any preformed structures and
shoots grow directly from the meristems (Figure 3).
Some species exhibit both preformed and neoformed
shoot growth in a given year, whereas other plant
shoots grow either one way or the other. This growth
form is genetically determined and cannot be changed
by cultural means (MacDonald 1998).

Figure 3 - Shoot growth can be divided into two categories:
one that expands from preexisting structures (“preformed”)
and one that develops freely during the growing season
(neoformed”) (modified from Powell 1982).
Seedlings may or may not develop typical buds at the
end of the first growing season. The shoots of determinate species, such as pines (Pinus spp.), cease growth
and form (“set”) terminal buds (Figure 4A&D). Other
indeterminate species, such as junipers, never do form
true dormant buds (Figure 4B&C). The shoots of pine
seedlings, in particular, can look remarkably different
during the first growing season, depending on species
and growth environment. At least 4 variations in shoot
development have been documented with pines (Powell
1982; Thompson 1989). Some pines produce only awlshaped primary foliage and instead of a true bud form a
rosette of needles at the end of the first growing season
(Figure 4C). Other pines produce fascicled secondary
needles in the axils of the primary needles and form
a typical resting bud (Figure 4D). In some temperate
zone pines, the time of budset is under strong genetic
control and the shoot will not continue to extend even
under the ideal growing conditions in a fully controlled
greenhouse (Thompson 1989). For example, ponderosa
pine (Pinus ponderosa) seedlings typically set a firm

The presence or absence of buds also affects shoot
terminology (Kozlowski 1971). The shoots of many
temperate zone species, including spruces (Picea spp.),
form buds at the end of the growing season (determinate shoots) whereas other species, such as junipers
(Juniperus spp.), do not (indeterminate shoots).
First Season Shoot Development. Seedling growth
and development is different during the first growing
season than in subsequent years because all species
exhibit both preformed and neoformed growth (Figure
4). In the first season, the amount of preformed growth
is determined by the size of the embryo (which is preformed in the seed), the stored energy in the seed, and
the germination environment.
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terminal bud in early July even though they are growing in a greenhouse under long-day photoperiod and
high fertilization. In other species, such as blue spruce
(Picea pungens), shoot growth will continue for over a
year under ideal growing conditions before forming a
bud (Young and Hanover 1978). Growers must induce
budset in these species by radically changing the propagation environment. Ecotypes from northern latitudes
are particularly prone to free growth during the long
days of summer, and growers need to use extraordinary cultural measures, such as blackout curtains, to
promote budset and dormancy. Bud development is
particularly important because the presence and size of
buds are considered by many customers to be a sign of
seedling quality.
The shoot growth of broadleaved species is also variable
under nursery conditions. In oaks, a temporary resting bud with scales may form between several growth
spurts and a firm dormant bud is only formed at the
end of the season. Leaf size and shape will also change
between these growth spurts, with those formed later
being larger and more deeply lobed (Powell 1982). In
other indeterminate species such as birch (Betula spp.)
and elm (Ulmus spp.), however, a true terminal bud
never forms (Figure 4C). Instead, the shoot tip aborts
at the end of the season and a lateral bud functions as
the new terminal bud (Kozlowski 1991).
Second Season Shoot Development. If woody plants
are held for a second growing season, some species will
produce only preformed or neoformed shoot growth,
whereas others will produce both types in sequence
(Figure 3). Determinate species, such as pines, exhibit
preformed growth as their entire second-season shoot
extension comes from either preformed stem units in
the dormant bud, resting rosettes, or long-shoot buds
(Powell 1982). Shoot growth in other indeterminate
species including junipers and birches does not depend
on preformed structures from the first growing season
but consists of only neoformed growth. Spruces and
basswood (Tilia spp.) seedlings exhibit both preformed
and neoformed growth, with the amount of neoformed
growth strongly controlled by ecotype (Von Wuehlisch
and Muhs 1991).

Measuring Woody Plant Growth
For nursery purposes, the following morphological attributes are measured (Armson and Sadreika 1979):

Figure 4 - First-year seedlings exhibit several different
shoot growth patterns in nurseries, depending on the species, propagation environment, and daylength (modified
from Powell 1982).

Shoot height is the vertical distance from the surface
of the soil or growing media to the tip of the terminal
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leader, and is easily measured with a ruler. Although
shoot height is easy to measure in the nursery bed
or container, it is more challenging to measure on
harvested stock because you are no longer sure of the
original ground line. One way to determine this is to
scrape the outer back and notice where the color of
the inner bark changes from white to green, but this is
slow and destructive (Mexal and Landis 1990). Other
useful techniques are to measure height either 1 cm
above the uppermost lateral root (Hodgson and Donald 1980), or approximately halfway between the uppermost lateral root and the cotyledon scar. The top of
the seedling shoot can also be difficult to determine,
particularly when the seedling is actively growing or
with indeterminant species such as cedar (Thuja spp.)
or juniper. If no obvious terminal bud is present, the
measurement should be taken from the slightly swollen part of the shoot tip indicating the position of the
terminal meristem.

Because the stem diameter can change significantly in
this area, measurements should be made at a standardized location. Some nurseries specify that stem diameter be measured at the cotyledon scar or 1 cm above the
first lateral root (Mexal and Landis 1990). Experience
has shown that repeated measurements of stem diameter on the same plant causes stem thickening just due to
the additional flexing during the measurement process.
Therefore, it’s better to measure a sample of plants and
calculate an average stem diameter.
Dry weight represents the net gain between photosynthesis and respiration and, when monitored over time,
gives an excellent index of how fast a plant is growing
(Armson and Sadreika 1979). Although dry weight is
commonly used for research purposes, the fact that it is
time consuming and destructive makes it unpopular in
nurseries. In addition, dry weight gain does not distinguish between the type of tissue. Two seedlings could
have the same dry weight of roots but one could have a
few large woody roots and the other more desirable mix
of medium and fine roots.

Stem diameter, also called root collar diameter or caliper, is the diameter of the main stem of the seedling just
above the ground line and is measured with calipers.

Figure 5 - The cumulative growth curve for height and stem diameter shows how a crop is progressing compared to
target specifications.
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Analyzing Plant Growth Patterns

bud set, and then gradually tapers off until cold weather
induces dormancy. Note that competition occurs between the shoot and root for photosynthate, and so an
increase in shoot growth causes a relative decrease in
root and cambial growth. All woody plants follow this
same general pattern, although the growth rate varies
between different species.

The best way to utilize plant growth data is to record it
in graphic form as you collect it. This can be as simple
as a pencil and graph paper or a complicated as a
spreadsheet, which will generate graphs.
Plant growth cycles can be plotted in 2 different ways:
cumulative growth and incremental growth. The cumulative growth curve is the most commonly used graphing
method and shows seedling dimensions plotted against
time throughout the growing season (Figure 5). Total
growth curves are useful for showing seedling growth
progression relative to the target specifications of shoot
height and stem diameter. The relative growth rate is illustrated by the slope of the line—the steeper the slope
of the curve, the faster the seedling is growing.

