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A New Western Nursery Specialist

Hello, my name is Gabriela Buamscha and since last March I am Tom Landis' successor as the Western Nursery
Specialist for the USDA Forest Service. I work in State and Private Forestry and am based at the Regional Office
in downtown Portland, Oregon. The main duties of my job include technical assistance and technology transfer to
native plant nurseries in 17 Western U.S. states and the Pacific Islands. I am also a member of the Reforestation,
Nurseries, and Genetic Resources (RNGR) Team. This is a national team whose members are George Hernandez,
Kas Dumroese, Jeremy Pinto, Ron Overton, and Bob Karrfalt. One of the unique attributes of the RNGR Team is
the ability to share expertise across Forest Service deputy areas.

The intention of this update is to let you know how I spent my time in the last four months and some of the projects
I will be working on during 2008. So far, I have visited State, Federal, and private nurseries in Oregon, Washing-
ton, California, Nevada, Idaho, and Montana. I attended the Westside Greenhouse Growers, Northeast Forest &
Conservation Nursery Association, and the Intertribal Nursery Meetings. In the coming months, I will visit tribal
nurseries in Washington, Oregon, and California. I am hoping to bring along Jeremy Pinto, our Native American
Nursery Specialist. My short-term goal is to visit nurseries throughout my assigned territory, get acquainted with
the people I will be assisting, and assess needs. I am also getting acquainted with research peers working in nurs-
ery production, plant pathology, reforestation, restoration, and forest genetics. I am planning on building a strong
and efficient network of collaborators.

During my previous tours, several people showed interest in strategies to save energy costs at their nursery. Others
have requested information on alternative energies for operating greenhouses and other nursery structures and
equipment. As a consequence, I am in the initial stages of a project whose objectives are to: (1) compile available
information on technology and practices to reduce energy costs in a nursery using conventional energy sources; (2)
identify nurseries that have implemented alternative energies (solar, wind, geothermal, etc.), as well as universities
and government agencies conducting research on the subject; and (3) gather information on sources of grant money
specific to private, tribal, and state nurseries. The final outcome of this project will be a workshop on energy effi-
ciency and alternative energies for nurseries. Current project collaborators include the Washington State Univer-
sity Energy Program, Missoula Technology Development Center, and agricultural engineers. Nevertheless, I wel-
come anyone who would like to offer ideas and suggestions. Any ideas on speakers for the energy workshop would
be more than appreciated.

And, that is just the beginning! I'll be updating you in future FNN issues. Please do not hesitate to contact me if
you have any questions or suggestions.

Cheers, Gabriela

****************************************************

M. Gabriela Buamscha
Western Nursery Specialist
USDA Forest Service.
333 SW First Ave. 5th Floor
Portland, OR 97208-3623. USA
Phone: (503) 808 2349 Fax: (503) 808 2339
gbuamscha@fs.fed.us
http://www.rngr.net/
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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 57th Annual Meeting of the Eastern Region of the International Plant Proagators' Society takes place at
the Hyatt Regency Montreal, Montreal, Quebec on September 16 to September 19, 2007. The meeting theme
is Look to the Future: Trends, Challenges and Opportunities. For more information contact:

Margot Bridgen, Executive Secretary/Treasurer
IPPS Eastern Region, North America

17000 North Parish Drive
Southold, NY 11971
Tel: 631.765.9638
Fax: 631.765.9648

E-Mail: ippser@earthlink.net
URL: http://www.ipps.org/EasternNA/meeting.htm

The Forest Nursery Association of British Columbia (FNABC) will host a joint conference with the Western Forest
and Conservation Nursery Association (WFCNA) on September 17 to September 19, 2007. The conference will
take place in Sydney, BC at the Mary Winspear Centre ( http://www.sanscha.com). For more information please
contact:

Evert Van Eerden
NewGen Forestry Ltd.
5635 Forest Hill Road
Victoria, BC V9E 2A8

CANADA
Tel: 250.479.4165

E-Mail: ev.newgen@shaw.ca

The Society for Ecological Restoration Northwest Chapter (SERNW) and the Society for Wetland
Scientists Pacific Northwest Chapter (SWS) will be holding a joint Annual Meeting at the Yakima Convention
Center, Yakima, WA on September 25 to September 28, 2007. Sessions will feature an array of topics
pertinent to restoration of plant communities in the Pacific Northwest. For information on submission of titles
for presentations or posters or for additional information about the meeting, contact:

Jim Hansen (SERNW)
TEL: 509.454.6573

Email: jimbobtoo@aol.com
or

Jim Wiggins (SWS)
Tel: 360.856.2139

E-Mail: atsi@fidalgo.net

The meeting agenda will be available at a later date on the web:
http://www.ser.org/sernw/calendar.asp
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The 48th Annual Meeting of the Western Region International Plant Propagators' Society will be held at the
new Salem Conference Center in Salem, Oregon on October 17 to October 20, 2007. "It's a Jungle Out There,
Let's Propagate It!" is the meeting theme. For more information contact:

Lelia (Lee) Dempsey or Stacia Lynde
11168 Orion Way Carlton Plants LLC
Grass Valley, CA 95949-9758 Po Box 398
Tel: 530.272.4593 Dayton, OR 97114-0398
Fax: 530.272.4630 Tel: 503.868.7259
E-Mail: ippswrlee@sbcglobal.net 	Fax: 503.868.7909
URL: http://www.ipps.org/westernNA/ E-Mail: stacia.lynde@gmail.com

The Southern Region of the International Plant Propagators' Society will hold their 32nd Annual Meeting Oc-
tober 29 to October 31, 2007 at the Chattanooga Mariott in Chattanooga, Tennessee. For registration and other
information write or call:

Dr. David L. Morgan—Secretary/Treasurer
IPPS Southern Region of North America

601-2 Harwood Rd. #180
Bedford, TX 76021
Tel: 817.428.2296
Fax: 817.428.2296

E-Mail: DavidLMorgan@sbcglobal.net
URL: http://www.ipps.org/southernNA/

On November 7, 2007, the Forest Seedling Quality Workshop is being presented by the Nursery Technology
Cooperative of Oregon State University in Corvallis, OR. This hands-on workshop will cover several areas of for-
est seedling quality assessment including cold hardiness, root growth potential, mineral nutrition, bud develop-
ment, plant moisture stress, and seedling morphology. Participants will have a rare opportunity to see these tech-
niques first-hand, and to learn about their application in the nursery or on the outplanting site. Registration will be
limited. For further information, contact:

Diane Haase
Nursery Technology Cooperative

Oregon State University
Tel: 541.737.6576
Fax: 541.737.1393

E-Mail: diane.haase@oregonstate.edu
URL: http://ntc.forestry.oregonstate.edu

The Fourth Pacific Northwest Native Plants Conference will be held on November 28 to 29, 2007 at the Hilton
Conference Center in Eugene, OR. This event is hosted every three years by the Nursery Technology Cooperative
at Oregon State University and the Western Forestry and Conservation Association. It will consist of two days of
presentations covering the full gamut of propagation, restoration, genetics, invasive plants, landscaping, and more.
For further information, contact either:

Diane Haase or Richard Zabel
NTC - Oregon State University Western Forestry & Conservation Association
Tel: 541.737.6576 Tel: 503.226.4562
Fax: 541.737.1393 Fax: 503.226.2515
E-Mail: diane.haase@oregonstate.edu E-Mail: Richard@westernforestry.org
URL: http://ntc.forestry.oregonstate.edu 	URL: http://www.westernforestry.org
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Establishing, Culturing, and Harvesting
Stooling Beds

Thomas D. Landis and Tara Luna

This is the second article of a two-part series. "New
Stock Types and Species from Stooling Beds" was
published in the Winter, 2007 issue of FNN, and
discussed the advantages of stooling beds, the types of
plant materials they can produce, and which plant
species can be successfully stooled. In this article, we
finish up with how to establish stooling beds, culture
them, and harvest the cuttings.

Installing Stooling Beds.

Planning - Stooling beds may take 2 or more years to
produce significant numbers of harvestable cuttings,
depending on species, clone, management practices, and
length of growing season. In Colorado, 2 acres of
stooling beds of Salix (willow) and Populus
(cottonwood) yield 100,000 to 200,000 cuttings each
year (Grubb 2007). In Saskatchewan, one acre of hybric
poplar stooling beds can produce anywhere from
154,000 to 348,000 cuttings per year. The beds remain
productive for 4 to 8 years, after which vigor and
productivity start to decline, and new mother plants
should be established (Saskatchewan Forest Centre
2003). Other conservation nurseries have maintained
stooling beds of Salix and Populus clones for 12 to 15
years without losses in vigor.

Factors that must be considered when selecting an area
of the nursery for stooling beds include soil conditions,
species characteristics, type of plant material, and
whether the beds will be maintained manually or with
tractor-drawn equipment. The literature states that
"nursery soils must be fertile and well drained" but
stooling beds are much less demanding than other
nursery crops. Productive stooling beds of cottonwood
and willow have been established on silt, clay, or rocky
soils that are unsuitable for raising seedlings and, as
long as irrigation is provided, stooling beds will also do
well on sandy soils. A major consideration when
planning stooling beds is access during the winter
harvesting season. If the cuttings will be harvested
mechanically then soils should be well drained to allow
tractor access. This is less of a concern in northern
climates, where soils remain frozen and can easily
support machinery. Where stooling beds will be
harvested by hand, row spacing can be much closer and
beds can even be established on slopes.

