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Nursery Meetings
This section lists upcoming meetings and conferences that would be of interest to nursery, reforestation, and
restoration personnel. Please send us any additions or corrections as soon as possible and we will get them into
the next issue.
The 2008 Western Forest and Conservation Nursery Association (WFCNA) meeting will take place in Missoula,
Montana June 23 to June 25, 2008. June 26 is an optional day for those who would like to stay for a white water
rafting trip. We have an exciting agenda this year. The first day will be dedicated to energy efficiency and
alternative energy in the nursery: growers will present their experience using alternative energy or implementing
cultural practices that reduce energy costs. During the second day, we will address general nursery topics with an
emphasis on alternative growing media for container production. An agenda will be available soon. For more
information contact:
Richard Zabel
Richard@westernforestry.org
or
Gabriela Buamscha
gbuamscha@fs.fed.us

The Southern Forest Nursery Association (SFNA) meeting will be held in Asheville, North Carolina on July 22 to
July 24, 2008 at the Crown Plaza Resort. There will be 3 half day sessions of presentations and 2 field trips. One
will be to North Carolina Forest Service Linville Nursery and one will be to the Biltmore Estate for a tour of where
the science of forestry was first practiced in the US. For more information contact:
George Hernandez
USDA Forest Service
1720 Peachtree Road, NW
Atlanta, GA 30309
TEL: 404.347.3554
FAX: 404.347.2776
Email: ghernandez@fs.fed.us
A special joint meeting of the Eastern and Western Regions of the International Plant Propagators’ Society (IPPS)
will be held at the Denver Marriott City Center in Denver, Colorado on September 14 to September 17, 2008. In
addition to tours of local nurseries, the presentations will highlight propagation techniques, new plants, and plant
breeding and selection with an emphasis on the Rocky Mountain region. For more information, check-out the
IPPS website: www.ipps.org/WesternNA

The 29th Intermountain Container Seedling Growers’ Association meeting is set for October 7 to October 9, 2008
in Coeur d’Alene, Idaho. Updates will be available at http://seedlings.uidaho.com as they become available. For
more information contact:
Anthony Davis
University of Idaho
asdavis@uidaho.edu
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Nursery stock is at its maximum quality immediately
before harvesting. Although nursery folks know that
their plants are alive and perishable, once seedlings
leave the nursery bed or greenhouse they will be
Nursery plants are in a period of high risk from when
handled by many other people who lack this
they leave the protected environment of the nursery to
understanding. Stressful injuries can occur at any of the
when they are outplanted. Good guidelines for proper
steps between lifting from the nursery and outplanting.
care during this critical time have been published for
bareroot nursery stock (DeYoe 1986, USDA 1989), and Outplanting success is dependent on maintaining plant
quality by minimizing stress at each phase of the
the same guidelines apply to container plants. During
handling and shipping, nursery stock may be exposed to operation. It is useful to think of plant quality as a chain
in which each link represents one of the sequences of
many damaging stresses including extreme
events from harvesting and storage at the nursery until
temperatures, desiccation, mechanical injuries, and
planting at the outplanting site (Figure 1). The
storage molds (Table 1). This is also the period of
cumulative effect of the various stresses can be much
greatest financial risk because nursery plants have
greater than the sum of separate effects (McKay 1997).
reached their maximum value right before shipping
(Paterson and others 2001). Adams and Patterson
(2004) concluded that improper handling of nursery
stock was a more important factor than the type of
outplanting tool.
Maintaining Stock Quality After Harvesting
by Thomas D. Landis and Diane Haase

Figure 1 - Nursery plants are subjected to a series of stresses from the time they are harvested to when they
are outplanted. Each stage in the process represents a link in a chain, and overall plant quality is only as
good as the weakest link.
Table 1 - Nursery plants are subjected to a series of potential stresses from harvest through outplanting
Potential Levels of Stress

Process
Temperature
Extremes

Desiccation

Mechanical
Injuries

Nursery Storage
Handling
Shipping
On-Site Storage
Outplanting

Levels of Stress

Low

Medium
4

High

Storage Molds
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As stress increases, the plant shifts energy from growth
to damage repair. Physiological functions are damaged
and survival and growth are reduced. These effects are
exacerbated further when plants are outplanted on harsh
sites.
Three stresses are most common after stock leaves the
nursery: moisture, temperature, and physical (McKay
1997).
1. Moisture stress. Desiccation is the most common
stress encountered during shipping, handling, and
storage at the field site (on-site storage), and can have a
profound effect on survival and growth. Plant water
potential influences every physiological process and can
greatly reduce growth even if survival is unaffected.
These damaging effects can persist for several seasons
after outplanting.
Roots are the most vulnerable to desiccation because,
unlike leaves and needles, they have no waxy coating or
stomata to protect them from water loss. Fine root tips
have a greater moisture content than woody roots and
are most susceptible to desiccation. If fine roots appear
dry, then they are probably already damaged although it
is difficult to quantify the amount of injury in the field.
When exposed for just 5 minutes, bareroot conifer
seedlings exhibited increasing moisture loss with
increasing air temperature and wind speed (Figure 2).
This shows the critical importance of keeping nursery
plants cool, out of direct sunlight, and protected from
drying winds.

Figure 3 – Cooler-stored Norway spruce (Picea
abies)seedlings exposed to short periods of warm
temperatures (17 °C [63 °F]), rapidly broke
dormancy once the chilling requirement had been
met. Modified from Hanninen and Pelkonen (1989).
Fortunately, roots of container plants are protected
somewhat by the growing medium, which serves as a
reservoir of water and nutrients. If the plug is allowed to
get too dry, however, desiccation damage can be severe.
Once roots have dried, subsequent growth reductions are
inevitable, even when shoot water potential recovers
(Balneaves and Menzies 1988). Dormant conifer plants
are more vulnerable to damage from root exposure than
dormant hardwood plants because their foliage
continues to transpire through storage, shipping,
handling, and outplanting.
Moisture stress can be avoided by making sure plugs are
kept moist (but not saturated) throughout their journey
from nursery to outplanting. Container stock should be
irrigated 1 to 2 days before harvesting depending on
weather conditions (Fancher and others 1986). This
allows the plugs to drain to field capacity; saturated
media is unhealthy for roots, increases shipping and
handling weight, and increases the potential for storage
molds.

Figure 2 - When bareroot conifer nursery stock was
exposed for 5 minutes, plant moisture loss increased
with higher temperatures and wind until plant survival
and growth were adversely affected. Modified from
Fancher and others (1986).