Growth curves are also useful for detecting problems or
for scheduling changes in cultural practices. After several seasons of growth records have been accumulated,
nursery managers can compare the current shoot and
stem diameter growth to a computed average or target
growth curves (Figure 7).
One added benefit of monitoring crop growth is that it
forces you to get out in the nursery on a regular basis,
and you can use this time to scout for insects and diseases or notice other growth problems.

The other, less-common type of growth curve is the
incremental growth curve, which plots growth rate,
rather than total growth. Incremental growth curves
are useful because they reveal growth periodicity
patterns during the growing season (Figure 6). Shoot
growth of first year crops begins with emergence or
with spring bud break for older stock. Stem diameter
growth in newly germinated seedlings begins after the
vascular cambium develops and starts producing wood
cells at about 4 to 6 weeks of age (MacDonald 1998). In
older seedlings, stem diameter growth begins early in
the spring, slowly increases until it peaks after terminal

Sources
Armson KA, Sadreika V. 1979. Forest tree nursery soil
management and related practices. Toronto (ON): Ontario Ministry of Natural Resources. 177 p.
Grisez, TJ, Barbour JR, Karrfalt, RP. 2008. Prunus L.,
cherry, peach and plum. In: Bonner FT, Karrfalt RP,
editors. The Woody Plant Seed Manual. Washington
(DC): USDA Forest Service. Agriculture Handbook
727:875-890.

Figure 6 - Although less common, incremental growth curves show growth rate changes over time and give a good view
of when growth of shoots, roots, and stem stem diameter occur during the season.
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Figure 7 - One of the most useful applications for growth data is for diagnosing problems and scheduling cultural
adjustments. In this example, these Colorado blue spruce (Picea pungens) container seedlings were growing much
slower than expected so a high nitrogen (N) fertigation was started at week 8 and both stem diameter and height met
the targets by the end of the season.
Kozlowski TT. 1971. Growth and development of trees,
Vol. 1, Seed germination, ontogeny, and shoot growth.
New York (NY): Academic Press. 443 p.

Schopmeyer CS, technical coordinator. 1974. Seeds of
Woody Plants in the United States. Washington (DC):
USDA Forest Service. Agriculture Handbook 450. 883p.

MacDonald J. 1998. Personal communication. Fredericton (NB): Canadian Forest Service. Tree Development
Physiologist.

Thompson S. 1989. Environmental control of shoot
growth in Scots pine, Sitka spruce and Douglas-fir
seedlings. Forestry (Supplement) 62: 82-188.

Powell GR. 1982. A comparison of early shoot development of seedlings of some trees commonly raised in the
Northeast of North America. In: Proceedings, Northeastern Area Nurserymen’s Conference; 25-29 Jul1982;
Halifax, NS. Truro (NS): Nova Scotia Department of
Lands and Forests. p. 1-24.

Von Wuehlisch G, Muhs HJ. 1991. Environmental
influences on juvenile shoot growth in Picea abies.
Scandinavian Journal of Forest Research 6:479-498.
Young E, Hanover JW. 1978. Effects of temperature,
nutrient, and moisture stresses on dormancy of blue
spruce seedlings under continuous light. Forest Science
24(4):458-467.

Royce CB. 1984. Nursery record systems and computers. In: Forest Nursery Manual: Production of Bareroot
Seedlings. Duryea ML; Landis TD, editors. Hingham
(MA): Kluwer Academic Publishers. p. 277-287.
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New Nursery Literature
Special Order Publications
Tree Planter’s Notes has been completely revised and upgraded with a full-color layout. The articles from the latest volume 54, number 1 are included in the following list of new literature. If you have received TPN in the past,
you MUST renew your subscription online at http://www.rngr.net/subscribe to continue to receive your free copy.
Please consider subscribing to the electronic version of TPN, helping us save paper and printing costs. If you have
difficulty with the online subscription or need to request a special subscription (e.g., more than one copy), please
contact Rae Watson at rewatson@ fs.fed.us or Diane Haase at dlhaase@fs.fed.us.
Riley LE, Pinto JR, Dumroese RK, tech. coords. 2010. National Proceedings: Forest and Conservation Nursery
Associations—2009. Proc. RMRS-P-62. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 101 p.
These proceedings are a compilation of 20 papers that were presented at the regional meetings of the Intertribal
Nursery Council (INC) and the forest and conservation nursery associations in the United States in 2009. The INC
meeting was held in Moscow, Idaho, on July 14, 2009. Subject matter for the technical sessions included resource
protection, collaborative research efforts, cultural use of native species, and native species programs. The Joint
Meeting of the Western Forest and Conservation Nursery Association and Intermountain Container Seedling
Growers’ Association was held in Moscow, Idaho, on July 15 to 16, 2009. Subject matter for the technical sessions
included seedling nutrition, pest management, nursery research and new technology, and general nursery topics.
The Northeastern Forest and Conservation Nursery Association meeting was held in Grand Rapids, Michigan, on
July 20 to 23, 2009. Subject matter for the technical sessions included tree improvement programs, nursery culture
and management, fumigation updates, and insect and disease management.
Order a Copy of RMRS-P-62, National Proceedings: Forest and Conservation Nursery Associations–2009 from:
Richard D. Schneider, Publications Distribution
USDA-FS Rocky Mountain Research Station
240 W. Prospect Road
Ft. Collins, CO 80526-2098 USA
TEL: 970.498.1122 • FAX: 970.498.1396
E-mail: rschneider@fs.fed.us
Roy RN, Finck A, Blair GJ, Tandon HLS. 2006. Plant nutrition for food security: a guide for integrated nutrient
management. FAO Fertilizer and Plant Nutrition Bulletin 16. Rome: Food and Agriculture Organization of the
United Nations. 366 p.
This is an update of one of the classic texts on fertilizers and plant nutrition. Although it primarily deals with
agronomic crops around the world, there are excellent sections on Plant nutrients and basics of plant nutrition,
Soil fertility and crop production, Sources of plant nutrients and soil amendments, as well as the important topic;
Plant nutrition and environmental issues.
Ordering: You can download the Adobe PDF file at the following website: ftp://ftp.fao.org/docrep/fao/009/
a0443e/a0443e.pdf, or purchase the hard copy from online booksellers.
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A compact disk with all the following journal articles or publications in Adobe PDf format can be ordered
using the Literature Order Form on the last page of this section. Note that there are a 2 restrictions:
1. Copyrighted Material. Items with © are copyrighted and require a fee for each copy, so we will only send you
the title page and abstract. If you want the entire article, you can order copies on-line or from a library service.
2. Special Orders (SO). Special orders are books or other publications that, because of their size or cost, require
special handling. For some, the Forest Service has procured copies for free distribution, but others will have to be
purchased. Prices and ordering instructions are given following each listing in the New Nursery Literature section.