Species growth characteristics must also be considered
during the planning process. With dioecious plants

including willow and cottowood, it is important to
collect cuttings from both male and female plants in the
field to ensure good sexual diversity in the stooling beds
(Landis and others 2003).

The growth habits of some willow and cottonwood limit
their use in stooling bed propagation. For instance,
coyote willow (S. exigua) produces aggressive lateral
suckers and so cannot be cultured in standard rows. The
Colorado State Forest Service Nursery grows this
species in two 0.5-acre fields in which plants grow
freely. The plants grow for 2 years before the first
harvest to all allow the cuttings to reach shippable size.
Then the fields are harvested every other year.

Figure 1 - The design of stooling beds depends on sev-
eral factors including the type of plant material desired,
and whether machinery will be used for culturing and
harvesting. For typical cuttings, single rows and wide
aisles allow mechanical harvest from the sides (A). For
larger poles, blocks consist of rows of plants in wider
blocks (B). Photo A courtesy of Big Sioux Nursery.
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Narrowleaf cottonwood (Populus angustifolia) is also
not grown in typical stooling beds. Production blocks
consist of rows of 3 to 6 inch (8 to14 cm) trees which
are 10 to 16 ft (3 to 5 m) tall. The tree branches and
terminal shoots are manually cut back to the stem each
winter during dormancy to harvest hardwood cuttings;
this type of culture is very similar to pollarding (Grubb
2007).

The type of cutting to be harvested will also affect the
design of stooling bed blocks. For typical hardwood
cuttings, plants are grown in single rows and spaced so
that harvesting can be done from all sides (Figure 1A).
Specialty products like poles of tree willows and
cottonwoods require wider blocks of more closely-
spaced rows (Figure 1B).

Before planting a stooling bed, soils are usually
prepared well in advance. Soil for stooling beds should

be ripped to break-up hardpan layers and then roto-tilled
to break up clods. In some cases, it may be necessary to
apply herbicides the year before establishment to kill
stubborn weeds and lower the weed seed reservoir in the
soil.

Row and Plant Spacing - For willows and
cottonwoods, stooling beds are usually established with
nonrooted hardwood cuttings but seedlings or rooted
container cuttings would also work. The best season for
planting stooling beds is early spring to minimize
transplant shock, although with proper care, they could
be established throughout the growing season.
Approximately 1,000 hybrid poplar cuttings were
needed per acre when planting stooling beds on a 3 x 12
ft (0.9 x 3.6 m) spacing (Saskatchewan Forest Centre
2003).

Table 1—Information for installing stooling beds of native woody plants of the Pacific Northwest

Plant Species Spacing of Cuttings Growth Rate of Height and Width
 within Rows (ft)*** Sprouts of Established

Scientific name Common Name Plants (ft)

Baccharis pilularis Coyote brush 1 to 2 Moderate 6 by 4

Cornus sericea Red-osier dogwood 2 to 4 Fast 16 by 10

Oemleria cerastiformis Indian plum 2 to 4 Moderate 16 by 10

Physocarpus capitatus Pacific ninebark 2 to 4 Moderate to Fast 14 by 8

Philadelphus lewisii Lewis mock orange 2 to 3 Moderate 10 by 8

Populus trichocarpa Black cottonwood 3 to 4 Very Fast 150 by 30

Rosa woodsii Woods' rose 2 to 3 Moderate to Fast 8 by **

Salix amygdaloides Peachleaf willow 3 to 4 Very Fast 50 by 20

Salix exigua Coyote willow 3 to 4 Fast 26 by**

Salix lasiolepus Arroyo willow 3 to 4 Very Fast 35 by 25

Salix scouleriana Scouler's willow 3 to 4 Very Fast 25 by 16

Spirea douglasii Douglas spirea 2 to 3 Fast 7 by**

Symphoricarpos albus Snowberry 2 to 3 Fast 5 by**

*=modified from Crowder and Danis (1999)
**=species that spread laterally by underground shoots or rhizomes
***=lft = 30cm
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Many nurseries use a single row system for stooling
beds and the spacing of rows and plants within rows
varies by species. The spacing between rows will
depend on the size of established plants and whether
tractor access is desired. If all culturing and harvesting
will be done by hand, then rows can be much closer
together. The widths and heights for a variety of plant
species is provided in Table 1 along with suggested in-
row spacings. Mark the beginning and end of each
stooling bed with permanent markers and develop
detailed maps as you go along. It's a good idea to
separate stooling beds of similar appearing clones or
ecotypes to avoid possible confusion during mid-winter
harvesting (Morgenson 1992).

With some difficult-to-root species such as redstem
dogwood (Corn us sericea), it may be beneficial to use a
rooting hormone to assist in root establishment (Dirr
and Heuser 1987). Most Salix and Populus species have
pre-formed root initials present in the stem tissues and
will root to high percentages (90% or greater) without
hormones. In South Dakota, however, some ecotypes
of Populus deltoides do not root well (Larson 2007).

Culturing Stooling Beds

Irrigation - Newly established stooling beds must be
irrigated frequently to keep the newly transplanted
plants or cuttings from drying, and to stimulate
production on new roots. Use of a black plastic row
covering will help maintain soil moisture and increase
the speed of rooting. Established stooling beds of
riparian species like willows and cottonwood require
very frequent irrigation for optimal growth. Sprinkler
irrigation will work but sprinkler heads will need
extensions to keep above the height of the rapidly
growing plants. For willow stooling beds in Ontario, 1
to 2 inches (25 to 50 mm) of sprinkler irrigation is
required per week (Mathers 2003). Drip or flood
irrigation is a more water efficient way to irrigate
stooling beds.

Fertilization - Nitrogen (N) is the most important
mineral nutrient for achieving rapid establishment and
growth but should be applied in a balanced fertilizer to
avoid excessive vegetative growth (Morgenson 1992).
Where soil tests have shown that fertility is naturally
high, no fertilizer is usually applied until the newly
established plants have put on 4 to 6 inches (10 to 15
cm) of top growth (Mathers 2003). For established
stooling beds, fertilization should be based on annual
soil testing, and many nurseries apply a balanced
fertilizer twice per season. In New Mexico, stooling
beds are fertilized twice at a rate of 50 to 75 lb/acre (56
to 84 kg/ha) N and 25 to 50 lb/acre (28 to 56 kg/ha) P

(Dreesen 2007). Recent research indicates that early
spring N provides little benefit and should be delayed
until late spring. Foliar applications of N as urea (3%
spray) in September have shown to be beneficial and,
unlike fall soil N applications, do not delay dormancy
nor increase the risk of damage from an early frost
(Saskatchewan Forest Centre 2003).

Pest Management - Monitoring for pests on a regular
basis is especially important. Both willows and
cottonwoods are very susceptible to the stem fungus
Cytospora chrysosperma. The fungus infects the bark
and causes blackstem disease, which can lead to severe
losses of cuttings in stooling beds. If infected cuttings
are harvested, then the disease can spread during
storage. The severity of blackstem diseases increase
with the age of the stooling blocks, so it is suggested
that stooling blocks not be used for more than 4 to 5
years (University of Illinois 2007).

Populus species are susceptible to cottonwood leaf
beetle which can be heavy defoliators. In Colorado, leaf
beetles are treated with one application of an
imidacloprid insecticide. The difficultly in controlling
this insect is that the egg stage appears to be resistant to
insecticide treatments. Adults and egg stages of beetle
development may be present at the same time and on the
same leaf. A new crop of adults will emerge 1 to 3
weeks after initial treatment (Grubb 2007). Both
willows and cottonwood are susceptible to leaf rusts and
must be treated with fungicides on a regular schedule.
Weeds are managed with pre-emergent herbicides, by
spot treating with contact herbicides, and regular manual
cultivation.

Roguing and Pruning - Unhealthy or diseased plants
should be rogued from stooling beds and, if necessary,
replaced with vigorous plants. Stooling beds must be
cut back every winter, including the first year of
establishment, to approximately 4 inches (10 cm) above
ground (Figure 2). With some species, pruning too low
to the ground will generate shoots the following spring
that are prostrate in habit and are difficult to harvest
with mechanical equipment (Saskatchewan Forest
Centre 2003). Following pruning, some nurseries cover
the root crowns with soil or mulch to stimulate more
shoots the following season.

Some plants spread laterally by underground stems or
rhizomes which can become a management problem.
With these species, it may be necessary to laterally
prune the edges of the stooling beds with a coulter or
vertical blade.
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Figure 2 - Stooling beds are harvested
by hand or with machinery during the
winter dormant period. The Big Sioux
Nursery bundles whips together before
cutting (A) and then transports the bun-
dles in wooden boxes (B). Lincoln-
Oakes Nursery uses a side-mounted har-
vester that is powered by a tractor (C).
Photos A&B by Big Sioux Nursery and C
by Greg Morgenson.
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Harvesting and Processing

Timing - Hardwood cuttings are harvested from
stooling beds when they are fully dormant, which
usually means December through early March.
Harvesting cuttings early in the dormant period ensures
that carbohydrate levels are at their highest, and also
allows adequate time for buds to fulfill their chilling
requirement. Harvesting early also reduces the chances
for winter desiccation, which can seriously reduce
rooting percentages (Vanstone and others 1986). Fall
watering of woody plants, especially in arid
environments, is recommended to alleviate winter
desiccation, and should improve the performance of the
harvested cuttings.