2. Temperature stress. Either hot or cold temperature
extremes can quickly reduce the quality of nursery
plants during handling and shipping. Exposure to
improper temperatures can damage stock in several
ways:
5
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Figure 4 - When bags of conifer seedlings were dropped from different heights, their ability to produce new
roots (root growth capacity) was significantly reduced (A). This mechanical injury still affected plant growth 2
years after outplanting (B). Modified from Stjernberg (1996).
Freezing damage - Although not as widely appreciated,
freezing temperatures can also damage nursery stock.
Because they are much less cold-hardy, roots are much
more susceptible than shoots to freeze damage.
Ambient and in-box temperatures should be monitored
regularly; temperature monitoring equipment is now
inexpensive and readily available. Freezing damage has
even occurred in cooler storage during shipping because
of equipment failure. This is common because
refrigeration units on shipping vans are notoriously
fickle and air circulation is restricted. Boxes in the front
of the van near the refrigeration units will necessarily be
Loss of bud dormancy - Nursery plants that are stored
colder than those in the back. Resist the temptation to
overwinter are harvested at peak hardiness, which is
overpack trucks and leave adequate space for good air
ideal for storage, shipping, and handling. When ready
circulation (Rose and Haase 2006). Stock that has been
for outplanting, properly stored plants have had their
cooler stored should be shipped at these same
chilling requirements fully satisfied, and cold
temperatures (0.5 to 1 oC [33 to 34°F]), whereas frozen
temperature is the only environmental factor that
stock can be shipped under warmer temperatures to
prevents resumption of growth. Once the chilling
requirement has been met, exposing stored nursery stock begin the thawing process.
to even a short period of warm temperatures will rapidly
3. Physical stresses. Boxes of nursery plants are
break dormancy (Figure 3).
handled many times from when they leave the nursery
until the plants are finally outplanted (McKay 1997).
Moisture stress - Stagnant air within the storage or
shipping bag or box is a poor heat conductor, but direct Rough handling can result in reduced plant performance
after outplanting. Each person involved in the handling
sunlight and wind can rapidly increase plant
and shipping of nursery stock should receive training on
temperatures and cause serious moisture stress.
how to minimize physical stresses.
Heat stress - Remember that stored nursery plants are
The potential for physical damage to nursery stock can
alive and respiring. This means, when plants are
come from dropping, crushing, vibrating, or just rough
exposed to warm temperatures, their respiration adds
heat to their environment and this is particularly serious handling. It’s easy to forget that nursery plants are alive
when they are in boxes. Studies have shown that the
in closed environments such as storage bags or boxes.
stress of dropping boxes of seedlings reduced root
Maintaining good air circulation in storage areas,
growth potential, decreased height growth, increased
especially non-refrigerated storage, will minimize heat
mortality, and increased fine-root electrolyte leakage
build-up due to plant respiration.
(Tabbush 1986; Sharpe and others 1990; McKay and
Increased hazard from storage molds - Pathogenic fungi,
such as Botrytis mold, can survive in all types of storage
and may grow rapidly during shipping in the humid
environment of a storage bag or box if the temperatures
are too warm. Increased carbon dioxide from plant
respiration in storage and shipping containers is also
thought to stimulate fungal development. There have
been anecdotal reports of storage mold “blowups” in
boxes of freezer stored nursery stock after only a few
days exposure to ambient conditions.
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Summary and Conclusions
Nursery plants are at their peak of quality before lifting
but, once harvested, they are exposed to a variety or
stresses during handling, storage, and transport.
Moisture stress, especially desiccation of roots, can
severely impact subsequent growth and survival after
outplanting. Even short exposures to cold temperatures
can injure or kill plant tissues. Exposure to warm
temperatures can accelerate the loss of bud dormancy as
well as increase development of storage molds.
Mechanical damage caused by rough handling is also a
risk factor for nursery plants during every step of the
way from nursery to outplanting. All these stresses are
cumulative and can combine to reduce nursery plant
quality. However, through careful handling and attention
to minimize potential stresses, high plant quality can be
maintained until outplanting.
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The New Zealand Root Pruner featured a thin, serrated
blade which oscillated back and forth to precisely cut
seedling roots. These new root culturing procedures of
Tree seedlings are a unique crop. We spend most of our undercutting and wrenching produced seedlings with
dense fibrous root systems that were previously only
time and effort in the nursery to produce a healthy,
available with transplants (Van Dorrser and Rook1972.).
vigorous shoot, and most cultural activities are
To confirm their quality, outplanting trials of root
scheduled according to shoot phenology and growth.
cultured 2+0 seedlings showed good survival and
This is understandable as the shoot is the part of
seedling that we can easily observe. Roots are, however, growth. Undercutting, lateral pruning and wrenching
the business end of a seedling. One of the sayings that I had become standard nursery practices in most conifer
frequently use in training sessions is that "tree seedlings nurseries by the 1980s (Duryea 1984, 1986). Forest
Nursery Practice (1994) devotes an entire chapter to
are a root crop". While it may seem technically
inaccurate to compare seedlings to carrots or potatoes, I root culturing. This practice is also discussed in detail
in the Bareroot Stock Production chapter in
think that the analogy is useful in getting growers to
Regenerating the Canadian Forest: Principles and
consider the importance of properly culturing root
Practice for Ontario (Mohammed and others 2001).
systems. Even the best nursery stock will fail after
outplanting if the roots are not functioning properly and
Root culturing of hardwood seedlings took a little longer
can rapidly grow out (“egress”) into the surrounding
to develop. With the increased demand for broadleaved
soil.
nursery stock since the early 1990s, more research was
undertaken on hardwood nursery culture, especially the
The history of root culturing - Culturing roots in
root systems. McNabb (2004) reported that root
bareroot nurseries is nothing new. The classic nursery
culturing of hardwoods in southern nurseries was
manual "Nursery Practice on the National Forests",
which was printed in 1917, has an entire section on root primarily used to control shoot height. In a recent survey
of southern hardwood nurseries, however, undercutting,
pruning. In the ensuing years, root pruning was
lateral pruning and wrenching were commonly
mentioned only sporadically in the nursery literature
implemented based on customer preference (Vanderveer
because of a lack of effective mechanized equipment.
2005).
The most influential research on root culturing came
from “down under” in the late 1960s and early 1970s.
Root Culturing in Bareroot Nurseries
by Thomas D. Landis

Table 1 - Root culturing in bareroot nurseries: terminology and operational uses
Term

Function

Cultural Objective

Implement

Timing

1) Encourage root fibrosity Sharp fixed blade, or
Once to several times
Undercutting Cut roots in a
horizontal plane in 2) Reduce shoot height
oscillating blade
per season, or prior to
the root zone
3) Stimulate budset
covering full bed width harvesting
Vertical or
lateral
pruning

Cut roots in a
vertical plane
between rows

1) Encourage root fibrosity Sharp fixed blades or
2) Facilitate harvest
coulters spaced between rows

Box pruning

Cut roots in 3
dimensions:
bottom, between
rows, and between
plants in a row

1) Encourage root fibrosity Three step process:
Just before harvesting
2) Facilitate harvest
1) Undercutting
2) Vertical pruning
between rows
3) Hand pruning within
rows

Wrenching

Induce moisture
stress and loosen
soil within rooting
zone

1) Control shoot height
2) Stimulate budset
3) reduce soil compaction

Dull fixed blade set at
an angle covering full
bed width

Once to several times
per season, or prior to
harvesting

Once to several times
per season

Root Pruning This is done on the grading table after harvest and should be called bench pruning
9
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A
Figure 1 - Undercutting can be done with
a sharp, fixed blade (A) or with specialized undercutting equipment (B) that features a thin oscillating blade (C).

C

Vertical or lateral pruning (sidecutting) - This root
pruning treatment severs seedling roots in a vertical
plane by pulling sharp blades or coulters between the
rows. The positioning of the cutters must be carefully
monitored so that they travel halfway between the rows
of seedlings (Figure 2A). Therefore, lateral pruners are
belly-mounted so that they can be controlled by the
tractor driver or pulled behind the tractor and controlled
Root culturing - This is a general term for any nursery by a separate operator (Figure 2B). Some nurseries
lateral prune their stock during the growing season, and
cultural practice designed to modify root growth or
morphology while the seedling is still in the nursery bed this root culturing treatment is also popular just before
harvesting. Ninety-five percent of Northwest nurseries
(Duryea 1984) and 72% of southern nurseries (Duryea
Undercutting - This can be done with either a sharp
fixed blade (Figure 1A) or thin oscillating blade (Figure 1986) lateral prune their stock.
1B-C) that is pulled along a horizontal plane in the root
zone of the nursery bed. The undercutting action severs Box pruning - Box pruning consists undercutting
followed by vertical pruning between rows and between
the taproot and all other roots extending beyond the
plants. (See discussion in Mechanical Pruning).
regulated depth of the blade. Oscillating blades work
well in sandy soils, but fixed blades are needed for
Wrenching - This multi-purpose root culturing
nurseries challenged by heavier-textured soils; neither
treatment consists of pulling a thick, angled blade (20°
works well in rocky soils. Based on nursery surveys,
95% of Pacific Northwest nurseries (Duryea 1984) and to 30°) at specified depths under the seedbeds (Figure
3A). Wrenching can be used in any soil texture except
57% of southern conifer nurseries (Duryea 1986)
highly compacted silts and clays and, like undercutting,
undercut their stock.
Root Culturing Treatments. Reading through the
published literature or talking to nursery workers, you’ll
find the terms used for root culturing can be rather
confusing and sometimes contradictory. Updating my
1989 FNN article with the latest published literature
(Menes and McDonough 1994), I came up with the
following definitions (Table 1):

10
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Figure 2 - Lateral pruning equipment must be carefully positioned between the rows of seedlings (A), and so is
either belly-mounted or pulled behind the tractor with a separate operator (B).
cannot be used in rocky soils. Because the angled blade
tends to plane upwards, extra weights are need to keep
the blade in the proper plane (Figure 3A). Because
wrenching blades are not as effective in cutting roots,
this operation is easier and more effective when done
immediately after a separate undercutting. In addition to
its effects on root morphology, wrenching is also used to
loose and aerate the soil in the root zone (Figure 3B).
This is especially effective to increase water infiltration
and improve air exchange in compacted seedbeds.
Based on surveys, 80% of bareroot conifer nurseries in
the Pacific Northwest (Duryea 1984) and 35% in the
south (Duryea 1986) wrench their seedlings.
Root pruning - This term should only be applied to
trimming roots to desired length specifications during
grading.

Root Culturing Objectives. Nurseries apply root
culturing treatments for a variety of reasons:
1. To create a compact and fibrous root system,
especially of tap-rooted species. In tests with loblolly
pine (Pinus taeda), frequent root culturing greatly
changed root morphology, resulting in more compact
root systems with more fine roots and better mycorrhizal
development. (Dierauf and others 1995a). Longleaf
pine (Pinus palustris) seedlings that received vertical
pruning (sidecutting) had more fibrous roots and had
significantly better outplanting survival than unpruned
stock (Hatchell and Muse 1990). Some broadleaved
seedlings have heavy stiff lateral roots that are often
broken and lost during harvesting. Undercutting
increased the number of first order lateral roots in
northern red oak at 3 different bed densities (Figure 4A).

Figure 3 - Wrenching (A) is
a multipurpose root culturing treatment that, in addition to cutting roots, can be
used to counteract the negative effects of soil compaction within the root zone (B).

A

B
11

Forest Nursery Notes

Winter 2008

A

B

C

D

Figure 4 - One of the most common root culturing
objectives is to create a more fibrous root system,
especially with tap-rooted plants (A). Another is to
reduce shoot height (B) and create a stockier plant
with thicker caliper and more roots. Wrenching is
used to create moisture stress and induce budset
(C), especially with species that are difficult to
bring into dormancy. Nursery soils naturally become compacted and so wrenching is applied at
intervals during the growing season to reduce bulk
density (D). The ultimate objective of any root culturing treatment is to increase outplanting performance, such as increased survival in northern red oak
(E). Figures A and E modified from Schultz and
Thompson (1997), B and C from Duryea (1998), D
from Miller and others (1985).