7. © Can an ecoregion serve as a seed transfer zone?
Evidence from a common garden study with five native species. Miller, S. A., Bartow, A., Gisler, M., and
Ward, K. Restoration Ecology 19(201):268-276. 2011.
8. Cold-hardiness and deacclimation of Styrax
americanus from three provenances. Lenahan, O. M.,
Graves, W. R., and Arora, R. HortScience 45(12):18191823. 2010.

1. Comparing strength and biodegradability of
biocontainers. Taylor, M., Evans, M, and Kuehny, J.
Greenhouse Management and Production 30(9):16-17,
20. 2010.

9. Effect of method of seed treatment with plant derived smoke solutions on germination and seedling
growth of milk thistle (Silybum marianum L.). Abdollahi, M. R., Mehrshad, B., and Moosavi, S. S. Seed
Science and Technology 39:225-229. 2011.

2. Effect of container design on plant growth and
root deformation of littleleaf linden and field elm.
Amoroso, G., Frangi, P., Piatti, R., and Ferrini, F. HortScience 45(12):1824-1829. 2010.

10. © Effect of water stress on plant growth in Atriplex hortensis L. Kachout, S. S., Mansoura, A. B.,
Hamza, K. J., and Leclerc, J. C. Journal of Horticultural
Science & Biotechnology 86(2):101-106. 2011.

3. The perfect solution: the green industry continues
its search for a durable, but biodegradable, nursery
container. McCoy, M. Digger 54(10):45-47. 2010.

11. Effects of light and temperature on germination
of Pyxidanthera brevifolia Wells (Diapensiaceae).
Wall, W. A., Hilton, J. L., Wentworth, T. R., and Gray,
J. B. Journal of the Torrey Botanical Society 137(4):348354. 2010.

4. Small, sustainable containers. McCoy, M. Digger
55(4):21-22, 24-26. 2011.

12. Establishing vegetation in harsh climates. Lechner, H. L. and Stokes, D. Land and Water 55(1):35-38.
2011.
13. © Exposure to gibberellins eliminates the cold
stratification requirement of Penstemon grandiflorus seeds. Sorensen, E., Bierkamp, T., and Barry, K.
In Vitro Cellular & Developmental Biology - Animal
46(Suppl):97-98. 2010.

5. © Appropriate use of genetic manipulation for the
development of restoration plant materials. Jones,
T. A. and Robins, J. G. Progress in Botany 72:249-264.
2011.

14. © A field study of seed germination in the endangered Trillium reliquum Freeman (Trilliaceae).
Thompson, J. S. and Leege, L. M. Plant Species Biology
26:111-115. 2011.

6. Breaking seed dormancy in oil rose (Rosa damascena Mill.) by miocrobial inoculation. Kazaz, S.,
Erbas, S., and Baydar, H. African Journal of Biotechnology 9(39):6503-6508. 2010.
26

Forest Nursery Notes

Summer 2011

15. © Forward-looking forest restoration under climate change -- Are U.S. nurseries ready? Tepe, T. L.
and Meretsky, V. J. Restoration Ecology 19(3):295-298.
2011.

N. and Cooper, D. C. Native Plants Journal 12(1):4143. 2011.
26. © Plant and soil responses to created microtopography and soil treatments in bottomland hardwood
forest restoration. Simmons, M. E., Wu, X. B., and
Whisenant, S. G. Restoration Ecology 19(1):136-146.
2011.

16. Germination and viability of wild sunflower species achenes stored at room temperature for 20 years.
Seiler, G. J. Seed Science and Technology 38:786-791.
2010.

27. © Propagating shrub yellowroot (Xanthorhiza
simplicissima Marsh.). Pawling, K. Native Plants Journal 12(1):37-40. 2011.

17. © The germination niches of grassland species
targeted for restoration: effects of seed pre-treatments. Wagner, M., Pywell, R. F., Knopp, T., Bullock,
J. M., and Heard, M. S. Seed Science Research 21:117131. 2011.

28. © Prospects for conservation of an endemic
woody species native to Florida, Chionanthus pygmaeus (pygmy fringetree), through seed and vegetative propagation. Bayer, A. L. and Stewart, J. R. Native
Plants Journal 12(1):62-69. 2011.

18. Green gold: the potential and pitfalls for North
American medicinal plants in the US botanical supplements industry. Pai, A. and Skeels, M. IN: National
Proceeding: Forest and Conservation Nursery Associations - 2009. USDA Forest Service, Rocky Mountain
Research Station, Proceedings RMRS-P-62, p. 12-14.
2010.

29. Protocols for sagebrush seed processing and seedling production at the Lucky Peak Nursery. Fleege, C.
D. IN: National Proceeding: Forest and Conservation
Nursery Associations - 2009. USDA Forest Service,
Rocky Mountain Research Station, Proceedings RMRSP-62, p. 33-35. 2010.

19. © A growth stage and heat-unit model for Hedysarum boreale. Peel, M. D., Waldron, B. L., Mott, I. W.,
and Walker, S. Native Plants Journal 12(1):4-12. 2011.

30. Seed ecology and pre-germinative treatments in
Magnolia schiedeana Schlecht, an endangered species
from Mexico. Vasquez-Morales, S. G. and SanchezVelasquez, L. R. Journal of Food, Agriculture & Environment 9(1):604-608. 2011.

20. © Improved germination of two Sphaeralcea A.
St.-Hil. (Malvaceae) species with scarification plus
stratification treatments. Dunn, B. Native Plants Journal 12(1):13-16. 2011.

31. © Successional models as guides for restoration
of riparian forest understory. McClain, C. D., Holl, K.
D., and Wood, D. M. Restoration Ecology 19(2):280289. 2011.

21. An introduction to the Colorado Plateau native
plant initiative. Padgett, W., Olwell, P., and Lambert,
S. IN: National Proceeding: Forest and Conservation
Nursery Associations - 2009. USDA Forest Service,
Rocky Mountain Research Station, Proceedings RMRSP-62, p. 6-11. 2010.

32. © Suitability of the medicinal plant, Acorus calamus L., for wetland restoration. Pai, A. and McCarthy, B. C. Natural Areas Journal 30(4):380-386. 2010.

22. Non-deep physiological dormancy in seeds of
two Polygonella species with horticultural potential.
Heather, A. E., Perez, H. E., and Wilson, S. B. HortScience 45(12):1854-1858. 2010.

33. © Tolerance of native wildflower species to postemergence herbicides. Wiese, J. L., Keren, E. N.,
and Menalled, F. D. Native Plants Journal 12(1):31-36.
2011.

23. Nutrient uptake and loss by container-grown deciduous and evergreen Rhododendron nursery plants.
Scagel, C. F., Bi, G., Fuchigami, L. H., and Regan, R. P.
HortScience 46(2):296-305. 2011.

34. When Smokey says “no”: fire-less methods for
growing plants adapted to cultural fire regimes. Shebitz, D. and James, J. E., Jr. IN: National Proceeding:
Forest and Conservation Nursery Associations - 2009.
USDA Forest Service, Rocky Mountain Research Station, Proceedings RMRS-P-62, p. 15-21. 2010.