Harvest Methods - Harvesting is done with everything
from simple hand tools to custom fabricated equipment.
However they are harvested, special care must be taken
to preserve the natural polarity of the cuttings. Some
nurseries cut the bottoms of the whips at an angle which
establishes the polarity whereas other nurseries mark the
tops or bottoms with paint.

Manual harvesting is accomplished with hand pruners,
pruning shears, pruning saws, lopping shears, or tractor-
mounted sickle bar mowers. After pruning, the whips
are placed on trailers and transported to the packing
shed for processing. The Big Sioux Nursery in South
Dakota has developed an innovative way to speed-up
harvesting (Larson 2007). They trap the whips together
into tight bunches (Figure 2A) which makes them easier
to cut and transport (Figure 2B).

Lincoln-Oakes Nursery in North Dakota has developed
a side-mounted mechanical harvester powered by the
PTO on a tractor (Morgenson 1992). Whips are
severed with a rotating blade and then transported by
belts to a person who catches them and places them in
large box (Figure 2C).

Once harvested, the whips transported back to an
unheated processing area or packing shed. Processing
depends on the type of product desired. For propagation
cuttings and live stakes, side branches are pruned off the
whips that are bunched together and cut to the desired
length with a band saw. Care should be taken to select
healthy, vigorous material with plenty of vegetative
buds. For propagation cuttings, the top ends are usually
cut flat (90 degree angle) while the basal end is cut at an
angle (45 degrees or less) for easier sticking in the field
or greenhouse. The terminal portions of the whips are
discarded because they contain flower buds and root
poorly. All cutting tools should be sterilized frequently
to prevent the spread of diseases, and some nurseries

spray or dip the bundles in a Benlate/Thiram solution to
prevent storage molds (Morgenson 1992). Finally, the
cuttings are collected into bundles and bound with
twine, string or even large rubber bands. Be sure to
label bundles of cutting with permanent tags that won't
fade or be damaged by moisture.

The bundles of cuttings are stored in outdoor heeling-in
beds or indoor cooler storage to maintain dormancy until
they will be used at the nursery or shipped. Because
they can become desiccated, cuttings should be soaked
in water for 2 to 3 days to encourage the root initials in
the stems to swell (Mathers 2003).

Summary

Stooling beds are an effective way to produce a large
number of healthy, vigorous cuttings for use in the
nursery or for sale to clients. Compared to field
collection, stooling beds ensure that all cuttings will be
collected at the proper time and will be of the proper
species and genetic source. When properly established
and cultured, stooling beds can remain productive for
many years.
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Biofumigation - A New Potential Option in Nursery
Pest Management

Thomas D. Landis and Nabil Khadduri

We recently became aware of several technical articles
on a new technology that might have real applications in
both container and bareroot nurseries. A naturally-
occurring fungus species (Muscodor albus) was recently
discovered on a cinnamon tree in a botanical garden in
Honduras (Strobel 2006). Another member of the genus
(M roseus) has also been identified. Clinical trials dem-
onstrate that cultures of these fungi generate a gaseous
mixture of bioactive volatile organic compounds
(VOCs). These VOCs have been shown to be lethal to a
wide variety of plant and human pathogenic fungi
(Table 1), as well as some bacteria, nematodes, and
insects Although the fungi tested may not be the same
species that attack nursery crops, they are very closely
related to common nursery pathogens (Figure 1A).

Biofumigation

The term "mycofumigation" is being used to describe
the process of inoculating soil and growing media with
the beneficial fungus for the purpose of eliminating po-
tential pathogens prior to sowing. Of course, a promis-
ing application of this technology would be replace
methyl bromide fumigation as a means to control soil-
borne plant diseases (Figure 1B).

Initial trials with agronomic crops have shown promise
in both field and greenhouse applications. AgraQuest is
a biotech company from Davis, California is developing
and commercializing M albus for a variety of agricul-
tural applications. AgraQuest received a conditional U.
S – EPA registration for M albus products for use in
greenhouse soils, agricultural soils and post-harvest de-

cay control in 2005. In recent experiments with sugar
beet (Beta vulgaris) and eggplant (Solanum melongena)
seedlings, soil inoculated with several pathogenic fungi
was mycofumigated with M roseus and M albus. After
several weeks, the transplanted seedlings were compara-
ble to those growing in autoclaved soil (Stinson and
others 2003).

Biofumigation with M albus has some exciting advan-
tages but also some challenges. It is an interesting fun-
gus because it produces a white sterile mycelium with
no asexual or sexual spores or other reproductive struc-
tures such as chlamydospores or sclerotia. This is ideal
for a biocontrol agent because the fungus dies as soon as
it uses up its food sources, and its VOCs dissipate
quickly. On the other hand, one ongoing goal is to opti-
mize delivery of the fungus to nursery seedbeds of con-
tainer plants to maximize its effectiveness in the root
zone.

Trials at Webster Nursery

The Washington State Webster Nursery tentatively plans
to test M albus as a pre-plant fumigant as part of an
alternatives to methyl bromide trial scheduled for 2008.
Measurements on 1+0 and 1+1 coastal Douglas-fir
(Pseudotsuga menziesii) will include pre-and post-
fumigation soil pathogen loads, seedling mortality, seed-
ling shoot and root volumes, and shippable seedlings per
bed foot.

Summary

Biofumigation with M albus is certainly an exciting
new development in nursery pest management. It will
be interesting to follow the operational nursery trials and
I'll keep my eyes open for any new published literature.

Table I—Effects of volative organic compounds of the fungus (Muscodor albus) on common fungal
pathogens (modified from Strobel 2006)

Fungus Type of Disease Viability After 3 Day Mycelial Growth After 2
Exposure day Exposure

(%) 
Pvthium ultimum Damping-off; root rot Dead 0

Phytophthora cinnamomi Root rot Dead 0

Rhizoctonia solani Damping-off; root rot Dead 0

Fusarium solani Damping-off; root rot Alive 19.4

Cercospora beticola Leaf spot Alive 17.5



Figure 1 - Biofumigation has real potential as
an environmentally friendly way to control
common nursery diseases such as damping-off
(A), and the ultimate application could be to
replace the hazardous chemicals used for soil
fumigation (B).
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Alternative Sources of Secondary Macronutrients

Thomas D. Landis

Conventional fertilization is mainly concerned with the
"Big Three" macronutrients - nitrogen, phosphorus, and
potassium which together comprise over 75% of the
mineral nutrients found in typical plant tissue. So, it's
easy to forget about the importance of the "secondary
macronutrients" - calcium, magnesium, and sulfur. To
make matters worse, the symptoms for these mineral
nutrients are not particularly diagnostic. For example,
native plant seedlings do not exhibit visible calcium
deficiency symptoms such as "blossom end rot" of
tomatoes and peppers. In fact, I'm embarrassed to admit
that these symptoms in my vegetable garden this spring
brought the importance of these nutrients to my
attention. After all, I'm supposed to know something
about growing plants!

This experience caused me to reevaluate the options for
supplying calcium, magnesium and sulfur as fertilizers
and, in particular, look for new options for nurseries.

raise pH is an excellent source of calcium and
magnesium so growers feel that they don't need to
worry about this critical nutrient.

Calcium has several critical functions in plant
metabolism and structure. Calcium pectate acts as a
physical barrier to fungal hyphae penetration and high
calcium levels inhibit the polygalacturonase enzyme
which fungi, such as Fusarium and Pythium spp.,
manufacture to invade plant tissue. This means that
young germinating plants should have an immediate
source of calcium to ward off disease. In addition,
calcium pectate is needed for strong cell walls and so
calcium nutrition becomes particularly important during
hardening.

Calcium deficiencies can reach severe levels before they
are noticed because they occur first in the meristems
which are not readily visible - buds are cloaked within
other tissues and root tips are buried in the soil (Figure
1A). In the case of root tips, a problem with calcium
supply results in a complete cessation of root extension
within only a few hours (Figure 1B).

Calcium is seldom in the spotlight in
conifer seedling culture because it is found
in all but the most acid soils, and also is
commonly present in irrigation water. The
"lime" that has traditionally been added to

nursery soils and incorporated into growing media to

Although magnesium is most well-known
as the only metallic constituent of the
chlorophyll molecule, this macronutrient
has many other physiological functions in
plants. Magnesium is found naturally in
many bareroot soils and is also common

Figure 1- In trees and other native plants, calcium deficiency affects the meristems (A) which are not visible. In the
case of root tips, a problem with calcium supply results in a complete cessation of root extension within only a few
hours (B).
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in irrigation water. In the sandy soils favored for
bareroot nurseries, however, heavy rainfall and frequent
irrigation can leach the magnesium ions out of the root
zone. Because it is a chemical constituent of
vermiculite, magnesium is found at low levels in some
artificial growing media. However, this is not enough to
supply the needs of rapidly growing seedlings.

Foliar chlorosis is the typical symptom of magnesium
deficiency, but the position, pattern and timing of the
symptoms are not diagnostic in native plants. Because
magnesium is mobile within plant tissue, translocation
from older to younger foliage will occur, causing
deficiencies to show in older tissue first. Note that visual
symptoms do not develop until the magnesium
deficiency is severe, by then, serious growth loss has
already occurred.