E
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2. To control shoot height, decrease the shoot-to-root
ratio, and create a seedling with transplant-like
characteristics. Research done with Douglas-fir
seedlings (Pseudotsuga menziesii) showed that
undercutting followed by wrenching was effective in
controlling shoot height at 2 different nurseries (Figure
4B). With white spruce, black spruce (Picea mariana)
and jack pine (Pinus banksiana), root pruned and
wrenched seedlings were shorter and had larger root
systems than the controls, resulting in better shoot-toroot ratios (Buse and Day 1989).
3. To encourage bud dormancy and condition plants
for storage and outplanting - This is a major objective
for species that continue to produce shoot growth late
into the season, such as the southern pines (May 1985).
In New Zealand, Monterey pine (Pinus radiata) do not
set bud during their first year so root wrenching
therefore is used to stop shoot growth and promote
budset (van Dorsser and Rook 1972). In a controlled
study, Douglas-fir seedlings set bud faster and more
completely after wrenching (Figure 4C).
4. To reduce soil bulk density and counteract
compaction - Wrenching creates a physical and
moisture stress that help control excessive shoot height.
It is also used to minimize the soil compaction that
inevitably occurs due to heavy equipment use. In a
loblolly pine nursery, the soil bulk density increased
almost 20% during one growing season (Figure 4D).
When this soil was wrenched, soil bulk density declined
as wrenching frequency increased (Miller and others
1985). Compaction is even worse in heavier soils, and
so wrenching would be even more effective.

Winter 2008

system resulted in improved outplanting survival (Figure
4E).
Conclusions and Recommendations
In my mind, there is no doubt that root culturing
works—the problem is using the right tool, in the right
way, and at the right time. So, here are my thoughts on
how to plan and implement a root culturing program at
your nursery:
1. Define your objectives - Root culturing operations
can have variable effects, and many nursery managers
make the mistake of trying to achieve several different
objectives with one operation. Root culturing can affect
seedling morphology and physiology in several ways:
control height growth, modify shoot-to-root ratio,
increase root fibrosity, induce seedling moisture stress,
and so on. Your objective will define what implement
you use, how you use it and, most importantly, the
timing of the operation. A root culturing treatment that
is being applied to control shoot height may not increase
root fibrosity at the same time.
On the other hand, don't apply root culturing treatments
as a matter of general policy. If you don't know why you
are doing an operation, then don't do it - any root
culturing treatment induces some measure of stress,
which can be harmful. Cultural operations that are
applied "for good measure" usually do more harm than
good.

2. Properly time root culturing practices - This is the
tough one. Don't try to schedule cultural operations by
the calendar because of variations in weather from year
5. Increase the yield of shippable seedlings. Root
to year and species/weather interactions. Get away from
culturing can be used to keep plants from exceeding
your desk and computer and go take a look at your
shoot height specifications. For example, precision
seedlings. Yes, the root system is difficult to observe but
sown and undercut Douglas-fir and Scots pine (Pinus
take a shovel with you and dig up some seedlings every
sylvestris) had higher yields of shippable seedlings than few weeks during the growing season. Observations of
the control (Deans and others 1989).
phenology and measurements of relative shoot and root
growth should be recorded and plotted to provide a
6. Improve outplanting performance. Of course, the permanent record. Shoot growth and root growth are
ultimate objective of any nursery treatment is to increase often inversely related so, after a few years of collecting
survival and growth after outplanting. In one study,
these measurements, you should have enough personal
outplanting survival of eastern white pine (Pinus
experience and data to permit estimation of root activity
monticola) was substantially increased by an average of based on shoot phenology. With blue oak (Quercus
18% by root culturing (Dierauf and others 1995b). In
douglassii) seedlings, the timing of the undercutting was
another with Douglas-fir, Sitka spruce (Picea sitchensis) critical to control both root fibrosity and shoot height
and Scots pine (Mason and others 1989), undercut plants (Krelle and McCreary 1992). They recommend
grown at the lowest bed density had the best survival
undercutting as early in spring as possible and again in
and growth after outplanting. Hardwood seedling
mid-summer. The first pruning should be as shallow as
quality is highly correlated with the number of first
possible without dragging under the young seedlings
order lateral roots (FOLR). When northern red oak
and the second pruning should be about two to three
(Quercus rubra) nursery stock was root cultured
inches below the first pruning.
(Schultz and Thompson 1997), the improved root
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3. Synchronize root culturing with other nursery
activities and soil conditions - Root culturing should
not be viewed as an independent operation. Irrigation, in
particular, will affect the success of root culturing
operations. Again, get out and check the soil profile with
a shovel rather than guess whether the soil is at the
proper moisture content because the surface appears
wet. The proper moisture content will also vary
depending on your objectives: wrenching requires
relatively dry soils for thorough fracturing, whereas
undercutting or sidecutting are most efficient when
relatively moist soils promote smooth movement of the
blade.

of Sitka spruce, Douglas fir and Scots pine. 1.
Morphology at the end of the nursery phase. Forestry 62
(Suppl.):53-60.

4. Select the right implement for the job - In my mind,
wrenching does not do a good job of cutting seedling
roots in many situations. If the objective is to promote a
more fibrous root system, I would consider undercutting
rather than wrenching. Because of the thickness and
angle of the blade, root wrenching equipment will often
drag seedling roots instead of clearly cutting them. It is
often necessary to undercut seedlings with a thin sharp
brace before attempting a wrenching operation,
particularly with tap-rooted species or older seedlings. If
the objective is to induce moisture stress to control top
growth, I would try wrenching and pass the blade
completely under the root zone to fracture the soil and
break soil-root contact.

Duryea ML. 1984. Nursery cultural practices: impact on
seedling quality. In: Duryea ML, Landis TD, editors.
Forest nursery manual: production of bareroot seedlings.
The Hague/Boston/Lancaster : Martinus Nijhoff/Dr. W.
Junk Publishers for Forest Research Laboratory, Oregon
State University, Corvallis: 143-164.

Dierauf TA, Scrivani JA, Chandler L. 1995a. Additional
tests of root pruning loblolly pine seedlings in the
seedbed. Charlottesville (VI): Virginia Department of
Forestry. Occasional Report 115. 14 p.
Dierauf TA, Scrivanik JA, Chandler L. 1995b. Root
pruning white pine seedlings in the seedbed.
Charlottesville (VI): Virginia Department of Forestry.
Occasional Report 116. 17 p.

Duryea, ML. 1986. Root and shoot pruning at southern
nurseries. In: Schroeder RA, compiler. Proceedings of
the Southern Forest Nursery Association; 22—24 Jul
1986; Pensacola, FL. P 114-129.

Hatchell GE, Muse HD. 1990. Nursery cultural practices
and morphological attributes of longleaf pine bare-root
stock as indicators of early field performance. Asheville
(NC): USDA Forest Service, Southeastern Forest
5. Follow-up and evaluate the operation - Both
undercutting and wrenching require follow-up irrigation Experiment Station. Research Paper SE-277. 34 p.
to avoid damaging moisture stress. Wrenching, in
Krelle B, McCreary D. 1992. Propagating California
particular, creates a severe moisture stress and heavy
native oaks in bareroot nurseries. In:
irrigation is normally required to repack the soil
Landis, TD, technical coordinator. Proceedings
particles around the seedling root system. The timing
Intermountain Forest Nursery Association. Fort Collins
and amount of irrigation will depend on cultural
(CO): USDA Forest Service, Rocky Mountain Forest
objectives, weather, soil type, and individual species
and Range Experiment Station. General Technical
response.
Report RM-211: 117-119.
Nurseries are busy places, and many times growers will
go on to the next activity without ever checking back to Mason WL, Sharpe AL, Deans JD. 1989. Growing
see if the root culturing worked or not. It's hard to assess regimes for bare-root stock of Sitka spruce, Douglas fir
and Scots pine. II. Forest performance. Forestry 62
the effects of any cultural operation at the end of the
growing season if you haven't taken the time to observe (Suppl.):275-284.
the physiological and morphological effects following
May JT, Belcher EW Jr, Cordell CE, Filer TH Jr, South
the operation.
D, Lantz CW. 1985. Southern pine nursery handbook.
Atlanta (GA): USDA Forest Service, Southern Region.
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Mechanical Root Pruning in Container Nurseries
by Thomas D. Landis and Don Willis
Trees and other native plants have aggressive root
systems when can become physically distorted and
physiologically impaired when grown in containers.
These “root-bound” plants can fail to perform after
outplanting and there have been instances of plantation
failure from “toppling”. Numerous articles have been
written on the problem and at least 2 symposia have
addressed root deformation in containers (Hulten 1982;
Van Eerden and Kinghorn 1978).
Attempts to remedy the root deformation problem have
taken 3 approaches, and we discussed the first two in
past FNN issues:
1. Chemical pruning - This involves coating the
interior walls of the container with a chemical that
inhibits root growth. Cupric carbonate (CuCO3) and

Winter 2008

copper oxychloride are commonly used. The chemical
barrier causes roots to be chemically pruned at the
container wall. These pruned roots become suberized
but will begin to grow again after outplanting (Landis
and others 1990).
2. Air pruning - Roots in all types of containers become
air pruned when they reach the drainage holes along the
bottom, and dry air causes roots to quit growing.
Sideslit or airslit containers use this same concept on the
sides as well as the bottom and field trials show that air
pruned roots grow out rapidly after outplanting. A wide
variety of these type of containers are commercially
available (Stuewe 2008).
3. Mechanical pruning - This third option has been the
least studied, primarily because the root pruning had to
be done by hand which made it cost prohibitive. The
classic research on mechanical pruning of bareroot
seedling roots was done in New Zealand back in the

A

Figure 1 - Mechanically boxed pruned
Vapo seedlings outperformed stock
grown in Styroblock™ or
Copperblock™ containers: shoot
height (A) root collar diameter (B),
and amount of new roots, (C).
Modified from Krasowski and Owens
(2000).
B
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1970s and early 1980s where they developed a new
three-dimensional root culture called “box pruning”.
Box pruning consists of the vertically cutting lateral
roots in all planes around the root system. Seedlings to
be box-pruned must be precision sown, so that they are
equally spaced within each row. A lateral root pruner is
used to cut roots between the rows, and then the roots
between seedlings in the are hand cut with a spade
(Brunsden 1981). Outplanting trials of box-pruned
nursery stock were very favorable, but the practice has
not been widely adopted because of the hand labor
involved.