24. © Patterns of adaptation in three native grasses in
northern California. Kitzmiller, J. H. and Hanson, L.
Native Plants Journal 12(1):45-60. 2011.

35. © Xylem water potentials of native shrubs from
northeastern Mexico. Gonzalez-Rodriguez, H., CantuSilva, I., Ramirez-Lozano, R. G., and Gomez-Meza, M.

25. © Perigynium removal improves seed germination in awl-fruit sedge (Carex stipata). Hough-Snee,
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46. Patterns of plant biomass partitioning depend on
nitrogen source. Cambui, C. A., Svennerstam, H., Gruffman, L., and Nordin, A. PLoS ONE 6(4):e19211. 2011.

V. Acta Agriculturae Scandinavica Section B - Soil and
Plant Science 61:214-219. 2011.

47. © Short-term effects of potassium fertilization on
the hydraulic conductance of Laurus nobilis L. Oddo,
E., Inzerillo, S., La Bella, F., and Grisafi, F. Tree Physiology 31:131-138. 2011.
48. Water soluble fertilizers: best practices for a safer
environment. Peters, C. Greenhouse Management
31(1):44, 46, 63, 64. 2011.

36. The benefits of applying controlled release fertilizers. Hulme, F. Greenhouse Management 31(1):66-68.
2011.

SO. Plant nutrition for food security: a guide for integrated nutrient management. Roy, R. N., Finck, A.,
Blair, G. J., and Tandon, H. L. S. Food and Agriculture
Organization of the United Nations, FAO Fertilizer and
Plant Nutrition Bulletin 16. 337 p. 2006. DOWNLOAD
FROM: ftp://ftp.fao.org/agl/agll/docs/fpnb16.pdf.
Order print version from any book seller:

37. Boron in plants. Ozturk, M., Sakcali, S., Gucel, S.,
and Tombuloglu, H. Chapter 13 in Plant Adaptation
and Phytoremediation, Part 2, p. 275-311. 2010.
38. Effect of NPK fertilization on production and leaf
nutrient content of Eucalyptus minicuttings in nutrient
solution. Neto, J. PC., de Barros Silva, E., Santana, R. C.,
and Grazziotti, P. H. R. Bras. Ci. Solo 35:249-254. 2011.

SO. Western Fertilizer Handbook. California Plant
Health Association. Interstate Publishers, Inc. 9th edition. 2002. 356 p. Order from any book seller.

39. Feeding through the leaves: Scientists study
whether foliar fertilization has benefits for tree growers. Landgren, C. and Kowalski, J. Digger 54(8):115118, 120. 2010.
40. Frost resistance in Pinus hartwegii subjected to
different potassium treatments. Ramirez-Cuevas, Y.
and Rodriguez-Trejo, D. A. Revista Chapingo Serie
Ciencias Forestales y del Ambiente 16(1):79-85. 2010.

49. © Back where they once belonged? Local response
to afforestation in County Kerry, Ireland. Carroll, M.
S., Dhubhain, A. N., and Flint, C. G. Sociologia Ruralis
51(1):35-53. 2011.

41. A greener fertilizer. Robbins, J. Digger 54(8):3941. 2010.
42. © Growth of loblolly pine and white pine after
enrichment by nutrient loading. Barker, A. V.
Communications in Soil Science and Plant Analysis
41:2613-2622. 2010.

50. Different types of reforestation. Lamb, D. Chapter
4 in Regreening the bare hills. World Forests 8, p. 135155. 2011.

43. Impact of silicon on plant growth. Cavins, T.,
Marek, S., and Kamenidou, S. Greenhouse Management and Production 30(6):20-25. 2010.

51. Growing trees in Georgia. Pohl, R. and Kelly, S.
Tree Planters Notes 54(1):4-9. 2011.
52. An overview of forestry in the Farm Bill and
Natural Resources Conservation Service forestry resources. Henriksen, A. IN: National Proceeding: Forest
and Conservation Nursery Associations - 2009. USDA
Forest Service, Rocky Mountain Research Station, Proceedings RMRS-P-62, p. 67-68. 2010.

44. © Influence of ammonium and nitrate supply
on growth, dry matter partitioning, N uptake and
photosynthetic capacity of Pinus radiata seedlings.
Bown, H. E., Watt, M. S., Clinton, P. W., and Mason, E.
G. Trees 24:1097-1107. 2010.
45. Organic considerations: Understand how to transition from traditional inputs to organic alternatives.
Cox, D. Greenhouse Management 31(1):70-72. 2011.
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53. An overview of rural forestry tree planting
in North Dakota. Kangas, M. Tree Planters Notes
54(1):15-17. 2011.

60. © Genetic parameters for bud flushing and
growth characteristics of white spruce seedlings.
Rweyongeza, D. M., Yeh, F. C., and Dhir, N. K. Silvae
Genetica 59(4):151-158. 2010.

54. RNGR: a national resource for reforestation,
restoration, and nursery professionals. Haase, D. L.,
Pinto, J. R., Dumroese, R. K., and Hernandez, G. Tree
Planters Notes 54(1):28-34. 2011.

61. Genetic variation among Pinus patula populations along an altitudinal gradient. Two environment nursery tests. Saenz-Romero, C., Ruiz-Talonia,
L. F., Beaulieu, J., Sanchez-Vargas, N. M., and Rehfeldt,
G. E. Revista Fitotecnia Mexicana 34(1):19-25. 2011.

55. Strategies and challenges for nursery production:
perspectives on where we’re going and where we’ve
been. Haase, D. L. IN: National Proceeding: Forest
and Conservation Nursery Associations - 2009. USDA
Forest Service, Rocky Mountain Research Station, Proceedings RMRS-P-62, p. 36-42. 2010.

62. Norway spruce (Picea abies [L.] Karst.) provenance variation in autumn cold hardiness: adaptation or acclimation? Gomory, D., Foffova, E., Kmet, J.,
Longauer, R., and Romsakova, I. Acta Biologica Cracoviensia Series Botanica 52(2):42-49. 2010.

56. Tree planting in Indiana. Hawkins, B. and
O’Connor, P. Tree Planters Notes 54(1):10-14. 2011.

63. Propagate, archive, reforest. Benson, S. American
Nurseryman 211(4):14-17. 2011.

SO. National Proceedings: Forest and Conservation
Nursery Associations – 2009. Riley, L.E.; Pinto, J.R.,
Dumroese, R.K., eds. USDA Forest Service, Rocky
Mountain Research Station, RMRS-P-62. ORDER
FROM: USDA Forest Service, 240 W. Prospect Rd.,
Fort Collins, CO 80526. or www.fs.fed.us/rm/publications. Free. (All papers are included individually in this
issue of Forest Nursery Notes).

64. © Use of DNA-fingerprints to control the origin
of forest reproductive material. Degen, B., Holtken,
A., and Rogge, M. Silvae Genetica 59(6):268-273. 2010.

65. © Effect of controlled inoculation with specific
mycorrhizal fungi from the urban environment on
growth and physiology of containerized shade tree
species growing under different water regimes. Fini,
A., Frangi, P., Amoroso, G., and Piatti, R. Mycorrhiza.
Springer online 2011.