Sulfur is rarely applied as a fertilizer in
traditional agriculture because it is
commonly found in soil minerals and is
also supplied in rain and irrigation water.
Because sulfur is found in both available

and unavailable forms in the soil and the concentrations
of these form varies over time, bareroot nurseries shoulc
have their soils tested for sulfur on an annual basis to
determine if fertilization is warranted. Artificial
growing media components like peat moss, vermiculite
and perlite contain essentially no available sulfur.

The fact that sulfate is an anion affects its availability in
2 ways: first, elemental sulfur must be oxidized before it
can become absorbed, and second, sulfate anions are not
strongly held in the soil or growing medium. So, unlike
calcium and magnesium which can accumulate on the
cation exchange sites in the soil, sulfur leaches readily
form the root zone and so must be regularly supplied to
a growing crop.

Ways to Supply the Secondary Macronutrients

Irrigation Water - As previously mentioned, irrigation
water often contains enough calcium, magnesium, and
sulfur to supply plant needs. However, their
concentrations vary considerably from nursery to
nursery depending on the source of the water and the
local geology (Table 1). Because it has had less time to
dissolve soluble minerals in the soil, irrigation water that
is obtained from surface sources such as streams and
ponds will usually have lower soluble salt levels than
water from underground sources. The water at many
places in the western US is called "hard" because it
contains high levels of calcium and magnesium that
cause scale to accumulate in pipes and also leaves
deposits.

Nurseries with moderately hard water are fortunate
because it often supplies all or most of the calcium and
magnesium requirements. As you can see in Table 1,

Table 1 - Irrigation water can be a significant source of the secondary macronutrients but the amounts vary
considerably from nursery to nursery

Nursery Total Salts -
Electrical

Conductivity
(msm/cm)

Calcium
(ppm)

Magnesium
(ppm)

Sulfate -
Sulfur
(ppm)

Hawaii Div. of Forestry
Kamuela, HI

40 1 1

Colorado State Forest Service Nursery
Ft. Collins, CO

58 7 11

University of Idaho Research Nursery
Moscow, ID

240 25 10 4

CS&KT Tribal Nursery
Ronan, MT

280 35 14 1

Los Lunas Plant Materials Center
Los Lunas, NM

520 17 5 31

California Div. of Forestry
Davis, CA

1610 66 113 315

Target Ranges 0 to 500 40 to 80 20 to 40 30 to 80

1

1
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Figure 2 - Fertigation is the only way to ensure that
each container receives the same amount of fertilizers
(A). Bareroot nurseries are starting to apply the les-
sons learned from container culture and applying solu-
ble fertilizers to their fields (B).

however, the base levels of these 2 mineral nutrients in
irrigation water varies considerably. The amount of
sulfur in irrigation water also varies widely: a recent
survey from across the US found that 4% of the water
samples contained no sulfur, and another 65% contained
less than 10 ppm. Compared to a target level of around
60 ppm, this is too low to supply the needs of rapidly
growing seedlings.

Traditional Sources

Dolomitic Limestone in Bareroot and Container
Nurseries - This has been the best choice for supplying
both calcium and magnesium in both bareroot and
container nurseries. In addition, the carbonate ions raise
the pH of the soil or growing medium so dolomite is
applied to bareroot nursery soils prior to sowing or
incorporated into growing media. This practice is
effective in bareroot nurseries where plant roots have

access to larger soil volumes. Small container plants,
however, only have access to a very limited volume of
growing medium and problems in even distribution of
the dolomite can cause variable growth patterns.

Fertigation in Container Nurseries - Injecting soluble
fertilizers is the only way to ensure that calcium and
magnesium will be available at the proper concentration
and ratio. Custom-mixed fertigation solutions should
contain a target concentration of around 80 ppm calcium
and 40 ppm magnesium with a Ca to Mg ratio between
2:1 and 3:1. Be aware that most commercial soluble and
slow-release fertilizers do not contain calcium or
magnesium due to problems with solubility in
concentrated stock solutions.

Soluble, Readily-available Sources

Progressive nursery managers are realizing that, next to
proper irrigation, custom fertilization is the most
effective way of increasing the growth rate and quality
of their stock. Injecting soluble fertilizers in the
irrigation system ("fertigation") ensures that the same
amount of soluble fertilizer is applied to each container
(Figure 2A). Some progressive bareroot nurseries are
starting to apply soluble fertilizers to their crops to
ensure that the nutrients are readily available to small,
rapidly growing seedlings early in the growing season

- (Figure 2B).

Compared to the other mineral nutrients, there are fewer
soluble options for the secondary macronutrients (Table
2). However, calcium, magnesium, and sulfur can be
supplied with only 2 fertilizers: calcium chloride
(CaC12) and epsom salts (MgSO4). Calcium is the most
difficult mineral nutrient to supply through fertigation
because only two soluble forms are available. Calcium
nitrate(CaNO 3) is a favorite of container growers
especially during hardening but often growers want to
supply soluble calcium without the growth stimulating
effects of the added nitrogen. Calcium chloride is ideal
for this purpose. It has been used for years as a
treatment for "blossom end rot" of tomatoes and other
vegetables (Figure 3). Ordinary epsom salts is a cheap,
readily available fertilizer that supplies both magnesium
and sulfur.

Both these fertilizers are very soluble, inexpensive, and
readily available. The only caution is that they should
not be tank-mixed because of solubility problems.
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Figure 3 - Calcium chloride is widely used as a foliar
treatment for the physiological disease known as
"blossom end rot" of tomatoes, but this fertilizer is
not commonly used in native plant nurseries.

Summary

Because they are often found in irrigation water, the
secondary macronutrients are often overlooked by
nursery managers. Adequate supplies of calcium,
magnesium, and sulfur should be made available to
young developing seedlings. In particular, a ready
source of calcium is needed for new root growth and
also inhibits damping-off and other root rot fungi.
Fortunately, all 3 secondary macronutrients can be
easily supplied to both bareroot and container crops
through fertigation with calcium chloride and epsom
salts.
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Testing Irrigation Sprinkler Systems

Thomas D. Landis and Ron Overton

Overhead sprinklers are the most common irrigation
method in both bareroot and container nurseries.
Bareroot nurseries typically use rotary sprinklers that are
spaced in some regular geometric pattern. Fixed
sprinkler systems are also commin container
nurseries, although some have mobile irrigation booms.
The spacing of the individual sprinkler heads is
determined by the engineering specifications of the
nozzle, the water pressure at the head, and anticipated
wind speed and direction.

Fixed sprinkler systems have a couple of inherent flaws.
All sprinkler heads apply water in a circular area, but
there is always some amount of variation from the
center of the head out to the outer edge of the circle
(Figure 1A). Irrigation equipment manufacturers try to
compensate for this by equipping their nozzles with
spinners, wobblers, pin points, and so on to their heads
to help break up and spread the flow of water. In spite
of these engineering features, variation in water
application always occurs with the circular application
area.

Secondly, both bareroot and container nurseries are
divided into rectangular zones or bays that are controlled
by a valve. This means, you are attempting to irrigate a
rectangular area with a bunch of circles. To demonstrate
the difficulty of getting uniform irrigation onto your
zones try drawing a bunch of circles within a rectangle
so that the surface of the rectangle is covered but no
circle overlaps the other (Figure 1B).

Both new and existing irrigation systems should be
tested periodically to see if they are performing
properly. Many nursery managers assume that a new
system will perform according to the engineering
specifications, but this should be checked under normal
operating conditions. Fischer (1987) found that
theoretical irrigation patterns differed from operational
patterns and attributes this discrepancy to 2 factors:

1.The theoretical patterns assume that the water
pressure will be identical at each nozzle, which is
impossible because of pressure losses within the lateral
distribution lines.

2. Droplet collision between adjacent sprinklers will
affect distribution.

Figure 1—Because all sprinklers apply water irregularly (A), they are installed with considerable overlap which
creates application rates up to 4 times as much as normal (B).
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Existing irrigation systems need to be checked every
few months because nozzles can become plugged or
worn down to the point that they are no longer operating
properly.

The "Cup Test" - This simple but effective procedure
involves measuring the depth of water caught in a series
of cups or cans laid out on a regular grid system
throughout the growing area (Figure 2). Containers for
cup tests should have a circular opening that has a
narrow rim; the shape of the container below the
opening is not important as long as the cup is stable and
deep enough to hold several centimeters of water
without any splashing losses. Paper or plastic "Dixie"
cups will work but will need to weighted down to keep
them in place. Use a standard sized weight like a large
metal washer so you don't have to remove the weight
before measuring water depth.

Of course, wind direction and speed will greatly affect
the results so run your cup test early in the morning or
whenever winds are minimal. However, if you must

irrigate during windy periods, then it will be helpful to
run another cup test at the standard irrigation time. Once
your grid of cups is laid out, run the irrigation system for
a predetermined length of time. Measure the depth of
water within each cup and record the values on a chart
showing cup placement within the grid (Figure 2B).

Analysis of Cup Test Data

The amount of water collected can be converted to water
application rate in inches per hour by the following
formula (Furuta 1978):

P = (C x 3000)i (D 2 x T)

Where:
P = irrigation water applied per hour in inches
C = average water "caught" in cup (milliliters)
D = inside diameter of cup opening in millimeters
T = time of irrigation period (minutes).