A

B

Mechanical or box pruning of container stock has not
been possible except for seedlings grown in blocks of
peat-based growing media. For example, the Vapo
system consists of a block of compressed peat moss with
holes drilled in the top at regular spacing for seed
placement. The peat block is placed in a plastic tray
with slots on all sides to allow mechanical root pruning.
The result is a box-pruned container seedling with roots
cut on all sides. In a recent research trial with white
spruce (Picea glauca) container stock (Krasowski and
Owens 2000), box-pruned Vapo seedlings were
compared to standard Styroblock™ stock and seedlings
grown in Styroblock™ containers commercially treated
with copper (Copperblock™). When measured 3
growing seasons after outplanting, the mechanicallypruned seedlings had significantly greater shoot height
and stem diameter than the Styroblock™ and
Copperblock™ seedlings (Figure 1A). The mechanically
pruned Vapo seedlings also had better root egress in
different 3 root size classes, compared to seedlings from
Styroblock™ or Copperblock™ containers (Figure 1B).
One of the tree species that has shown the most
problems with root deformation after outplanting has
been lodgepole pine (Pinus contorta). In a comparison
study, mechanically pruned container seedlings had less
root deformation than conventionally produced stock in
Copperblock™ conainers. (Krasowski1995).

C
Figure 2 - The Jiffy® root pruning machine (A) has thin
saw blades that cut root between Jiffy plugs in both directions (B), which produces a box-pruned seedling that
is ready for outplanting (C). Photos by Don Willis.

Most nursery folks are familiar with Jiffy® pellets which
consists of compressed peat moss surrounded by a thin
plastic mesh. The pellets are arranged in a plastic tray,
and one of the challenges of the Jiffy pellet system has
been to prevent roots growing between the pellets.
Recently, the Jiffy engineers developed an innovative
mechanical root pruning machine (Figure 2A) that cuts
roots between the cells in both directions (Figure 2B).
The result is a mechanically box pruned seedling that
should perform very well after outplanting (Figure 2C).
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The Jiffy Mechanical Root Cutter has 2 loading stations
and a variable speed motor which allows for different
cutting cycle times depending on the amount of root
pruning required between the pellets. An average cutting
cycle time can range between 10 to 20 seconds. The
equipment is designed to invert the tray, remove the
carrying tray, and then the plastic insert before pushing
the seedlings into the protected cutting area. This allows
seedlings to be root pruned upside down (pellets
exposed) without damaging the foliage (Figure 2A).
The 2 sets of blades operate in 2 directions
simultaneously, and this cross-cut action keeps pellets
positioned properly during the full cycle. When finished
cutting, the carrying tray is placed back over the pellets
and inverted for carrying the seedlings to a holding area
or to packing stations.
For more information on the Jiffy root pruning
equipment, contact Don at:

Landis TD, Tinus RW, McDonald SE, Barnett JP. 1990.
Containers and growing media, volume 2, The
Container Tree Nursery Manual. Agriculture Handbook
674. Washington (DC): USDA Forest Service. 88 p.
Landis TD. 2005. Sideslit or airslit containers. Forest
Nursery Notes, Summer 2005. Central Point (OR):
USDA Forest Service, JH Stone Nursery.
Stuewe and Sons Inc. 2008. Tree seedling nursery
container catalog. Corvallis (OR): Stuewe and Sons Inc.
21 p. http://www.stuewe.com
Van eerden E, Kinghorn JM. 1978. Root form of planted
trees symposium, proceedings. 16—19 May 1978,
Victoria, BC. Victoria (BC): British Columbia Ministry
of Forests and Canadian Forestry Service. Joint Report
8. 357 p.
Vapo Group. Kekkilä OY, Tuusula, Finland.

Don Willis, Forestry Manager
Jiffy Products (NB) Ltd.
850 Widdifield Station Road, RR #1
North Bay, ON P1B 8G2
CANADA
TEL: 705.495.4781
FAX: 705.495.4771
E-MAIL: jiffy@vianet.ca
WEBSITE: www.jiffypot.com
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Distance between nursery and outplanting site Many nurseries are located at great distances, often
hundreds or even thousands of miles, from their
customers. The further the distance from nursery to
In North America, forest and native plant nurseries grow outplanting site, the greater the need for storage.
most of their stock for the traditional outplanting
windows during the winter and spring. Outplanting
Differences between the lifting window at the
nursery and outplanting windows. Nurseries are often
success has been best at these times because frequent
located in different climates than their customers to take
precipitation keeps soil moisture high, and low solar
input reduces transpirational water losses low (Figure 1). advantage of milder climates and longer growing
seasons. This is especially true in the mountainous west
where nurseries must be located in valleys at lower
elevations that have drastically different climates than
higher elevation outplanting sites.
Hot-planting Opens New Outplanting Windows at
High Elevations and Latitudes
by Thomas D. Landis and Douglass F. Jacobs

Therefore, eliminating the need for long-term storage
would save considerable hassle and expense as well as
avoid the numerous risks of holding plants overwinter.
What is “hot-planting”?
As the name suggests, “hot-planting” is when nursery
stock is harvested, shipped, and outplanted without
long-term refrigerated storage. For the reasons listed
Figure 1 - Most North American nursery stock is
above, hot-planting is not very common nowadays.
outplanted during the tradtional windows of winter and
Looking back, however, long-term storage wasn’t
early spring.
needed when all nurseries were established close to their
To meet customer’s demands, nurseries grow their stock outplanting sites. Plants were dug up in the nursery one
the year before, harvest them in the early winter and
day and shipped and outplanted within a few more.
store them until the outplanting sites are ready. In
Back then, transportation was slow and plant handling
locations where late winter or early spring outplanting is and packaging was rather simple. Knowing what we
possible, this means a few weeks to several months of
now do about plant physiology and stock quality, it’s
storage. Nurseries do a good job of hardening plants to amazing how well those early plantations performed.
endure the stresses of harvesting, storage, shipping, and
outplanting. If refrigerated storage is possible, the stock Although hot-planting has been used in both bareroot
is packaged in specially-designed bags or boxes to
and container nurseries, it is currently making a
protect the plants and minimize water loss. Other
comeback with container stock. Here are a couple of
nurseries store their plants in open or sheltered storage
examples:
until they can be shipped to customers. These practices
and scheduling have become so routine that nurseries
1. Fall outplanting at high elevations in western
and their customers don’t think much about them at all. North America - On most reforestation and restoration
sites, soil moisture is the overriding limiting factor to
plant survival and growth. On high elevation
Is Overwinter Storage Necessary?
outplanting sites, however, cold soil temperatures may
I like to stress that long-term storage is primarily an
be as important or perhaps even more important a
operational necessity rather than a physiological
limiting factor as soil moisture. Access to high
requirement for several reasons:
elevation planting sites may be restricted by snow that
may not melt until late June (Figure 2A), or even July
Facilitating harvesting and shipping - The large
(Jacobs 2004). That melting snow keeps soil
numbers of plants being produced at today’s nurseries
temperatures cool and, because root growth of a wide
means that it is physically impossible to lift, grade,
variety of native species is restricted below 10 oC (50
process, and ship all stock at the same time. Therefore, oF) (Figures 2B and 2C), these cold temperature can be
one of the primary benefits of storage facilities is that
limiting to outplanting success.
they help to “spread-out” scheduling and processing
during the busy harvesting and shipping seasons.
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So, container plants are being outplanted in the
fall to take advantage of warmer soils so that they
can produce enough new roots to become
established before winter. This allows plants to
become conditioned to the local environment and
break bud and grow rapidly the following spring
(Faliszewski 1998). The success of these
outplantings is very site dependent, however, and
hot-planted stock needs to be properly
conditioned.

A

B

2. Summer outplanting in boreal Canada and
Scandinavia - Instead of the typical late spring
outplanting, experience has shown that the
outplanting window can be extended into summer
months. Summer outplanting projects are also
being driven by a shortage of skilled planters and
the growing use of planting machines. Recent
research has shown that summer outplanting can
be effective. In Finland, for example, Norway
spruce (Picea abies) and silver birch (Betula
pendula) seedlings have been successfully hotplanted from mid-June through early-August.
The importance of warmer soil temperatures has
been proven by better root egress during these
summer outplantings than during the traditional
outplanting window of late May (Louranen and
others 2004, 2006). Summer outplanting has also
been widely used at northern latitudes in western
Canada (Revel and others 1990) and occasionally
in the mountains of the Pacific Northwest and
Rocky Mountains. For example, in 2005 more
than half of approximately 40 million planted
white spruce (Picea glauca) seedlings in Alberta,
Canada were outplanted during the summer (Tan
and others 2008).
Blackout as a Hardening Tool
One of the main reasons for the recent resurgence
of hot-planting is the use of short-day
(“blackout”) treatments to harden nursery stock
before summer or fall outplanting. Although
primarily used at high latitude nurseries (>45°) in
Canada and Scandinavia, blackout has recently
proven effective in northern California (Jacobs
and others 2008).