57. Altitudinal genetic variation among Pinus
patula populations from Oaxaca, Mexico, in growth
chambers simulating global warming temperatures.
Saenz-Romero, C., Beaulieu, J., and Rehfeldt, G. E. Agrociencia 45:399-411. 2011.

66. © Current nursery practice with regard to mycorrhizae and the propagation of New Zealand’s native
plants. Williams, A. Ecological Management & Restoration 11(3):220-223. 2010.

58. © Developing seed zones and transfer guidelines
with multivariate regression trees. Hamann, A., Gylander, T., and Chen, P. Tree Genetics & Genomes
7:399-408. 2011.

67. © Mycorrhizal fungi suppress aggressive agricultural weeds. Rinaudo, V., Barberi, P., Giovannetti, M.,
and van der Heijden, M. G. A. Plant and Soil 333:7-20.
2010.

59. Forest tree improvement at Michigan State
University: past, present, and future. Bloese, P. IN:
National Proceeding: Forest and Conservation Nursery Associations - 2009. USDA Forest Service, Rocky
Mountain Research Station, Proceedings RMRS-P-62,
p. 61-63. 2010.

68. © Testing the effect of routine fungicide application on ectomycorrhiza formation on Pinus halepensis seedlings in a nursery. Carrillo, C., Diaz, G., and
Honrubia, M. Forest Pathology 41:70-74. 2011.
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81. Comparing planting tools for container longleaf
pine. Leduc, D. J., Haywood, J. D., and Sung, S.-J. S.
Tree Planters Notes 54(1):24-27. 2011.

69. Cost-effective coverings. McCoy, M. Digger
54(7):21-24. 2010.
70. © An economic assessment of the use of shortrotation coppice woody biomass to heat greenhouses
in southern Canada. McKenney, D. W., Yemshanov,
D. , Fraleigh, S., Allen, D., and Preto, F. Biomass and
Bioenergy 35:374-384. 2011.

82. © Comparison of reclamation techniques to reestablish western white pine on smelter-impacted
hillsides in Idaho. Walsh, J. R. and Redente, E. F. Restoration Ecology 19(201):141-150. 2011.
83. © Does shelter enhance early seedling survival in
dry environments? a test with eight Mediterranean
species. Padilla, F. M., Dios Miranda, J. de, Ortega, R.,
Hervas, M., Sanchez, J., and Pugnaire, F. I. Applied
Vegetation Science 14:31-39. 2011.

71. Is it time to replace your mechanical thermostats?
Bartok, J. W., Jr. Greenhouse Management and Production 30(11):46-47. 2010.
72. Lower heating costs with underbench heat. Bartok, J. W., Jr. Greenhouse Management and Production
30(8):35-36. 2010.

84. Effect of planting method on the survival of Alnus
glutinosa and Quercus petraea saplings in compacted
coal-mine spoils, South Wales. Haigh, M., Reed. H.,
Flege, A., and D’Aucourt, M. IN: 12th International
Symposium on Environmental Issues and Waste Management in Energy and Mineral Production SWEMP
2010, Proceedings. Czech University of Life Sciences,
Prague. 8 p. 2010.

73. Maximize light fixture operation. Grouzos, J. and
Battle, L. Greenhouse Management 31(5):59-60, 62.
2011.
74. Pipe insulation is an inexpensive, energy-saving
measure. Bartok, J. W., Jr. Greenhouse Management
and Production 30(10):58-59. 2010.

85. © Effect of two types of tree guards (with and
without weed control) on tree seedling establishment. Ladd, B., Larsen, J. R., and Bonser, S. P. Ecological Management & Restoration 11(3):75-76. 2010.

75. Productivity of the M-planter tree-planting device in practice. Rantala, J. and Laine, T. Silva Fennica
44(5):859-869. 2010.
76. Reduce storm damage to your greenhouses. Bartok, J. W., Jr. Greenhouse Management and Production
30(7):73-74. 2010.

86. © Effects of artificial shade on early performance
of white spruce seedlings planted on clearcuts. Man,
R. and Greenway, K. J. New Forests 41:221-233. 2011.

77. Reducing temperatures with shading. Parbst, K.
Greenhouse Management 31(4):57-59. 2011.

87. © Establishment of planted Norway spruce and
Scots pine seedlings: effects of light environment,
fertilisation, and orientation and distance with respect to shelter trees. Erefur, C., Bergsten, U., Lundmark, T., and de Chantal, M. New Forests 41:263-276.
2011.

78. Spray more efficiently. Becker, K. Greenhouse
Management 31(4):52-53. 2011.
79. What are my options for propagation fog? Bartok, J. W., Jr. Greenhouse Management 31(3):64-65.
2011.

88. © Growth rates of baldcypress (Taxodium distichum) seedlings in a treated effluent assimilation
marsh. Lundberg, C. J., Shaffer, G. P., Wood, W. B.,
and Day, J. W., Jr. Ecological Engineering 37:549-553.
2011 .

80. What are my options for recycling used greenhouse film? Bartok, J. W., Jr. Greenhouse Management
31(5):25-27. 2011.
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89. © Half-sib seed source and nursery sowing density affect black walnut (Juglans nigra) growth after 5
years. Woeste, K. E., Jacobs, D. F., and McKenna, J. R.
New Forests 41:235-245. 2011.

S. R., Ashworth, D. J., Yates, M. D., and Luo, L. Soil
Science Society of America Journal 75(1):9-16. 2011.
98. Detection and control of Fusarium oxysporum
and Cylindrocarpon destructans in forest nursery
soils. Crosby, C., Carpenter-Boggs, L., Higgins, S.,
and Khadduri, N. IN: National Proceeding: Forest and
Conservation Nursery Associations - 2009. USDA
Forest Service, Rocky Mountain Research Station, Proceedings RMRS-P-62, p. 30-32. 2010.

90. Influence of mineral nutrition on susceptibility
and recovery of planted seedlings to ungulate browse.
Burney, O. T. and Jacobs, D. F. IN: National Proceeding: Forest and Conservation Nursery Associations 2009. USDA Forest Service, Rocky Mountain Research
Station, Proceedings RMRS-P-62, p. 25-29. 2010.

99. Management of white grubs in forest nurseries.
Smitley, D. IN: National Proceeding: Forest and Conservation Nursery Associations - 2009. USDA Forest
Service, Rocky Mountain Research Station, Proceedings RMRS-P-62, p. 86-87. 2010.

91. Planting depth at onset of container production
and subsequent root ball remediation at transplanting affects pin oak and littleleaf linden. Harris, J. R.
and Day, S. D. HortScience 45(12):1793-1797. 2010 .
92. © Quercus virginiana root attributes and lateral
stability after planting at different depths. Gilman, E.
F. and Grabosky, J. Urban Forestry & Urban Greening
10:3-9. 2011 .