Analysis of irrigation efficiency can be high-tech or

Figure 2—The best way to test irrigation sprinkler efficiency is the "cup test" (A), a regular grid where the depths
or volumes of water are measured at each point (B). Photo A by Kim Wilkinson
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Table 1—Target values for measures of sprinkler irrigation uniformity (Savory 2006)

Statistic Container Nursery Bareroot Nursery

Coefficient of Uniformity >90% >85%

Distribution Uniformity >85% >75%

Scheduling Coefficient 1.1 <1.3
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low-tech. Just looking at the raw collection data will
show you where you are over-watering or under-
watering. You should also run the cup test values
through the standard indices of irrigation efficiency.
Target values are provided in Table 1.

Coefficient of Uniformity (CU) - This test, which was
originally called Christiansen's coefficient of
uniformity, is the most widely used method to evaluate
sprinkler efficiency. It is based upon actual
measurement of the amount of water collected (the
"catch") in the cup test. The CU is a statistical
representation of the catch pattern expressed as a
percentage, and expresses the average catch minus the
average deviation from the average catch to the average
catch. Most people measure the depth of water in each
cup and calculate the CU as follows:

CU % = 100 (1 - Average Deviation / Average Depth)

Unfortunately, the CU is not a straight-forward measure
of the variation within the irrigated area. Because the
deviation from the average catch and the catch are both
averaged, the full range of deviation between sample
individual sample points is not accurately expressed by
the CU. This means, if you have a CU of 85%, you
can't just increase your watering cycle by 15% to bring
the irrigation of the driest points up to the desired level
of irrigation. The CU is most useful for evaluating
different types of irrigation systems rather than
measuring irrigation efficiency.

Distribution Uniformity (DU) - Another common
measure of the efficiency of an irrigation system is
called the distribution uniformity, and is expressed as a
percentage between 0 and 100%. The DU is calculated
by dividing the average water depth in the lowest 25%
of the cups from the cup test by the average water depth:

DU % = 100 (Average of Low One-Quarter Readings /
Average Depth)

The Distribution Uniformity test can be misleading if
the lowest application rates are uniformly spread over
the total area.

Scheduling Coefficient (SC) - The scheduling
coefficient gives a measure of the additional time
required at the area of lowest application (usually
measured over 5% of the area) to achieve the average
application rate.

A Real World Example

The information in Table 2 is the actual results from a
nursery that converted to a new irrigation system.
Converting to the new system reduced water application
rate and increased irrigation application uniformity in
both the greenhouse and the shadehouse. Converting
the application rates to yearly water use shows that
upgrading your irrigation system can result in
substantial savings in water as well as the energy used to
pump it. An added side benefit was the reduced amount
of water runoff that had to be managed (Messina 2006).

Where to Get Help

Several websites offer help in evaluating irrigation
systems. Some offer programs where you can input
your cup test data and they will calculate the CU or DU
values.

A computer program called SPACE (Sprinkler Profile
And Coverage Evaluation) is offered by the Center for
Irrigation Technology (CIT) in Fresno, California. CIT
conducts irrigation equipment testing and evaluation for
both public agencies and private businesses and also
offer seminars, workshops, study tours and customized
training programs for domestic and international clients.
Fees for projects are negotiated individually, depending
on the type of service and contracting agency. For more
information:

Center for Irrigation Technology
California State University Fresno
5370 N. Chestnut Ave.
Fresno, CA 93740-0018
Phone: (559) 278-2066
Fax: (559) 278-6033

: Website: http://cati.csufresno.edu/cit
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Figure 1 — The whole plant freezing test, the standard index
of cold hardiness (A), was compared to the NSure genetic
test (B) for monitoring the development of Douglas-fir
(Pseudotsuga meziesii hardiness from October through
December.
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Successful Trial With Innovative Cold NSure Test on
Douglas-fir Seedlings

Monique F. van Wordragen, Peter Balk,
and Diane Haase

Forest tree nurseries rely on a tight scheduling of
operations to be able to deliver vigorous seedlings to the
planting site. Refrigerated storage is used to maintain
planting stock in an inactive condition and to ensure
adequate stock availability for geographically distinct
planting sites. Cooler and freezer storage has therefore
become common practice, but can present challenges.
Lifting and storage of insufficiently hardened plants
reduces vitality and may lead to cold damage,
dehydration, and fungal infection. To prevent this kind
of damage, and its adverse economic effects on
nurseries and their customers, it is of vital importance to
be able to accurately determine seedlings' peak
physiological condition for harvesting, storage, or
shipping to the field.

The NSure Cold Hardiness Assay

Last year, a new method to measure cold tolerance was
introduced by NSure, a spin-off company from
Wageningen University in the Netherlands. The test is
based on measuring the level of activity of a carefully
selected set of genes. Because all physiological
responses are started and orchestrated by genes
switching on or off, this method can be highly accurate
and reliable. In fact, a comparable technology has been
used in medical diagnostics for some time now,
predominantly for making complex diagnoses such as
tumour typing. NSure developed a sampling procedure
that enabled the application of this technique in agro-
production, because no lab is required.

In the Summer 2006 issue of FNN, an article described
this new technology. At that time, NSure had tests
available for Scots pine (Pinus sylvestris), Norway
spruce (Picea abies), and European beech (Fagus
sylvatica). The assay is based on the relative activity of
3 indicator genes that together provide enough
information to give an estimate of the cold hardiness
stage of the seedling. The corresponding genes dominate
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the process of hardiness development in all provenances
studied and have a strong positive correlation with shoot
electrolyte leakage (SEL) cold hardiness tests. The
activity of three of these indicators (2 differentially
regulated dehydrin gene family members and one
control gene) is measured in the cold hardiness test
implemented by the company NSure.

Testing Douglas-fir

Because nurseries from the Pacific Northwest region
were interested in this technology, NSure developed a
new assay aimed at one of the economically most
important species in this region: Douglas-fir
(Pseudotsuga menziesii). The NSure test was been
examined during the 2006-07 season as part of a larger
cold hardiness project with the Nursery Technology
Cooperative (Dept. of Forest Science, Oregon State
University).

Cold hardiness at time of lifting was compared between
the Whole Plant Freezer Test (WPFT) and the NSure
test across 5 dates (October through December, 2006)
for 6 different Douglas-fir seed lots. For the WPFT,
seedlings were placed into a programmable chest freezer
at 4 target temperatures (Figure 1A). After freezing,
seedlings were placed into a greenhouse with optimal
growth conditions for 6 days and then assessed for
foliar, bud, and cambial damage to estimate the LT 10 or
LT50 (lethal temperature to 10% or 50 % of the
seedlings, respectively).

The NSure test was conducted on needles and buds
collected from the same seedlings used for the WPFT
test. The tissue was processed according to the sampling
protocol provided with the Nsure sampling kit. Samples
were then sent to The Netherlands for analyses. NSure
measured the level of expression of 6 indicator genes
and calculated the corresponding hardiness status using
models derived from P. sylvestris and P. abies.

Results

The results indicate a typical development of cold
tolerance as the autumn proceeded as well as differences
between seed lots derived from different elevations. The
stages of frost tolerance that are distinguished by the
NSure method corresponded to different levels of frost
tolerance as measured using the WPFT technology.

The NSure assay distinguished 3 stages of frost
tolerance. These phases were shown to correlate very
well with the LT values from the whole plant freezing
test (Table 1).

When needles were used, however, the correlation was
poor. In contrast to previous findings with Norway
spruce and Scots pine, this study indicates that
Pseudotsuga needles may not be as reliable as test
material.

Based on these results the NSure method seems to be a
good alternative for cold hardiness assay. The big
advantage of the NSure test is that seedlings do not have
to be transported to a test laboratory. The samples can
be taken and stabilized on site. Any physiological
changes occurring in response to transport conditions
will therefore not hamper the outcome of the test.

Future Testing

NSure would like to extend the present dataset with
samples from the 2007-08 season. Nurseries growing
Douglas-fir are therefore encouraged to try the
ColdNSure assay this year at a considerably reduced
price. A 50% reduction is offered to nurseries that are
willing to share information on batch quality with
NSure. Especially results of alternative cold hardiness
measurements performed on the same batch would be
very valuable to NSure.

Table I—Comparison of the NSure assay of Douglas-fir buds and the whole plant freezing test for cold
hardiness

NSure Cold Hardiness from WPFT Nursery Application
Phase Measured by LT50

0 No frost tolerance observed Seedlings are not hardy

1 23 and 14 °F (-5 and -10 °C) Developing hardiness—adequate for short-
term cold storage: 33 ° to 36°F (1 ° to 2 °C)

2 Below 14 °F (-10 °C) Developing hardiness—adequate for long-
term freezer storage: 30° to 25 °F (-2° to -4°C)
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At present, NSure test facilities are located in Sweden and The Netherlands. Samples must be sent to one of these
locations for analyses which will lengthen the response time. NSure is looking for partners, however, to set up a
local test lab that will be able to generate a result report within 1 or 2 days after receipt of the sample.

For more information, contact:

Monique F. van Wordragen, Programme Co-ordinator
Applied Plant Genomics
PO Box 17
6700 AA Wageningen
THE NETHERLANDS
TEL: 317.475114
FAX: 317-475347
E-mail: monique.vanwordragen@wur.nl
URL: http:// www.afsg.wur.nl or www.qualitygenomics.nl

mailto:monique.vanwordragen@wur.nl
http://www.afsg.wur.nl
http://www.qualitygenomics.nl
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southern silvicultural research conference, p. 547-550.
USDA Forest Service, Southern Research Station,
General Technical Report SRS-71. Kristina F. Connor,
ed. 2004.