C
Figure 2 - Access to high elevation outplanting sites can be
delayed until late spring or even early summer due to
persistent snows (A). Research with tree seedlings from both
high elevations (B) and high latitudes (C), has shown that roots
do not grow or take up water in cold soils. B modified from
Lopushinsky and Max (1990); C modified from Tryon and
Chapin (1983).

Originally used to control flowering in
greenhouse flower crops, blackout has recently
been adapted to forest nurseries. A successful
blackout system must do 3 things (Jopson 2007):
1. Light must be reduced to low enough levels to
trigger budset and induce hardening—
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B

A

Figure 3 - Short-day treatments (“blackout”) helped condition white spruce seedlings for summer outplanting by
increasing cold hardiness (A) and new root egress (B). Modified from Tan and others (2008).
approximately 3 foot-candles (30 lux) for northern
California species. Research has shown that blackout
treatments as short as one week can be effective
although 3 to 6 weeks may be needed for less responsive
species and seed sources (Jopson 2007). In Norway, the
proper blackout treatment varies with seed source and
nursery location (Kohmann and Johnsen 2007).
2. Coverings must be porous to prevent the buildup of
high temperatures and humidity which can stress plants
and negate the effectiveness of the blackout treatment.

The Importance of Rapid Root Egress
For hot-planting to succeed, nursery stock must “hit the
ground running”. Plants must be conditioned to
immediately initiate new roots that will grow out into
the surrounding soil. Not only is this important to avoid
serious moisture stress but rapid root egress is critical to
avoid frost heaving later in the fall. In soon-to-bepublished research with white spruce container stock in
northern Alberta, new root egress was found to be
highly correlated with survival, shoot growth, and stem
diameter growth (Figure 4).

3. Blackout curtains must be easily applied to
completely cover the crop. Although hand installation is
effective, it is time-consuming and labor-intensive for
large-scale operations. Automated blackout curtains are
commercially available and can be retrofitted to most
propagation structures.
Although moisture, mineral nutrients, temperature, and
daylength are all used to induce dormancy and
hardiness, blackout is the only treatment that can be
successfully employed during summer or early fall
without the risk of damaging stress. Recent research
with white spruce in northern Canada (Tan 2007) found
that blackout treatments induced cold hardiness of both
needles and roots (Figure 3A) and stimulated root egress
after outplanting (Figure 3B). This is important because
frost injury to foliage and frost heaving have both been
cited as serious drawbacks to summer or fall
outplanting.
Interestingly enough, almost no research has been done
on whether blackout could be used to harden bareroot
stock for hot-planting. The few tests that have been
done show that it could be effective inducing dormancy
and hardiness during summer (Kohmann 2008; Rikala
2008). Blackout curtains have been installed on metal
hoops over container stock being grown outdoors so this
same technology could work in bareroot beds. It would
be interesting to see some operational research on this
promising cultural treatment.
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Figure 4 - New root egress was critical to the
outplanting success of white spruce container
seedlings in northern Alberta: survival (A), shoot
growth (B), and stem growth (C). Modified from
Tan and others, in press.
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(UT): USDA Forest Service, Rocky Mountain Research
Operational aspects of hot-planting. The key to a
successful hot-planting operation is careful coordination Station. Proceedings RMRS-P-28: 159-161.
between the nursery and the planter.
Helenius P, Luoranen J, Rikala R. 2005. Physiological
and morphological response of dormant and growing
Stock should be packed upright in cardboard boxes
without plastic bag liners which can reduce air exchange Norway spruce container seedlings to drought after
outplanting. Annals of Forest Science 62: 201-207.
and increase respirational heat build-up. Using white
boxes will help to reflect sunlight and keep in-box
Jacobs DF, Davis AS, Wilson BC, Dumroese RK,
temperatures cooler (Kiiskila 1999).
Goodman RC, Salifu KF. 2008. Short-day treatment
alters Douglas-fir seedling dehardening and transplant
Hot-planted stock is more sensitive to shipping and
root proliferation at varying rhizosphere temperatures.
handling stresses than fully-dormant and hardy plants.
Increasing shipping distances from 6 to 75 miles did not Canadian Journal of Forest Research (in press).
cause a noticeable effect but, interestingly enough, plant
Jacobs DF. 2004. Restoration of a Rocky Mountain
height was reduced 3 years after outplanting— the
spruce-fir forest: sixth-year Engelmann spruce seedling
longer the shipping distance, the greater the effect
response with or without tree shelter removal. In: Riley
(Luoranen and others 2004).
LE, Dumroese RK, Landis TD, technical coordinators.
National proceedings: Forest and Conservation Nursery
On the outplanting site, nursery stock should be stored
upright and kept in the shade. Irrigating seedling plugs Associations—2003. Fort Collins (CO): USDA Forest
Service, Rocky Mountain Research Station. Proceedings
immediately before outplanting was found to
RMRS-P-33: 57-63.
significantly increase the survival of hot-planted birch
and spruce seedlings (Luoranen and others 2004).
Jopson T. 2007. Blackout cloth for dormancy induction.
In: Riley LE, Dumroese RK, Landis TD, technical
Summary
coordinators. National proceedings: Forest and
Conservation Nursery Associations—2006. Fort Collins
Hot-planting will never replace traditional winter or
(CO): USDA Forest Service, Rocky Mountain Research
spring outplantings, but does deserve a second look
Station. Proceedings RMRS-P-50: 36-37.
when site conditions warrant. Eliminating overwinter
storage has many benefits from both biological and
Kiiskila S. 1999. Container stock handling. In: Gertzen
operational standpoints. The key to successful
D, van Steenis E, Trotter D, Summers D, technical
hot-planting is good planning and close coordination
coordinators. Proceedings of the 1999 Forest Nursery
between nursery and customer.
Association of British Columbia; 27—30 Sep 1999;
Although it can be used for both bareroot and container Vancouver BC. Surrey (BC): British Columbia Ministry
stock, container nurseries have more cultural options to of Forests, Extension Services: 77-80.
induce dormancy and hardiness before shipping.
Shortening daylength with blackout curtains has proved Kohmann K. 2008. Personal communication. As,
Norway: Norwegian Forest Research and Landscape
very effective for inducing budset and increasing cold
Institute. E-Mail: kkohmann@gmail.com.
hardiness. Species and seed sources have shown
considerable variability in their response to blackout,
Kohmann K, Johnsen O. 2007. Effects of early longhowever, and so trials are needed to establish the best
night treatment on diameter and height growth, second
treatment.
flush and frost tolerance in two-year-old Picea abies
container seedlings. Scandinavian Journal of Forest
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NEW PROCEDURE—ELECTRONIC COPIES ONLY
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 only the title page and
abstract will be provided through this service. If you want the entire article, please order a copy 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.

Bareroot Production
1. Biofumigants and green manures for field-grown
nursery stock. Rayment, A. International Plant
Propagators' Society, combined proceedings 2006,
56:205-207. 2007.
2. Box pruning and field results. Brunsden, G. J. IN:
Forest nursery and establishment practice in New
Zealand. New Zealand Forest Service, Forest Research
Institute FRI Symposium 22:142-153. 1981.
© 3. Production of conifer bareroot seedlings using
controlled release fertilizer. Vande Hey, J. M. Native
Plants Journal 8(3):288-293. 2007.

5. Nursery Task Force update. Pohl, R. IN: USDA
Forest Service, Rocky Mountain Research Station,
Proceedings RMRS-P-50, p. 142-144. National
Proceedings: Forest and Conservation Nursery
Associations - 2006. 2007.
6. Stooped and squatting postures in the workplace.
Fathallah, F. A., Meyers, J. M., and Janowitz, I.
University of California, Agricultural Ergonomics
Research Center and Center for Occupational and
Environmental Health. Conference Proceedings. 41 p.
Held July 29-30, 2004, Oakland, CA.

Container Production
7. Air pruning techniques. Gordon, I. International
Plant Propagators' Society, combined proceedings 2006,
56:80-83. 2007.

Business Management

8. Blackout cloth for dormancy induction. Jopson, T.
IN: USDA Forest Service, Rocky Mountain Research
Station, Proceedings RMRS-P-50, p. 36-37. National
Proceedings: Forest and Conservation Nursery
4. Migrant and Seasonal Agricultural Worker
Protection Act: forestry contractors' model operating Associations - 2006. 2007.
plan. Bremer, D. IN: USDA Forest Service, Rocky
Mountain Research Station, Proceedings RMRS-P-50, p. © 9. Effects of early long-night treatment on
85-90. National Proceedings: Forest and Conservation
diameter and height growth, second flush and frost
Nursery Associations - 2006. 2007.
tolerance in two-year-old Picea abies container
seedlings. Kohmann, K. and Johnsen, O. Scandinavian
Journal of Forest Research 22:375-383. 2007.
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10. Growing shrub liners on flood floors. Joeright, D.
International Plant Propagators' Society, combined
proceedings 2006, 56:430-431. 2007.