100. Mosaic stunting in jack pine seedlings in a
northern Michigan bareroot nursery. Potvin, L.,
Dumroese, R. K., Jurgensen, M. F., and Richter, D. IN:
National Proceeding: Forest and Conservation Nursery Associations - 2009. USDA Forest Service, Rocky
Mountain Research Station, Proceedings RMRS-P-62,
p. 82-85. 2010.

93. © Scalping improves early growth of longleaf pine
seedlings. South, D. B. Native Plants Journal 12(1):1824. 2011.

101. Protecting container-growth plants. Parke, J. L.
and Lewis, C. Digger 55(2):41-46. 2011.

94. © Soil compaction reduced the growth of lodgepole pine and Douglas-fir seedlings in raised beds
after two growing seasons. Bulmer, C. E. and Simpson, D. G. Soil Science Society of America Journal
74(6):2162-2174. 2010.

102. Reducing Phytophthora. Parke, J. Digger
54(9):41-44, 46. 2010.
103. © Resistance of Sitka spruce (Picea sitchensis
(Bong.) Carr.) to white pine weevil (Pissodes strobi
Peck): characterizing the bark defence mechanisms
of resistant populations. King, J. N., Alfaro, R. I.,
Lopez, M. G., and Van Akker, L. Forestry 84(1):83-91.
2011.

95. Spacing in the nursery seedbed and subsequent
field performance of Quercus robur L. and Fagus sylvatica L. Andersen, L. European Journal of Horticultural Science 75(5):221-225. 2010.
96. © Survival and competitiveness of Quercus rubra
regeneration associated with planting stocktype and
harvest opening intensity. Morrissey, R. C., Jacobs, D.
F., Davis, A. S., and Rathfon, R. A. New Forests 40:273287. 2010.

104. Silicon enhances disease suppression. Cavins,
T., Marek, S., and Kamenidou, S. Greenhouse Management and Production 30(12):33-35. 2010.
105. Slime and punishment. Rosetta, R. Digger
55(4):49-50, 52-53. 2011.
106. Stay on top of Pythium. Hausbeck, M. Greenhouse Management and Production 30(12):41-43.
2010.
107. Systemic insecticides 101. Cloyd, R. A. American
Nurseryman 210(10):120-121. 2010.
108. When mites make right. Rosetta, R. Digger
54(7):41-42, 44-46. 2010.

97. © Active solarization as a nonchemical alternative to soil fumigation for controlling pests. Yates,

31

Forest Nursery Notes

Summer 2011

117. © Differences in frost hardiness of two Norway
spruce morphotypes growing at Mt. Brocken, Germany. Kathke, S. and Bruelheide, H. Flora 206:120126. 2011.
118. © Differences in morphology, gas exchange
and root hydraulic conductance before planting in
Pinus canariensis seedlings growing under different
fertilization and light regimes. Luis, V. C., Llorca, M.,
Chirino, E., Hernandez, E. I., and Vilagrosa, A. Trees
24:1143-1150. 2010.

109. Does your pesticide storage need upgrading?
Bartok, J. W., Jr. Greenhouse Management and Production 30(12):39-40. 2010.

119. © The effect of desiccation stress and hydrogel
use on seedling physiology and growth in Juniperus
foetidissima. Deligoz, A., Yildiz, D., and Cetinkaya, A.
Fresenius Environmental Bulletin 20(2):528-533. 2011.

110. Fungicides in unique mode-of-action groups.
Chase, A. R. Greenhouse Management and Production
30(11):28-29. 2010.
111. Mode of action group 33: phosphonates. Chase,
A. R. Greenhouse Management and Production
30(9):24-26. 2010.

120. Effect of fertilisation on the development of
freezing tolerance in silver birch (Betula pendula
Roth.) and blue holly (Ilex x meserveae S.Y. Hu ‘Blue
Princess’). Held, A. K., Lindqvist, H., and Asp, H. European Journal of Horticultural Science 75(4):165-171.
2010.

112. © Nontarget deposition and losses of chlorothalonil in irrigation runoff water from a commercial
foliage plant nursery. Wilson, P. C., Riiska, C., and Albano, J. P. Journal of Environmental Quality 39:21302137. 2010.

121. © Gene expression changes during short day
induced terminal bud formation in Norway spruce.
Asante, D. K. A., Yakovlev, I. A., Fossdal, C. G., and
Holefors, A. Plant, Cell and Environment 34:332-346.
2011.

113. Pre-mix fungicides and mode-of-action groups.
Chase, A. R. Greenhouse Management and Production
30(10):54, 56, 57. 2010.
114. Soil fumigants -- risk mitigation measures for
reregistration. Olson, E. IN: National Proceeding:
Forest and Conservation Nursery Associations - 2009.
USDA Forest Service, Rocky Mountain Research Station, Proceedings RMRS-P-62, p. 77-81. 2010.

122. © Impact of soil pressure and compaction on
tracheids in Norway spruce seedlings. Gebauer, R.,
Volarik, D., and Martinkova, M. New Forests 41:75-88.
2011.
123. © Inadequate cold tolerance as a possible limitation to American chestnut restoration in the northeastern United States. Gurney, K. M., Schaberg, P.
G., Hawley, G. J., and Shane, J. B. Restoration Ecology
19(1):55-63. 2011.
124. © Root carbon reserve dynamics in aspen seedlings: does simulated drought induce reserve limitation? Galvez, D. A., Landhausser, S. M., and Tyree, M.
T. Tree Physiology 31:250-257. 2011.

115. © Correlated responses of root growth and sugar
concentrations to various defoliation treatments and
rhythmic shoot growth in oak tree seedlings (Quercus pubescens). Willaume, M. and Pages, L. Annals of
Botany 107:653-662. 2011.

125. Seasonal changes in the physiological characteristics of Anatolian black pine and the effect on seedling quality. Deligoz, A. Turkish Journal of Agriculture
and Forestry 35:23-30. 2011.

116. Correlations between growth variables and the
Dickson quality index in forest seedlings. Binotto,
A. F., Dal Col Lucio, A., and Lopes, S. J. Cerne, Lavras
16(4):457-464. 2010.

126. A topical spray to enhance plant resistance to
cold injury and mortality. Francko, D. A., Wilson,
K. G., Li, Q. Q., and Equiza, M. A. HortTechnology
21(1):109-. 2011.
32

Forest Nursery Notes

Summer 2011

136. © Seed germination of montane forest species
in response to ash, smoke and heat shock in Mexico.
Zuloaga-Aguilar, S., Briones, O., and Orozco-Segovia,
A. Acta Oecologica 37:256-262. 2011.
137. Seed maturation, flower receptivity, and selfing
in sweetgum (Liquidambar styraciflua L.). Tauer, P.
K. and Tauer, C. G. Tree Planters Notes 54(1):18-23.
2011.

127. Comparisons between two economically valuable forest species (Eucalyptus grandis and Pinus
taeda) in relation to seed behaviour under controlled
deterioration. Fantinatti, J. B. and Usberti, R. Revista
Avore, Vicosa-MG 35(1):77-84. 2011.