4. Rectangular spacing: an economic benefit?
VanderSchaaf, C. L. and South, D. B. IN: Proceedings
of the 12th biennial southern silvicultural research

8. © Chokecherry have viable seeds and eat the fruit,
too! Sherwood, K. and Wilkinson, K. M. Native Plants
Journal 8(1):43-44. 2007.

9. Enhancing germination of Carex pensylvanica
seed. McGinnis, E. E. and Meyer, M. H. HortScience 42
(4):930. 2007.
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10. © Equipment settings for cleaning seeds of
smooth cordgrass, Spartina alterniflora Loisel.
Skaradek, W., Murray, N., and Alvarez, M. Native
Plants Journal 8(1):69-73. 2007.

11. © Forcing cycles speed growth and flowering in
western red lily (Lilium philadelphicum L.) May, L. L.
Native Plants Journal 8(1):11-12, 14, 16, 18. 2007.

12. © Germinating seeds of Lesquerella perforata and
stonensis: substrate effects and mucilage production.
Fitch, E. A., Walck, J. L., and Hidayati, S. N. Native
Plants Journal 8(1):4-10. 2007.

13. Germination conditions for poison ivy. Schiff, N.
M., Connor, K. F., and Devall, M. S. IN: Proceedings of
the 12th biennial southern silvicultural research
conference, p. 531-532. USDA Forest Service,
Southern Research Station, General Technical Report
SRS-71. Kristina F. Connor, ed. 2004.

14. © Growth, flowering, and survival of flrewheel,
Gaillardia pukhella Foug. based on seed source and
growing location. Hammond, H. E., Norcini, J. G.,
Wilson, S. B., Schoellhorn, R. K., and Miller, D. L.
Native Plants Journal 8(1):25-39. 2007.

15. © A method for breaking physical dormancy in
seeds of the endemic Tibetan plateau shrub Sophora
moorcroftiana var. moorcroftiana (Fabaceae) and
implications for restoration. Baskin, C. C., Wurts, J.,
Liu, Z., and Baskin, J. M. Natural Areas Journal 27
(2):118-123. 2007.

16. © Morphology and anatomy of palm seedlings.
Henderson, F. M. Botanical Review 72(4):273-329.
2006. Copies of this issue may be purchased from the
NYBG Press, The New York Botanical Garden, Bronx,
NY 10458.

17. Native roadside perennial grasses persist a
decade after planting in the Sacramento Valley.
O'Dell, R. E., Young, S. L., and Claassen, V. P.
California Agriculture 61(2):79-84. 2007.

18. Native wildflower seed collection in the Owyhee
Mountains of Idaho. Love, S. and Salaiz, T.
HortScience 42(4):968. 2007.

19. Outplanting of the endangered pondberry.
Devall, M. S., Schiff, N. M., and Skojac, S. A. IN:
Proceedings of the 12th biennial southern silvicultural
research conference, p. 574-577. USDA Forest Service,
Southern Research Station, General Technical Report
SRS-71. Kristina F. Connor, ed. 2004.

20. © Phenotypic diversity of Coreopsis leavenworthii
Torr. & Gray (Asteraceae). Czarnecki, D. M., Norcini,
J. G., and Deng, Z. Native Plants Journal 8(1):45-57.
2007.

21. © Propagation protocol for crimsoneyed
rosemallow, Hibiscus moscheutos L. (Malvaceae).
Hunter-Cario, L. Native Plants Journal 8(1):65-68. 2007.

22. © Propagation protocol for ram's head lady's
slipper, Cypripedium arietinum. Steele, W. K. Native
Plants Journal 8(1):58-64. 2007.

23. © Propagation protocol for rock evening
primrose, Oenothera caespitosa Nutt. Luna, T. Native
Plants Journal 8(1):40-41. 2007.

24. © Restoring forest in wetlands dominated by reed
canarygrass: the effects of pre-planting treatments
on early survival of planted stock. Hovick, S. M. and
Reinartz, J. A. Wetlands 27(1):24-39. 2007.

25. © Road slope revegetation in semiarid
Mediterranean environments. Part I: Seed dispersal
and spontaneous colonization. Bochet, E., Garcia-
Fayos, P., and Tormo, J. Restoration Ecology 15(1):88-
96. 2007.

26. © Roadfill revegetation in semiarid
Mediterranean environments. Part II: Topsoiling,
species selection, and hydroseeding. Tormo, J.,
Bochet, E., and Garcia-Fayos, P. Restoration Ecology 15
(1):97-102. 2007.

27. © Salvaging and relocating Ambrosia pumila.
Bainbridge, D. Native Plants Journal 8(1):19-24. 2007.

28. © Science, art, or application -- the "karma" of
restoration ecology. Halle, S. Restoration Ecology 15
(2):358-361. 2007.

29. © Science driven restoration: a candle in a demon
haunted world -- response to Cabin (2007). Giardina,
C. P., Litton, C. M., Thaxton, J. M., Cordell, S.,
Hadway, L. J., and Sandquist, D. R. Restoration
Ecology 15(2):171-176. 2007.

30. Seed germination and survival of Shepherdia
rotundifolia, Purshia mexicana, and S. argentea in
three substrates. Beddes, T. and Kratsch, H.
HortScience 42(4):996. 2007.

31. Seed propagation of chokecherry. Rowley, L. and
Black, B. L. HortScience 42(4):943-944. 2007.
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32. © Seed shatter dates of antelope bitterbrush in
Oregon. Johnson, G. R. and Berrang, P. C. Rangeland
Ecology & Management 60:99-103. 2007.

33. Effects of mulch type and fertilizer placement on
weed growth and soil pH and nutrient content.
Broschat, T. K. HortTechnology 17(2):174-177. 2007.

34. The effects of vermicomposts produced from
various organic solid wastes on growth of pistachio
seedlings. Golchin, A., Nadi, M., and Mozaffari, V.
Acta Horticulturae 726:301-305. 2006.

35. © Impacts of soil amendment history on nitrogen
availability from manure and fertilizer. Mallory, E.
B. and Griffin, T. S. Soil Science Society of America
Journal 71(3):964-973. 2007.

36. © Nutrient-release rates of controlled-release
fertilizers in forest soil. Haase, D. L., Alzugaray, P.,
Rose, R., and Jacobs, D. F. Communications in Soil
Science and Plant Analysis 38:739-750. 2007.

37. © Phosphorus additions increase the early
growth of red alder (Alnus rubra Bond.) on
Vancouver Island. Brown, K. R. and Courtin, P. J.
Western Journal of Applied Forestry 22(2):116-123.
2007.

38. The response of bareroot loblolly pine seedlings
to the amount and timing of nitrogen fertilization in
the nursery. Williams, H., Woodard, K., and Stewart,
T. IN: Proceedings of the 12th biennial southern
silvicultural research conference, p. 425-427. USDA
Forest Service, Southern Research Station, General
Technical Report SRS-71. Kristina F. Connor, ed. 2004.

39. Time for a spring makeover. Peters, C. and
Kackley, K. Greenhouse Management and Production
27(5):30-32, 34. 2007. A look at your fertility program
to avoid problems that can result in poor quality plants.

40. © Prospects for enhancing carbon sequestration
and reclamation of degraded lands with fossil-fuel
combustion by-products. Palumbo, A. V., McCarthy,
J. F., Amonette, J. E., Fisher, L. S., Wullschleger, S. D.,
and Daniels, W. L. Advances in Environmental
Research 8 :425-438. 2004.

41. © How to write consistently boring scientific
literature. Sand-Jensen, K. Oikos 116:723-727. 2007.

42. © The long-term effects of fire suppression and
reforestation on a forest landscape in Northeastern
China after a catastrophic wildfire. Wang, X., He, H.
S., and Li, X. Landscape and Urban Planning 79:84-95.
2007.

43. Recycling and reuse: what to do with all that
plastic? Miller, T. I. Digger 51(5):41-47.2007.

44. AFLP markers identify Cornus florida cultivars
and lines. Smith, N. R., Trigiano, R. N., Windham, M.
T., Lamour, K. H., Finley, L. S., Wang, X., and
Rinehart, T. A. Journal of the American Society for
Horticultural Science 132(1):90-96. 2007.

45. © Genetic analysis of early field growth of
loblolly pine clones and seedlings from the same full-
sib families. Baltunis, B. S., Huber, D. A., White, T. L.,
Goldfarb, B., and Stelzer, H. E. Canadian Journal of
Forest Research 37:195-205. 2007.

46. Genetic and spacing effects on loblolly pine
plantation development through age 17. Land, S. B.,
Jr., Roberts, S. D., and Duzan, H. W., Jr. IN:
Proceedings of the 12th biennial southern silvicultural
research conference, p. 413-419. USDA Forest Service,
Southern Research Station, General Technical Report
SRS-71. Kristina F. Connor, ed. 2004.

47. © Genetic variability and divergence among
Italian populations of common ash (Fraxinus
excelsior L.). Ferrazzini, D., Monteleone, I., and
Belletii, P. Annals of Forest Science 64:159-168. 2007.