© 19. Ecological success in stream restoration: case
studies from the midwestern United States.
Alexander, G. G. and Allan, J. D. Environmental
Management 40:245-255. 2007.

© 11. Growth, physiology, and leachate losses in
Picea glauca seedlings (1+0) grown in air-slit
containers under different irrigation regimes.
Lamhamedi, M., Lambany, G., Margolis, H., and
Renaud, M. Canadian Journal of Forest Research
31:1968-1980. 2001.

© 20. The effect of five pre-emergence herbicides on
emergence and establishment of four native
wildflowers. Jacobs, J. S., Winslow, S. R., and Pokorny,
M. L. Native Plants Journal 8(3):224-231. 2007.

12. Miniplug transplants: producing large plants
quickly. Landis, T. D. IN: USDA Forest Service, Rocky
Mountain Research Station, Proceedings RMRS-P-50, p.
46-53. National Proceedings: Forest and Conservation
Nursery Associations - 2006. 2007.

21. Effect of sulfuric acid pretreatment on breaking
hard seed dormancy in diverse accessions of five wild
Vigna species. Wang, Y. R., Hanson, J., and Mariam, Y.
W. Seed Science and Technology 35:550-559. 2007.

22. Effects of storage on seed dormancy and
survivorship in black cohosh (Actaea racemosa L.)
and goldenseal (Hydrastis canadensis L.). Albrecht, M.
13. Sunlight management. Giglia, F. International
Plant Propagators' Society, combined proceedings 2006, A. and McCarthy, B. C. Seed Science and Technology
35:414-422. 2007.
56:612-613. 2007.
23. Establishing native grasses on soil faced retaining
walls. Steinfeld, D., Blower, S., Fekaris, G., and Miller,
M. Land and Water 51(5):14-21. 2007.

14. Temperature control and water conservation in
above-ground containers. Whitcomb, C. E. and
Whitcomb, A. C. International Plant Propagators'
Society, combined proceedings 2006, 56:588-594.
2007.

24. Factors affecting seed germination of Heliopsis
helianthoides (L.) Sweet. Zlesak, D. C. Seed Science
and Technology 35:577-594. 2007.

15. The use of copper compounds as root pruning
agents. Radke, A. International Plant Propagators'
Society, combined proceedings 2006, 56:73-77. 2007.
16. Using a steamroom to sterilize pallets of
Styroblock seedling containers. Trent, A., James, R.
L., Fleege, C., and Hileman, G. IN: USDA Forest
Service, Rocky Mountain Research Station, Proceedings
RMRS-P-50, p. 63-71. National Proceedings: Forest and
Conservation Nursery Associations - 2006. 2007.

Diverse Species

25. Fern propagation strategies at Casa Flora.
Burnett, N. International Plant Propagators' Society,
combined proceedings 2006, 56:607-611. 2007.
26. Germination of Phlox pilosa L. seeds is improved
by gibberellic acid and light but not stratification,
potassium nitrate, or surface disinfestation. Madeiras,
A. M., Boyle, T. H., and Autio, W. R. HortScience 42
(5):1263-1267. 2007.
27. Guidebook to the seeds of native and non-native
grasses, forbs and shrubs of the Great Basin.
Lambert, S. U.S. Dept. of the Interior, Bureau of Land
Management, Idaho State Office. 134 p. 2005.

17. The allelopathic effects of Scots pine (Pinus
sylvestris L.) leaf extracts on turf grass seed
germination and seedling growth. Bulut, Y. and
28. Identification and genetic characterization of
Demir, M. Asian Journal of Chemistry 19(4):3169-3177. smooth cordgrass for coastal wetland restoration.
2007.
Ryan, A. B., Venuto, B. C., Subudhi, P. K., and
Harrison, S. A. Journal of Aquatic Plant Management
45:90-99. 2007.
© 18. A common passion: multiple agencies and
volunteers unite to reintroduce goatsfoot
passionflower to rockland hammocks of Miami,
29. Large-scale propagation and production of native
Florida. Possley, J., Hines, K., Maschinski, J., Dozier, J. woodland perennials. Cullina, W. International Plant
G., and Rodriguez, C. Native Plants Journal 8(3):252Propagators' Society, combined proceedings 2006,
258. 2007.
56:313-317. 2007.
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© 30. Natural and man-induced revegetation on
mining wastes: changes in the floristic composition
during early succession. Martinez-Ruiz, C., FernandezSantos, B., Putwain, P. D., and Fernandez-Gomez, M. J.
Ecological Engineering 30:286-294. 2007.

© 41. Restoring rivers one reach at a time: results
from a survey of U.S. river restoration practitioners.
Bernhardt, E. S., Sudduth, E. B., Palmer, M. A., and
Allan, J. D. Restoration Ecology 15(3):482-493. 2007 .
© 42. River restoration in the twenty-first century:
data and experiential knowledge to inform future
efforts. Palmer, M., Allan, J. D., Meyer, J., and
Bernhardt, E. S. Restoration Ecology 15(3):472-481.
2007.

31. Nitrogen nutrition of southern seaoats (Uniola
paniculata) grown in the float system. Norden, D. S.,
Warren, S. L., Blazich, F. A., and Nash, D. L.
International Plant Propagators' Society, combined
proceedings 2006, 56:627-630. 2007.

43. Roadside revegetation: a new frontier for native
plant growers. Riley, S. A. and Wilkinson, K. M. IN:
USDA Forest Service, Rocky Mountain Research
Station, Proceedings RMRS-P-50, p. 72-76. National
Proceedings: Forest and Conservation Nursery
Associations - 2006. 2007.

32. Propagating ornamental grasses at small
nurseries. MacKenzie, E. International Plant
Propagators' Society, combined proceedings 2006,
56:494-495. 2007.
33. Propagating Rhododendron species by cutting
and seed. Bottemiller, D. International Plant
Propagators' Society, combined proceedings 2006,
56:520-522. 2007.

© 44. Seed germination of the Illinois-threatened
Agalinis auriculata (Michx.) Blake (Orobanchaceae).
Molano-Flores, B., Koontz, J., and Feist, M. A.
Castanea 72:116-118. 2007.

34. Propagation of deciduous azaleas. Hyatt, D. W.
International Plant Propagators' Society, combined
proceedings 2006, 56:542-547. 2007.

45. Seed stratification of an intermountain west
chokecherry ecotype. Rowley, L., Phillips, N., and
Black, B. Journal of the American Pomological Society
61(4):179-182. 2007.

35. Propagation of Jamesia americana. Barnes, H. W.
International Plant Propagators' Society, combined
proceedings 2006, 56:411-412. 2007.

© 46. Seedling establishment and survival on
restored campsites in subalpine forest. Cole, D. N.
Restoration Ecology 15(3):430-439. 2007.

36. Propagation of spicebush (Lindera benzoin).
Poston, A. L. and Geneve, R. L. International Plant
Propagators' Society, combined proceedings 2006,
56:458-460. 2007.

47. The shade side of fern propagation. Michael, P.
International Plant Propagators' Society, combined
proceedings 2006, 56:109-110. 2007.

© 37. Propagation protocol for bareroot silver
buffaloberry (Shepherdia argentea). Grubb, B. H.
Native Plants Journal 8(3):233-235. 2007.

48. Stand establishment and yield potential of
organically grown seeded and transplanted
medicinal herbs. Kleitz, K. M., Wall, M. M., Falk, C.
L., and Martin, C. A. HortTechnology 18(1):116-121.
2008.

© 38. Propagation protocol of 'iliahi (Santalum
freycinetianum). Wilkinson, K. M. Native Plants
Journal 8(3):249-251. 2007.
© 39. Reintroduction of rare and endangered plants:
common factors, questions and approaches. Guerrant,
E. O., Jr. and Kaye, T. N. Australian Journal of Botany
55:362-370. 2007.

© 49. Temperature and light affects germination
ecology of commercially produced seeds of
Leavenworth's Coreopsis. Kabat, S. M., Norcini, J. G.,
and Dehgan, B. Native Plants Journal 8(3):236-247.
2007.

© 40. Restoration and rehabilitation of native species © 50. Temperature requirements for dormancy
in the Great Lakes: overview. Stapanian, M. A.
break and seed germination vary greatly among 14
Journal of Great Lakes Research 33(Suppl 1):1-7. 2007. wetland Carex species. Kettenring, K. M. and
Galatowitsch, S. M. Aquatic Botany 87:209-220. 2007.
© 51. Tools for Carex revegetation in freshwater
wetlands: understanding dormancy loss and
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germination temperature requirements. Kettenring,
K. M. and Galatowitsch, S. M. Plant Ecology 193:157169. 2007.

© 61. Influences of nitrogen load on the growth and
photosynthetic responses of Quercus serrata seedlings
to O3. Watanabe, M., Yamaguchi, M., Tabe, C., and
Iwasaki, M. Trees 21:421-432. 2007.

52. The western red lily centennial project. May, L.
International Plant Propagators' Society, combined
proceedings 2006, 56:461-463. 2007.

© 62. Nitrate leaching from three afforestation
chronosequences on former arable land in Denmark.
Hansen, K., Rosenqvist, L., Vesterdal, L., and
Gundersen, P. Global Change Biology 13:1250-1264.
2007.