138. © Testing the environmental prediction hypothesis for mast-seeding in California oaks. Koenig, W.
D., Knops, J. M. H., and Carmen, W. J. Canadian Journal of Forest Research 40:2115-2122. 2010.

128. © Consequences of cutting off distal ends of
cotyledons of Quercus robur acorns before sowing.
Giertych, M. J. and Suszka, J. Annals of Forest Science
68:433-442. 2011.

139. © To germinate or not to germinate: more than
just a question of dormancy. Thompson, K. and Ooi,
M. K. J. Seed Science Research 20:209-211. 2010.
140. Topographic tetrazolium testing of black walnut
(Juglans nigra L.) seeds. Flores, P. C., Poggi, D., Garcia, S. M., and Gariclio, N. F. Seed Science and Technology 39:230-235. 2011.

129. Effect of different storage conditions in recalcitrant seeds of holm oak (Quercus ilex L.) during
germination. Pasquini, S., Braidot, E., Petrussa, E., and
Vianello, A. Seed Science and Technology 39:165-177.
2011.
130. © Effect of long-phase stratification treatments on seed germination in ash. Doody, C. N. and
O’Reilly, C. Annals of Forest Science 68:139-147. 2011.
131. Equilibrium relative humidity as a tool to monitor seed moisture. Karrfalt, R. P. IN: National Proceeding: Forest and Conservation Nursery Associations
- 2009. USDA Forest Service, Rocky Mountain Research
Station, Proceedings RMRS-P-62, p. 43-45. 2010.

141. © Afforestation effect on soil quality of sand
dunes. Akca, E., Kapur, S., Tanaka, Y., and Kaya, Z.
Polish Journal of Environmental Studies 19(6):11091116. 2010.

132. © Making a smoker to produce cellulose-based
smoke for treating forest tree seeds. Roeder, K., West,
J., and Smith, B. Native Plants Journal 12(1):27-29.
2011.

142. Breaking it down: Growers can get the most
value from their compost by having it analyzed first.
Sullivan, D. M. and Costello, R. Digger 54(10):41-42,
44-46. 2010.

133. Optimization of seed germination in Prunus
species combining hydrogen peroxide or gibberellic acid pre-treatment with stratification. Imani, A.,
Rasouli, M., and Tavakoli, Zarifi E. Seed Science and
Technology 39:204-207. 2011.

143. Consider rice hulls as a media component.
Jarahian, S. Greenhouse Management and Production
30(12):26-29. 2010.
144. Developing moisture characteristic curves and
their descriptive functions at low tensions for soilless
substrates. Altland, J. E., Owen, J. S., Jr., and Fonteno,
W. C. Journal of the American Society for Horticultural Science 135(6):563-567. 2010 .

134. © Propagation and seedling cultivation of the
endemic species Nothofagus alessandrii Espinosa in
central Chile. Santelices, R., Navarro-Cerrillo, R. M.,
and Drake, F. Restoration Ecology 19(2):177-185. 2011.
135. © Relationship between acorn size and seedling
morphological and physiological traits of Quercus
ilex L. from different climates. Bonito, A., Varone, L.,
and Gratani, L. Photosynthetica 49(1):75-86. 2011.

145. Effect of organic amendments on Douglas-fir
transplants grown in fumigated versus non-fumigated soil. Khadduri, N. IN: National Proceeding:
33

Forest Nursery Notes

Summer 2011

156. Whole tree: a more sustainable environmentally friendly substrate. Yao, S. Agricultural Research
58(7):28-29. 2010.

Forest and Conservation Nursery Associations - 2009.
USDA Forest Service, Rocky Mountain Research Station, Proceedings RMRS-P-62, p. 46-50. 2010.
146. Effects of pine sawdust, hardwood sawdust, and
peat on bareroot soil properties. Koll, P., Jurgensen,
M. F., and Dumroese, R. K. IN: National Proceeding:
Forest and Conservation Nursery Associations - 2009.
USDA Forest Service, Rocky Mountain Research Station, Proceedings RMRS-P-62, p. 69-73. 2010.
147. How to be more media storage savvy. Steinkamp,
B., Poole, H., Tilley, M., and Gibson, J. Greenhouse
Management 31(2):30, 55-57. 2011.

157. Bio fertilization of oil palm (Elaeis guineensis
Jacq.) crop in nursery phase. Hernandez, J. A., Abreu,
A., Labarca, M., and Faria, A. Rev. Fac. Agron. (LUZ)
28:57-70. 2011.

148. © Hydro-physical characteristics of selected
media used for containerized agricultural systems.
Kumar, V., Guerrero, F. M., Tansel, B., and Savabi, M.
R. Agricultural Water Management 98:314-320. 2010.

158. © Can native tree species plantations in Panama
compete with teak plantations? An economic estimation. Griess, V. C. and Knoke, T. New Forests 41:13-39.
2011.

149. Investigating two pathways to replacing methyl
bromide. O’Brien, D. Agricultural Research 59(3):1213. 2011.

159. Macronutrient deficiency symptoms in Betula
alnoides seedlings. Chen, L., Zeng, J., Xu, D. O., Zhao,
Z. G., and Guo, J. J. Journal of Tropical Forest Science
22(4):403-413. 2010.

150. © Oxygen and carbon dioxide distribution
and movement in passively aerated compost piles.
Poulsen, T. G. Compost Science and Utilization
19(1):25-32. 2011.

160. © Resistance of red mangrove (Rhizophora mangle L.) seedlings to deflection and extraction. Boizard,
S. D. and Mitchell, S. J. Trees 25:371-381. 2011.

151. © Pelleted biochar: chemical and physical properties show potential use as a substrate in container
nurseries. Dumroese, R. K., Heiskanen, J., Englund, K.,
and Tervahauta, A. Biomass and Bioenergy 35:20182027. 2011.

161. Seed germination of selected dry deciduous trees
in response to fire and smoke. Singh, A. and Raizada,
P. Journal of Tropical Forest Science 22(4):465-468.
2010.

152. Physical properties of and plant growth in peatbased root substrates containing glass-based aggregate, perlite, and parboiled fresh rice hulls. Evans, M.
R. HortTechnology 21(1):30-. 2011.

162. © Seed reserve composition in 19 tree species
of a tropical deciduous forest in Mexico and its relationship to seed germination and seedling growth.
Soriano, D., Orozco-Segovia, A., Marquez-Guzman, J.,
and Kitajima, K. Annals of Botany 107:939-951. 2011.

153. Preparation of artificial substrates for plant
growth optimization in environmental restoration.
Cella, R., Ciccu, R., and Digita, S. D. IN: 12th International Symposium on Environmental Issues and
Waste Management in Energy and Mineral Production
SWEMP 2010, Proceedings. Czech University of Life
Sciences, Prague. 9 p. 2010.

163. Water application rate and frequency affect
seedling survival and growth of Vangueria infausta
and Persea americana. Mng’omba, S. A., Akinnifesi, F.
K., Sileshi, G., and Ajayi, O. C. African Journal of Biotechnology 10(9):1593-1599. 2011.