48. Performance of a wide-ranging collection of black
locust seed sources in western Oklahoma. Tauer, C.
G. Tree Planters' Notes 52(1):26-31. 2007.
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49. © Reproductive indicators in natural populations
of Douglas-fir in Mexico. Mapula-Larreta, M., Lopez-
Upton, J., Vargas-Hernandez, J. J., and Hernandez-
Livera, A. Biodiversity and Conservation 16:727-742.
2007.

50. © The structure of genetic diversity in
Engelmann spruce and a comparison with blue
spruce Ledig, F. T., Hodgskiss, P. D., and Johnson, D.
R. Canadian Journal of Botany 84:1806-1828. 2006.

51. © Within and among family variation of orchard
and wild-stand progeny of interior spruce in British
Columbia. Stoehr, M., O'Neill, G., Hollefreund, C., and
Yanchuk, A. Tree Genetics and Genomes 1:64-68. 2005.

52. Growth of pedunculate oak seedlings inoculated
with ectomycorrhiza Laccaria bicolor in excessively
humid substrate conditions. Tikvic, I., Seletkovic, Z.,
Ugarkovic, D., and Rosavec, R. Periodicum Biologorum
109(1):47-53. 2007.

53. Muscodor albus and its biological promise.
Strobel, G. Journal of Industrial Microbiology and
Biotechnology 33:514-522. 2006.

54. Adaptation of an automatic irrigation-control
tray system for outdoor nurseries. Caceres, R.,
Casadesus, J., and Marfa, 0. Biosystems Engineering 96
(3):419-425. 2007.

55. Dealing with greenhouse wind loads. Bartok, J.
W., Jr. Greenhouse Management and Production 27
(5):62. 2007.

56. High tunnels can extend your production season.
Bridgen, M. Greenhouse Management and Production
27(5):27-29. 2007.

57. High tunnels offer low-cost, seasonal growing
space. Bartok, J. W., Jr. Greenhouse Management and
Production 27(4):59-61. 2007.

58. An inexpensive and reliable monitoring station
design for use with lightweight, compact data

62. © Comparison of early height growth between
white spruce seedlings and rooted cuttings. Beaulieu,
J. and Bernier-Cardou, M. Canadian Journal of Forest
Research 36:3246-3250. 2006.

63. Comparison of planting bar and hoedad planted
seedlings for survival and growth in a controlled
environment. Adams, J. C. and Patterson, W. B. IN:
Proceedings of the 12th biennial southern silvicultural
research conference, p. 423-424. USDA Forest Service,
Southern Research Station, General Technical Report
SRS-71. Kristina F. Connor, ed. 2004.

64. Determining the correct planting depth for
container-grown longleaf pine seedlings. Hainds, M. J.
IN: Proceedings of the 12th biennial southern
silvicultural research conference, p. 317-318. USDA
Forest Service, Southern Research Station, General
Technical Report SRS-71. Kristina F. Connor, ed. 2004.

65. Effects of subsoiling and competition control on
first year survival and growth of four hardwood
species. Ezell, A. W. and Shankle, M. W. IN:
Proceedings of the 12th biennial southern silvicultural
research conference, p. 571-573. USDA Forest Service,
Southern Research Station, General Technical Report
SRS-71. Kristina F. Connor, ed. 2004.

66. Establishing longleaf pine seedlings on
agricultural fields and pastures. Hainds, M. J. IN:
Proceedings of the 12th biennial southern silvicultural
research conference, p. 309-313. USDA Forest Service,

loggers. Zalesny, R. S., Jr., Wiese, A. H., Bauer, E. 0.,
Headlee, W. L., Jr., Hall, R. B., Mahama, A. A., and
Zalesny, J. A. Tree Planters' Notes 52(l):32-35. 2007.

59. Maintain temperatures with evaporative cooling.
Both, A. J. Greenhouse Management and Production 27
(4):39-42. 2007. 2 systems will help you maintain target
set point temperatures when a ventilation system is not
enough.

60. Racks add production space. Bartok, J. W., Jr.
Greenhouse Management and Production 27(2):62.
2007.

61. Understanding fan ventilation. Bartok, J. W., Jr.
Greenhouse Management and Production 27(3):54-55.

I 2007.
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Southern Research Station, General Technical Report
SRS-71. Kristina F. Connor, ed. 2004.

67. © Establishing mixed forests in Sweden by
combining planting and natural regeneration --
Effects of shelterwoods and scarification. Nilsson, U.,
Orlander, G., and Karlsson, M. Forest Ecology and
Management 237:301-311. 2006.

68. Factors affecting survival of longleaf pine
seedlings. Kush, J. S., Meldahl, R. S., and Boyer, W. D.
IN: Proceedings of the 12th biennial southern
silvicultural research conference, p. 314-316. USDA
Forest Service, Southern Research Station, General
Technical Report SRS-71. Kristina F. Connor, ed. 2004.

69. © First-year growth response of cold-stored,
nursery-grown aspen planting stock. Martens, L. A.,
Landhausser, S. M., and Lieffers, V. J. New Forests
33:281-295. 2007.

70. Four pine species grown at four spacings on the
eastern highland rim, Tennessee, after 30 years.
Schubert, M. R., Rennie, J. C., and Schlarbaum, S. E.
IN: Proceedings of the 12th biennial southern
silvicultural research conference, p. 433-436. USDA
Forest Service, Southern Research Station, General
Technical Report SRS-71. Kristina F. Connor, ed. 2004.

71. Growth and development of outplanted high-
quality northern red oak seedlings and the effects of
competing herbaceous production within four
overstory treatments -- first-year results. Oswalt, C.
M., Clatterbuck, W. K., Schlarbaum, S. E., and Houston,
A. E. IN: Proceedings of the 12th biennial southern
silvicultural research conference, p. 559-564. USDA
Forest Service, Southern Research Station, General
Technical Report SRS-71. Kristina F. Connor, ed. 2004.

72. Growth and survival of baldcypress planted in an
old rice field of coastal South Carolina. Conner, W.
H., Inabinette, L. W., and Ozalp, M. IN: Proceedings of
the 12th biennial southern silvicultural research
conference, p. 578-580. USDA Forest Service,
Southern Research Station, General Technical Report
SRS-71. Kristina F. Connor, ed. 2004.

73. © Growth in supplementarily planted Picea abies
regenerations. Nilsson, U. and Gemmel, P.
Scandinavian Journal of Forest Research 22:160-167.
2007.

74. Improving species composition in mismanaged
bottomland hardwood stands in western Alabama.
Taylor, T. S., Lowewenstein, E. F., and Chappelka, A.

H. IN: Proceedings of the 12th biennial southern
silvicultural research conference, p. 565-570. USDA
Forest Service, Southern Research Station, General
Technical Report SRS-71. Kristina F. Connor, ed. 2004.

75. Mechanical damage incurred by underplanted
northern red oak following six overstory treatments:
first-year results. Olson, M. G., Clatterbuck, W. K.,
and Schlarbaum, S. E. IN: Proceedings of the 12th
biennial southern silvicultural research conference, p.
551-554. USDA Forest Service, Southern Research
Station, General Technical Report SRS-71. Kristina F.
Connor, ed. 2004.

76. Performance of slash pine bare-root seedlings
and containerized rooted cuttings planted on five
dates in Louisiana. Akgul, A., Messina, M. G., Wilson,
A., and Weber, J. IN: Proceedings of the 12th biennial
southern silvicultural research conference, p. 429-432.
USDA Forest Service, Southern Research Station,
General Technical Report SRS-71. Kristina F. Connor,
ed. 2004.

77. Stock type affects performance of shortleaf pine
planted in the Ouachita Mountains through 10 years.
Barnett, J. P. and Brissette, J. C. IN: Proceedings of the
12th biennial southern silvicultural research conference,
p. 420-422. USDA Forest Service, Southern Research
Station, General Technical Report SRS-71. Kristina F.
Connor, ed. 2004.

78. © Summer planting of Picea abies container-
grown seedlings: Effects of planting date on survival,
height growth and root egress. Luoranen, J., Rikala,
R., Konttinen, K., and Smolander, H. Forest Ecology
and Management 237:534-544. 2007.

79. Survival and growth of bottomland hardwood
seedlings and natural woody invaders near forest
edges. McCoy, J. W., Keeland, B. D., and Wharton, K.
IN: Proceedings of the 12th biennial southern
silvicultural research conference, p. 535-541. USDA
Forest Service, Southern Research Station, General
Technical Report SRS-71. Kristina F. Connor, ed. 2004.

80. Vegetation cover affects mammal herbivory on
planted oaks and success of reforesting Missouri
River bottomland fields. Dugger, S., Dey, D. C., and
Millspaugh, J. J. IN: Proceedings of the 12th biennial
southern silvicultural research conference, p. 3-5.
USDA Forest Service, Southern Research Station,
General Technical Report SRS-71. Kristina F. Connor,
ed. 2004.
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81. Aphid identification and control. Wainwright-
Evans, S. American Nurseryman 205(8):8-9. 2007.

82. Biofungicides have multiple applications. Mason,
S. G. Greenhouse Management and Production 27(2):45
-47, 49. 2007.

83. Chemicals offer Pythium control for today and
beyond. Chase, A. Greenhouse Management and
Production 27(6):88-90. 2007.

84. Control Botrytis to stop production problems in
spring. Smith, T. Greenhouse Management and
Production 27(4):55-57. 2007.