53. While they were asleep: do seeds after-ripen in
cold storage? Experiences with Calendula.
Widriechner, M. P. International Plant Propagators'
Society, combined proceedings 2006, 56:377-382. 2007. 63. Nitrogen sources for organic vegetable crops.
Gaskell, M. and Smith, R. HortTechnology 17(4):431441. 2007.

Fertilization and Nutrition

© 64. Nitrogen uptake efficiency by white cedar
under different irrigation and fertilisation strategies
on a sandy soil: model calculations. Pronk, A. A.,
Heinen, M., and Heuvelink, E. Journal of Horticultural
Science and Biotechnology 82(3):451-459. 2007.

© 54. Calcium uptake, partitioning, and sinuous
growth in Douglas-fir seedlings. Littke, K. and
Zabowski, D. Forest Science 53(6):692-700. 2007.

© 65. Optimizing nitrogen loading of Picea mariana
seedlings during nursery culture. Salifu, K. F. and
Timmer, V. R. Canadian Journal of Forest Research
33:1287-1294. 2003.

© 55. Contribution of actinorhizal shrubs to site
fertility in a northern California mixed pine forest.
Busse, M. D., Jurgensen, M. F., Page-Dumroese, D. S.,
and Powers, R. F. Forest Ecology and Management
244:68-75. 2007.

© 66. Release of non-exchangeable 15NH4+ from
56. E-media and crop nutrition monitoring. Coburn, subgrade, decomposed granite substrates and uptake
D. C. and Moreno, R. E. IN: USDA Forest Service,
by non-mycorrhizal and mycorrhizal California
Rocky Mountain Research Station, Proceedings RMRS- native annual grass, Vulpia microstachys. Rider, D. E.,
P-50, p.27-35. National Proceedings: Forest and
O'Dell, R. E., and Claassen, V. P. Plant and Soil 300:83Conservation Nursery Associations - 2006. 2007.
94. 2007.
© 57. The effect of carbon and nutrient loading
during nursery culture on the growth of black spruce
seedlings: a six-year field study. Way, D. A.,
Seegobin, S. D., and Sage, R. F. New Forests 34:307312. 2007.
58. Effect of nitrogen fertigation on first-year pecan
seedling growth. Conner, P. HortTechnology 17(4):491
-495. 2007.
© 59. Foliar fertilization during bud initiation
improves container-grown ponderosa pine seedling
viability. Montville, M. E., Wenny, D. L., and
Dumroese, R. K. Western Journal of Applied Forestry
11(4):114-119. 96.
© 60. Growth and nutrient dynamics of Douglas-fir
seedlings raised with exponential or conventional
fertilization and planted with or without fertilizer.
Everett, K. T., Hawkins, B. J., and Kiiskila, S. Canadian
Journal of Forest Research 37:2552-2562. 2007.

© 67. Soil and foliar chemistry associated with
potassium deficiency in Pinus radiata. Smethurst, P.,
Knowles, A., Churchill, K., Wilkinson, A., and Lyons,
A. Canadian Journal of Forest Research 37:1093-1105.
2007.

General and Miscellaneous
68. The IR-4 ornamental horticulture program:
what, how, and why. Palmer, C. L. International Plant
Propagators' Society, combined proceedings 2006,
56:538-541. 2007.
69. Tailoring watershed education to meet the needs
of teachers. Mesner, N. O. and Walker, A. D. Journal of
Soil and Water Conservation 62(5):104A-109A. 2007.
70. Will some plants get "green cards?: current
thoughts on invasive species. Schutzki, R. E.
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Nursery Structures
And Equipment

International Plant Propagators' Society, combined
proceedings 2006, 56:289-292. 2007.
SO. National Proceedings: Forest and Conservation
Nursery Associations - 2006. Riley, L. E., Dumroese,
R. K., and Landis, T. D. USDA Forest Service, Rocky
Mountain Research Station, Proceedings RMRS-P-50.
152 p. 2007. ORDER FROM: USDA Forest Service,
Rocky Mountain Research Station, 240 W. Prospect
Rd., Fort Collins, CO 80526-2098.

76. In-slab bench heating improves propagation
hygiene and cuts maintenance costs. Carmen, P.
International Plant Propagators' Society, combined
proceedings 2006, 56:96-99. 2007.
77. Pot-filling machine saves time. Newenhouse, A.,
Miquelon, M., and Chapman, L. University of
Wisconsin, Healthy Farmers, Healthy Profits Project,
Work Efficiency Tip Sheet. 2 p. 2007.

Genetics and Tree
Improvement

78. Selected nursery projects at the Missoula
Technology and Development Center. Vachowski, B.
IN: USDA Forest Service, Rocky Mountain Research
Station, Proceedings RMRS-P-50, p. 110-113. National
Proceedings: Forest and Conservation Nursery
Associations - 2006. 2007.

© 71. Application of nursery testing in long-term
white spruce improvement programs. Weng, Y.,
Tosh, K., Park, Y. S., and Fullarton, M. S. Northern
Journal of Applied Forestry 24(4):296-300. 2008.
© 72. Differences in fine-scale genetic structure and
dispersal in Quercus ilex L. and Q. suber L.:
consequences for regeneration of Mediterranean
open woods. Soto, A., Lorenzo, Z., and Gil, L. Heredity
99:601-607. 2007.

79. Simple solutions: ergonomics for farm workers.
Baron, S., Estill, C. F., Steege, A., and Lalich, N. U.S.
Department of Health and Human Services, National
Institute for Occupational Safety and Health. 46 p.
2001.

© 73. Limited reintroduction does not always lead to
rapid loss of genetic diversity: an example from the
American chestnut (Castanea dentata; Fagaceae).
Pierson, S. A. M., Keiffer, C. H., McCarthy, B. C., and
Rogstad, S. H. Restoration Ecology 15(3):420-429.
2007.

80. A strap-on stool for nursery field work.
Newenhouse, A., Miquelon, M., and Chapman, L.
University of Wisconsin, Healthy Farmers, Healthy
Profits Project, Work Efficiency Tip Sheet. 2 p. 2007.

Mycorrhizae and
Beneficial Microorganisms

81. Try a long handled hoe for weeding nursery
crops. Newenhouse, A., Miquelon, M., and Chapman,
L. University of Wisconsin, Healthy Farmers, Healthy
Profits Project, Work Efficiency Tip Sheet. 2 p. 2007.

© 74. Inoculation of green alder (Alnus crispa) with
Frankia-ectomycorrhizal fungal inoculant under
commercial nursery production conditions. Quoreshi,
A. M., Roy, S., Greer, C. W., and Beaudin, J. Native
Plants Journal 8(3):271-281. 2008.

82. Try a one-person hitch for tractors and wagons.
Newenhouse, A., Miquelon, M., and Chapman, L.
University of Wisconsin, Healthy Farmers, Healthy
Profits Project, Work Efficiency Tip Sheet. 2 p. 2007.

75. Mycorrhizal fungi: impact of commercial
products in nursery propagation. Lanthier, M.
International Plant Propagators' Society, combined
proceedings 2006, 56:496-508. 2007.

83. Using germination cloths in container and
bareroot nurseries. Schmal, J. L., Woolery, P. O.,
Sloan, J. P., and Fleege, C. D. Native Plants Journal 8
(3):283-286. 2007.
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Jacobs, D. F., and Hernandez, G. IN: USDA Forest
Service, Rocky Mountain Research Station, Proceedings
RMRS-P-50, p. 120-125. National Proceedings: Forest
and Conservation Nursery Associations - 2006. 2007.

© 84. Coast redwood regeneration survival and
growth in Mendocino County, California. Jameson,
M. J. and Robards, T. A. Western Journal of Applied
Forestry 22(3):171-175. 2007.

92. First-year height growth of silver birch in
farmland depending on container stock
morphological traits. Liepins, K. Baltic Forestry 13
(1):54-60. 2007.

85. Coastal western red cedar regeneration:
problems and potentials. Curran, M. P. and
Dunsworth, B. G. IN: Western red cedar -- does it have
a future, conference proceedings, p.20-32. 1987.

© 93. Forest soil rehabilitation with tillage and wood
waste enhances seedling establishment but not height
after 8 years. Bulmer, C., Venner, K., and Prescott, C.
Canadian Journal of Forest Research 37:1894-1906.
2007.

86. Container longleaf pine seedling morphology in
reponse to varying rates of nitrogen fertilization in
the nursery and subsequent growth after
outplanting. Jackson, D. P., Dumroese, R. K., Barnett,
J. P., and Patterson, W. B. IN: USDA Forest Service,
Rocky Mountain Research Station, Proceedings RMRSP-50, p. 114-119. National Proceedings: Forest and
Conservation Nursery Associations - 2006. 2007.

© 94. Frost-heaving damage to one-year-old Picea
abies seedlings increases with soil horizon depth and
canopy gap size. de Chantal, M., Hanssen, K. H. ,
Granhus, A., and Bergsten, U. Canadian Journal of
Forest Research 37:1236-1243. 2007.