154. Seed germination bioassay for toxicity evaluation of different composting biodegradable materials. Mitelut, A. C. and Popa, M. E. Romanian
Biotechnological Letters 16(1):121-. 2011.
155. Trends in the peat industry. Short, P. Greenhouse Management 31(3):48, 50, 53. 2011.

34

Forest Nursery Notes

Summer 2011

Riemens, M. M., Groeneveld, R. M. W., Kropff, M. J. J.,
and Lotz, L. A. P. Weed Science 58:490-496. 2010.
173. © Living without herbicides in Quebec (Canada): historical context, current strategy, research
challenges in forest vegetation management.
Thiffault, N. and Roy, V. European Journal of Forest
Research 130:117-133. 2011.

164. Biocontainer water requirements. Taylor, M.,
Evans, M., and Kuehny, J. Greenhouse Management
31(5):32-34. 2011.

174. © Long-term response of weed control intensity
on Scots pine survival, growth and nutrition on former arable land. Hytonen, J. and Jylha, P. European
Journal of Forest Research 130:91-98. 2011.

165. Determining irrigation distribution uniformity
and efficiency for nurseries. Fernandez, R. T. IN:
National Proceeding: Forest and Conservation Nursery Associations - 2009. USDA Forest Service, Rocky
Mountain Research Station, Proceedings RMRS-P-62.
p. 64-66. 2010.

175. Microencapsulated herbicide-treated bark
mulches for nursery container weed control. Mathers,
H. M. and Case, L. T. Weed Technology 24:529-537.
2010.
176. On the identity of the weedy bittercresses (Cardamine: Brassicaceae) in United States nurseries:
evidence from molecules and morphology. Post,
A. R., Ali, R., Krings, A., and Xiang, J. Weed Science
59(1):123-135. 2011.

166. Evapotranspiration-based irrigation scheduling
for container-grown Viburnum odoratissimum (L.)
Ker Gawl. Million, J. B. and Yeager, T. H. HortScience
45(11):1741-1746. 2010.
167. Handling stormwater and wastewater management. Bartok, J. W., Jr. Greenhouse Management and
Production 30(9):36-37. 2010.

177. Rolled rye mulch for weed suppression in organic no-tillage soybeans. Smith, A. N., Reberg-Horton, S. C., Place, G. T., and Meijer, A. D. Weed Science
59:224-231. 2011.
178. Sulfometuron methyl: its use in forestry and
potential phytotoxicity. Robertson, N. D. and Davis,
A. S. IN: National Proceeding: Forest and Conservation
Nursery Associations - 2009. USDA Forest Service,
Rocky Mountain Research Station, Proceedings RMRSP-62, p.51-58. 2010.

168. Controlling summer annual weeds. Altland, J.
American Nurseryman 211(4):6-8. 2011.
169. The effects of pre- and post-emergent herbicides
on non-target native plant species of the longleaf
pine ecosystem. Kaeser, M. J. and Kirkman, K. Journal
of the Torrey Botanical Society 137(4):420-430. 2010.
170. © Influence of sulfometuron methyl on American chestnut seedling growth and leaf function.
Robertson, N. D. and Davis, A. S. Northern Journal of
Applied Forestry 28(1):36-. 2011.
171. Interaction of prodiamine and flumioxazin for
nursery weed control. Wehtje, G., Gilliam, C. H., and
Marble, S. C. Weed Technology 24:504-509. 2010.
172. Linking farmer weed management behavior
with weed pressure: more than just technology.
35

Forest Nursery Notes

Summer 2011

Contact Information for Reforestation, Nurseries, and Genetic Resources (RNGR) Team
http://www.rngr.net
Technology Transfer Services

Area of Responsibility

Who to Contact

• National Nursery Specialist
• Forest Nursery Notes
• Container Tree Nursery Manual
• Proceedings of Nursery Meetings
• Native Plants Journal

US and International

Kas Dumroese
USDA Forest Service
1221 S. Main Street
Moscow, ID 83843
TEL: 208.883.2324 • FAX: 208.883.2318
E-Mail: kdumroese@fs.fed.us

• Technical Assistance about Forest,
Conservation, and Native Plant
Nurseries
• Tree Planters’ Notes

Western US

Diane L. Haase
USDA Forest Service
PO Box 3623
Portland, OR 97208
TEL: 503.808.2349 • FAX: 503.808.2339
E-Mail: dlhaase@fs.fed.us

• Technical Assistance about Tree
Improvement and Genetic
Resources
• Technical Assistance about Forest
and Conservation Nurseries

Southeastern US and
International

George Hernandez
USDA Forest Service
1720 Peachtree Road NW
Atlanta, GA 30367
TEL: 404.347.3554 • FAX: 404.347.2776
E-Mail: ghernandez@fs.fed.us

• Technical Assistance about Tree
and Shrub Seed

US and International

Bob Karrfalt
National Seed Laboratory
5675 Riggins Mill Road
Dry Branch, GA 3 1020
TEL: 478.751.4134 • FAX: 478.751.4135
E-Mail: rkarrfalt@fs.fed.us

• Technical Assistance about
Tree Improvement and Genetic
Resources
• Technical Assistance about Forest,
Conservation, and Native Plant
Nurseries

Northeastern US and
International

Ron Overton
Regeneration Specialist
USDA Forest Service
Purdue University
715 West State Street
West Lafayette, IN 47907
TEL: 765.496.6417 • FAX: 765.494.9461
E-Mail: roverton@fs.fed.us

• Technical Assistance to Native
Americans regarding Nurseries,
Reforestation, and Restoration

US and International

Jeremy Pinto
USDA Forest Service
1221 S. Main Street
Moscow, ID 83843
TEL: 208.883.2352 • FAX: 208.883.2318
E-Mail: jpinto@fs.fed.us

36

Forest Nursery Notes

Summer 2011

Literature Order and Mailing List Update Form
Summer 2011
Please fill out a separate order form for each person receiving FNN.
For items that require a copyright fee, you will receive the title page with abstract and
ordering instructions if you want the entire article. Fax or mail this form to:
Forest Nursery Notes
J.H. Stone Nursery
2606 Old Stage Rd.
Central Point, OR 97502
TEL: 541.858.6166
FAX: 541.858.6110
E-mail: rewatson@fs.fed.us

Name:

Position:

Department:

Nursery or Company:

Mailing address:
Street Address:
City:

State or Province:

Country:

Zip or Postal Code:

Telephone:

FAX:

E-mail:

Website:

= Yes, please send me a CD with all the aarticles in the New Nursery Literature Section
= Yes, please keep me listed on the FNN mailing list.

37

U.S. DEPARTMENT
OF AGRICULTURE
FOREST SERVICE
J. HERBERT STONE NURSERY
2606 OLD STAGE ROAD
CENTRAL POINT, OR 97502
OFFICIAL BUSINESS
PENALTY FOR PRIVATE
USE TO AVOID PAYMENT
OF POSTAGE $300

FIRST CLASS
U.S. POSTAGE PAID
LINCOLN, NE
PERMIT NO. G-40