85. Critical analysis of combined PCR diagnostics
used in Federal surveys for Phytophthora ramorum.
Zeller, K. A., Twieg, E. N., Picton, D. D., Devries, R.
M., and Levy, L. Phytopathology 97(7)Suppl:S129.
2007.

86. Effects of Botryosphaeria inoculation and stress
during lifting and outplanting on initial growth of
outplanted sweetgum seedlings. Carey, W., Gerwig,
D., Cregg, B., and Enebak, S. IN: Proceedings of the
12th biennial southern silvicultural research conference,
p. 150-152. USDA Forest Service, Southern Research
Station, General Technical Report SRS-71. Kristina F.
Connor, ed. 2004.

87. © The effects of calcium on stem lesions of silver
birch seedlings. Lilja, A., Luoranen, J., Rikala, R., and
Heinonen, R. Forest Pathology 37:96-104. 2007.

88. Excised shoots of top-pruned red pine (Pinus
resinosa), a source of inoculum of the shoot blight
pathogen Diplodia pinea. Munck, I. A. Phytopathology
97(7)Suppl:S81. 2007.

89. Floriculture production with iodomethane, 1,3-
dichloropropene and chloropicrin as an alternative
to methyl bromide. Gerik, J. S. Phytopathology 97(7)
Suppl:S40. 2007.

90. How to control Phytophthora. Hausbeck, M.
Greenhouse Management and Production 27(4):58.
2007.

91. Hunting for Phytophthora ramorum and other
species of Phytophthora in suburban waterways in

South Carolina. Wamishe, Y. A., Jeffers, S. N., and
Hwang, J. Phytopathology 97(7)Suppl:S119. 2007.

92. Identification and frequency of Phytophthora
species causing foliar diseases in California
ornamental nurseries. Yakabe, L. E., Blomquist, C. L.,
Thomas, S. L., and MacDonald, J. D. Phytopathology 97
(7)Suppl:S126. 2007.

93. Identification of Phytophthora diseases in
Tennessee nurseries. Mmbaga, M. T., Lamour, K.,
Donahoo, R., and Mrema, F. A. Phytopathology 97(7)
Suppl:S78. 2007.

94. I mpact and biology of Phytophthora ramorum.
Grunwald, N. J. Phytopathology 97(7)Suppl:S168. 2007.

95. Investigations of Fusarium diseases within Inland
Pacific Northwest forest nurseries. James, R. L. and
Dumroese, R. K. IN: Proceedings of the 53rd Western
International Forest Disease Work Conference, 2005,
p.3-11. USDA Forest Service, Intermountain Region.
2006.

96. 1PM strategies can reduce pesticide runoff. Robb,
K. L. Greenhouse Management and Production 27(3):39
-40. 2007.

97. Light affects pests, beneficials. Cloyd, R.
Greenhouse Management and Production 27(3):52-53.
2007.

98. Mealybugs can be a serious threat to azaleas.
Gural, E. and Gural, W. American Nurseryman 205
(10):10-12. 2007.

99. Microbiological profiling of cultural systems for
Phytophthora control in Fraser fir. Richter, B. S.,
Benson, D. M., and Ivors, K. L. Phytopathology 97(7)
Suppl:S98. 2007.

100. Molecular detection and quantification of
disease suppressive microbial inoculants and
Pythium ultimum in soil-less potting mixes. Pasura, A.
and Elliott, G. C. Phytopathology 97(7)Suppl:S90. 2007.

101. Nantucket pine tip moth control and loblolly
pine growth in intensive pine culture: two-year
results. Kulhavy, D. L., Yeiser, J. L., and Smith, L. A.
IN: Proceedings of the 12th biennial southern
silvicultural research conference, p. 147-149. USDA
Forest Service, Southern Research Station, General
Technical Report SRS-71. Kristina F. Connor, ed. 2004.
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102. © Natural and experimental host range of
Sirococcus clavigignenti-juglandacearum. Ostry, M. E.
and Moore, M. Plant Disease 91:581-584. 2007.

103. Pathogenicity of four Fusarium species on
Acacia koa seedlings. Dudley, N. S., James, R. L.,
Sniezko, R. A., and Yeh, A. USDA Forest Service,
Northern Region, Forest Health Protection Numbered
Report 07-04. 9 p. 2007.

104. Phytophthora ramorum: what is the risk for
eastern Canada? Rioux, D., Callan, B., McKenney, D.,
Simard, M., Briere, S. C., and Watson, A. K.
Phytopathology 97(7)Suppl:S179. 2007.

105. Reducing pesticide inputs in nurseries using a
portable hot water immersion system. Gill, S.,
Schuster, C., Ross, D. S., Shrewsbury, P., and
Rosenkranz, V. HortScience 42(3):430. 2007.

106. Root colonization of several species of native
grasses by Ophiosphaerella. Walker, N. R.
Phytopathology 97(7)Suppl:S119. 2007.

107. Searching for Phytophthora ramorum: three
years of surveying New York State and northeastern
nurseries for the sudden oak death pathogen. Snover-
Clift, K. L., Clement, P., and Jensen-Tracy, S.
Phytopathology 97(7)Suppl:S109. 2007.

108. Status of methyl bromide alternatives for
ornamental crop production in Florida and
California. Rosskopf, E. N., Gerik, J. S., Kokalis-
Burelle, N., Church, G. T., and McSorley, B.
Phytopathology 97(7)Suppl:S101. 2007.

109. A summary of National Survey and Compliance
Testing for Phytophthora ramorum by NPGBL --
2005-2006. Zeller, K. A., Twieg, E. N., Picton, D. D.,
Negi, S. S., Owens, K. J., DeVries, R. M., and Levy, L.
Phytopathology 97(7)Suppl:S129. 2007.

110. Susceptibility of Fraser fir to Phytophthora
capsici. Quesada-Ocampo, L. M., Fulbright, D. W., and
Hausbeck, M. K. Phytopathology 97(7)Suppl:S95. 2007

111. Taking a stroll with biocontrol. Ludwig, S. and
Ong, K. American Nurseryman 205(12):32-35. 2007.
The key to using biological control agents to manage
pests and diseases in a nursery setting is understanding
the fundamentals of this natural option.

112. The use of compost in horticulture for
controlling soil-borne pathogens. Pugliese, M.,
Gullino, M. L., and Garibaldi, A. Phytopathology 97(7)
Suppl:S95. 2007.

113. Validation of confirmatory real-time PCR
diagnostic assays for detecting Phytophthora
ramorum. Zeller, K. A., DeVries, R. M., and Levy, L.
Phvtonatholouv 97(71Supp1:S129. 2007.

114. Drift dodging. Grabarek, B. American
Nurseryman 205(3):27-29. 2007. Important safety
factors to consider before treating your nursery crops
with snraved chemicals.

115. © Cold hardiness of interspecific hybrids
between Pinus strobus and P. wallichiana measured
by post-freezing needle electrolyte leakage. Lu, P.,
Colombo, S. J., and Sinclair, R. W. Tree Physiology
27:243-250. 2007.

116. Container-grown longleaf pine seedling quality.
Hainds, M. J. and Barnett, J. P. IN: Proceedings of the
12th biennial southern silvicultural research conference,
p. 319-320. USDA Forest Service, Southern Research
Station, General Technical Report SRS-71. Kristina F.
Connor, ed. 2004.

117. © Early summer frost hardiness in Picea abies
seedlings in response to photoperiod treatment.
Rostad, H., Granhus, A., Floistad, I. S., and Morgenlie,
S. Canadian Journal of Forest Research 36:2966-2973.
2006.

118. Effects of light regimes on the biomass and
morphological characteristics of 2-year-old
cherrybark oak seedlings. Guo, Y. and Shelton, M. G.
IN: Proceedings of the 12th biennial southern
silvicultural research conference, p. 483-486. USDA
Forest Service, Southern Research Station, General
Technical Report SRS-71. Kristina F. Connor, ed. 2004.

119. Flush development dynamics in first-year
nursery-grown seedlings of eight oak species. Sung, S.
-J. S., Kormanik, P. P., and Zarnoch, S. J. IN:
Proceedings of the 12th biennial southern silvicultural
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research conference, p. 542-546. USDA Forest Service,
Southern Research Station, General Technical Report
SRS-71. Kristina F. Connor, ed. 2004.

120. © Ice nucleation and frost resistance of Pinus
canariensis seedlings bearing needles in three
different developmental states. Luis, V. C., Taschler,
D., Hacker, J., Jimenez, M. S., Wieser, G., and Neuner,
G. Annals of Forest Science 64:177-182. 2007.

121. © The impact of shade on morphology, growth
and biomass allocation in Picea sitchensis, Larix x
eurolepis and Thuja plicata. Kennedy, S., Black, K.,
O'Reilly, C., and Dhubhain, A. N. New Forests 33:139-
153. 2007.

122. Photosynthetic potential of laurel oak seedlings
following canopy manipulation. McLeon, K. W. and
Burke, M. K. IN: Proceedings of the 12th biennial
southern silvicultural research conference, p. 513-519.
USDA Forest Service, Southern Research Station,
General Technical Report SRS-71. Kristina F. Connor,
ed. 2004.

123. Stem sinuosity of loblolly pine seedlings as
influenced by taproot shape. Murphy, M. S. and
Harrington, T. B. IN: Proceedings of the 12th biennial
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