© 95. Growth and frost damage variation among
Pinus pseudostrobus, P. montezumae and P. hartwegii
tested in Michoacan, Mexico. Viveros-Viveros, H.,
87. The density effect: red/far red signaling and
Saenz-Romero, C., Lopez-Upton, J., and VargasDouglas-fir seedling growth in a variable density
field test. Ritchie, G. A., Keeley, J., and Bond, B. J. IN: Hernandez, J. J. Forest Ecology and Management
USDA Forest Service, Rocky Mountain Research
253:81-88. 2007.
Station, Proceedings RMRS-P-50, p. 38-45. National
Proceedings: Forest and Conservation Nursery
96. Measuring survival and planting quality in new
Associations - 2006. 2007.
pine plantations. Londo, A. J. and Dicke, S. G.
Southern Regional Extension Forestry, SREF-FM-001.
© 88. Early performance of native birch (Betula spp.) 5 p. 2006.
planted on cutaway peatlands: influence of species,
stock types and seedlings size. Renou, F., Scallan, U., © 97. Microsite influences on variability in DouglasKeane, M., and Farrell, E. P. European Journal of Forest fir seedling development. Burney, O., Wing, M. G.,
Research 126:545-554. 2007.
and Rose, R. Western Journal of Applied Forestry 22
(3):156-162. 2006.
© 89. Effect of chemical root pruning on stem
growth, root morphology and field performance of
98. New pine planting strategies for the western Gulf
states. Taylor, E. L., Blazier, M., and Holley, A. G. IN:
the Mediterranean pine Pinus halepensis Mill.
Tsakaldimi, M. N. and Ganatsas, P. P. Scientia
USDA Forest Service, Rocky Mountain Research
Horticulturae 109:183-189. 2006.
Station, Proceedings RMRS-P-50, p. 104-109. National
Proceedings: Forest and Conservation Nursery
Associations - 2006. 2007.
90. Eleven-year loblolly pine growth in response to
site preparation and seedling type in north
Louisiana. Blazier, M. A. and Clason, T. R. IN:
© 99. Relationship between root growth potential
Proceedings of the 13th biennial southern silvicultural
and field performance in Aleppo pine. del Campo, A.
research conference, p. 167-170. USDA Forest Service, D., Navarro-Cerrillo, R. M., Hermoso, J., and Ibanez,
Southern Research Station, General Technical Report
A. J. Annals of Forest Science 64:5411-548. 2007.
SRS-92. 2006.
91. Field performance of Nuttall oak on former
agricultural fields: initial effects of nursery source
and competition control. Gardiner, E. S., Salifu, K. F.,
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109. The influence of a dynamic climate on pests.
Jakobsen, L. and Aaslyng, J. M. International Plant
Propagators' Society, combined proceedings 2006,
56:229-232. 2007.

100. Seedling establishment and growth after direct
seeding with Pinus sylvestris: effects of seed type,
seed origin, and seeding year. Wennstrom, U.,
Bergsten, U., and Nilsson, J.-E. Silva Fennica 41(2):299
-314. 2007.
© 101. Short-day treatment enhances root egress of
summer-planted Picea abies seedlings under dry
conditions. Luoranen, J., Helenius, P., Huttunen, L., and
Rikala, R. Scandinavian Journal of Forest Research
22:384-389. 2007.

© 110. Investigating koa wilt and dieback in Hawai'i:
pathogenicity of Fusarium species on Acacia koa
seedlings. Dudley, N. S., James, R. L., Sniezko, R. A.,
and Yeh, A. Native Plants Journal 8(3):259-266. 2007.
© 111. Persistence of Phytophthora ramorum in soil
mix and roots of nursery ornamentals. Shishkoff, N.
Plant Disease 91:1245-1249. 2007.

102. Survival of the fittest: pine seedling survival
increased by machine planting large seedlings. South,
D. and Mitchell, B. Highlights of Agricultural Research 112. Pitch canker of southern pines and recent cases
46(2):1-7. 1999.
in Florida, Louisiana, Mississippi, and Texas.
Starkey, D., Meeker, J., and Mangini, A. IN: USDA
Forest Service, Rocky Mountain Research Station,
© 103. Temperature control over root growth and
Proceedings RMRS-P-50, p. 97-103.National
root biomass in taiga forest trees. Tryon, P. R. and
Chapin, F. S. Canadian Journal of Forest Research
Proceedings: Forest and Conservation Nursery
13:827-833. 1983.
Associations - 2006. 2007.
© 104. Which grow better under the canopy of
Norway spruce -- planted or sown seedlings of
European beech? Ammer, C. and Mosandl, R. Forestry
80(4). 2007.

113. The plant growth enhancing and biocontrol
mechanisms of Streptomyces lydicus WYEC 108 and
its use in nursery and greenhouse production.
Lichatowich, T. IN: USDA Forest Service, Rocky
Mountain Research Station, Proceedings RMRS-P-50, p.
61-62. National Proceedings: Forest and Conservation
Nursery Associations - 2006. 2007.

Pest Management

114. Potential for using Fusarium to control
Fusarium disease in forest nurseries. James, R. L. and
105. Detection and management of stunt and stubby- Dumroese, R. K. IN: USDA Forest Service, Rocky
root nematodes in a southern forest nursery. Cram,
Mountain Research Station, Proceedings RMRS-P-50, p.
M. M. and Fraedrich, S. W. IN: USDA Forest Service,
54-60. National Proceedings: Forest and Conservation
Rocky Mountain Research Station, Proceedings RMRS- Nursery Associations - 2006. 2007.
P-50, p. 91-96. National Proceedings: Forest and
Conservation Nursery Associations - 2006. 2007.
115. Potential of neem extracts for insecticide.
Tomita, M. and Endo, H. International Plant
106. DNA Nultiscan: a new tool for rapid detection of Propagators' Society, combined proceedings 2006,
pathogens in water, soil, and plant tissue. Sabourin,
56:146-150. 2007.
M. International Plant Propagators' Society, combined
proceedings 2006, 56:327-329. 2007.
116. Pre-emergence liverwort control in nursery
containers. Newby, A., Altland, J. E., Gilliam, C. H.,
107. Eradication of Phytophthora ramorum and other and Wehtje, G. HortTechnology 17(4):496-500. 2007.
pathogens from potting medium or soil by treatment
with aerated steam or fumigation with metam
© 117. Recovery frequency of Phytophthora ramorum
sodium. Linderman, R. G. and Davis, E. A.
and other Phytophthora spp. in the soil profile of
HortTechnology 18(1):106-110. 2008.
ornamental retail nurseries. Dart, N. L., Chastagner,
G. A., Rugarber, E. F., and Riley, K. L. Plant Disease
108. Growing insect-free plants with new technology. 91:1419-1422. 2007.
Gill, S., Schuster, C., Rosenkranz, G., and Shrewsbury,
P. International Plant Propagators' Society, combined
proceedings 2006, 56:330-339. 2007.
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© 118. Root and stem infection of Rhododendron
from potting medium infested with Phytophthora
ramorum. Parke, J. L. and Lewis, C. Plant Disease
91:1265-1270. 2007.
119. Seadust wildlife controllant and other
techniques to protect forest plantations. Campbell, D.
L., Campbell, B. K., and Campbell, C. L. IN: USDA
Forest Service, Rocky Mountain Research Station,
Proceedings RMRS-P-50, p. 77-81. National
Proceedings: Forest and Conservation Nursery
Associations - 2006. 2007.
120. Selectrocide chlorine dioxide as a new product
for the control of algae and other microbial pests in
greenhouse irrigation systems. Konjoian, P.
International Plant Propagators' Society, combined
proceedings 2006, 56:342-353. 2007.
© 121. Specific hybridization real-time PCR probes
for Phytophthora ramorum detection and diagnosis.
Belbahri, L., Calmin, G., Wagner, S., and Moralejo, E.
Forest Pathology 37:403-408. 2007.
© 122. Survival of Phytophthora ramorum in
recirculating irrigation water and subsequent
infection of Rhododendron and Viburnum. Werres, S.,
Wagner, S., Brand, T., and Kaminski, K. Plant Disease
91(8):1034-1044. 2007.
123. Using leaf temperature as a nondesstructive
procedure to detect root rot stress in geranium.
Omer, M., Locke, J. C., and Frantz, J. M.
HortTechnology 17(4):532-536. 2007.
© 124. Variation in cedar leaf blight (Didymascella
thujina) resistance of western redcedar (Thuja
plicata). Russell, J. H., Kope, H. H., Ades, P., and
Collinson, H. Canadian Journal of Forest Research
37:1978-1986. 2007.
125. Viruses in plants -- fascinating but treacherous.
Johansen, I. E. International Plant Propagators' Society,
combined proceedings 2006, 56:233-237. 2008.
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Pesticides
126. Methyl bromide and the Montreal Protocol: an
update on the critical use exemption and quarantine
pre-shipment process. Enebak, S. IN: USDA Forest
Service, Rocky Mountain Research Station, Proceedings
RMRS-P-50, p. 135-141. National Proceedings: Forest
and Conservation Nursery Associations - 2006. 2007.
127. Pesticide related issues in forest tree nurseries.
Taylor, J. W. IN: USDA Forest Service, Rocky
Mountain Research Station, Proceedings RMRS-P-50, p.
132-134. National Proceedings: Forest and Conservation
Nursery Associations - 2006. 2007.

Seedling Physiology
And Morphology
© 128. Chlorophyll fluorescence, root growth
potential, and stomatal conductance as estimates of
field performance potential in conifer seedlings.
L'Hirondelle, S. J., Simpson, D. G., and Binder, W. D.
New Forests 34:235-251. 2007.
129. Comparing cold-stored and freshly lifted water
oak (Quercus nigra) seedlings based on physiological
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