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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. 

An intensive workshop, Vegetative propagation of native Hawaiian and fruit trees for domestication and 
commercial  purposes, will be held in Kealakekua, Kona, Hawai’i on May 20, 2006.   For registration and 
workshop information please contact: 

Craig Elevitch 
Permanent Agriculture Resources 

PO Box 428 
Holualoa, HI 96725 
TEL: 808.324.4427 
FAX: 808.324.4129 

E-Mail: par@agroforestry.net 
Web: http://www.agroforestry.net 

The Western Forest and Conservation Nursery Association (WFCNA) will be meeting in Eugene, OR on June 
19 to 21, 2006.   For more information please contact: 

Lee Riley 
Umpqua National Forest 
34963 Shoreview Road 

Cottage Grove, OR 97424 
TEL: 541.767.5723 
FAX: 541.767.5709 

E-Mail: leriley@fs.fed.us 

The exhibition, Nursery Machinery 2006,  is taking place August 17 and 18, 2006 at the Horticulture Centre in 
Ellerhoop, Kreis Pinneberg, Germany.  Exhibition and registration forms are available at: 

 
E-Mail: info@baumschultechnik.de 

TEL: 0049.0.4101.205922 
FAX: 0049.0.4101.20593 

WEB: www.baumschultechnik.de 
www.nurserymachinery.com 

The Southern Nursery Conference will be in Tyler, Texas, July 11 to 13, 2006. Field trips to the Texas Forest 
Service Indian Mound  Nursery and International Paper Nursery. For more information please contact: 
 

Harry Vanderveer 
Georgia Operations 

International Forest Company 
PO Box 539 

Buena Vista, GA 31803-0539 
TEL: 912.649.6626 
FAX: 912.649.6635 

E-Mail: ifsco89@sowega.net 
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Container Tree Nursery Manuals (CTNM) 
Now Available as E-Books 
 
If you are as technologically challenged as I am, your 
first question is “What is an E-Book?”  An E-Book, or 
electronic book, is a digital book that you can read on a 
computer screen.  Some E-Books can also be read on 
portable electronic devices such as a Palm or handheld 
computer, but this requires special software.   
 
The CTNM series has been very popular but 
unfortunately several volumes are now of print.  We 
have reprinted some volumes, notably Volume Five: 
Nursery Pest and Mychorrhizae, several times but we 
are already out of hard copies.  With the current tight 
federal budget, it is extremely doubtful that we will be 
able to locate enough funds to reprint any of the CTNM 
volumes.  So, we recently converted all 6 available 
volumes to E-Book format (Figure 1). 
 
Before you can read any E-Book, you must have the 
proper software installed on your computer.  You need 
Adobe Acrobat 7.0 to read the CTNM E-Books and 
access all the features.  The  software is included on 
each CD so you have everything you need. 
 
The E-Book format has a number of advantages: 
 
1. User-friendly Format—Because E-Books are small 
and light, they are easy to handle, transport, and store.  

The CD version of Volume One: Nursery Planning, 
Development, and Management weighs only 3 ounces  
compared to the hard copy which weighs well over one 
pound.  
 
2. Inexpensive—Many E-Books can be downloaded for 
free on-line, and others can be purchased.  We were able 
to have the CTNM series formatted for free so the only 

 

Figure 1—Volumes One through Six are now avail-
able as E-Books. 

Figure 2 - One of the most attractive featuers of E-Books is that you can 
search for terms. 
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expense was burning the CDs, purchasing the jewel 
cases, and the graphics and printing of the cover 
material.  So, you can purchase any of the six available 
CTNM volumes for $15 which includes shipping and 
handling expenses.  Compare that to the prices of the 
original hard copies for $25. 
 
3. Searching—One of the most useful features of the 
CTNM E-Books is that you can search for any keyword 
quickly and accurately.  For example, let’s search for 
“blackout” in Volume Three: Atmospheric Environment 
(Figure 2, A).  Go to the “Edit” heading and scroll down 
to “Search”, which opens a panel on the right.  Type in 
“blackout” and, on my computer, the search took less 
than 15 seconds and resulted in 17 “hits” (Figure 2, B).  
Each hit shows the exact location of the text and page 
number in the book where the word “blackout” occurs 
(Figure 2, C).  This sure beats thumbing through a Table 
of Contents or Index of a hard copy book. 
 
If you copy all of the CTNM E-Book files to your hard 
drive, then you have the ability to search the entire series 
at once.  Of course, this takes a little longer but is a very 
useful feature. 
 
4. Copying Text and Graphics—This is the feature that I 
find the most useful, and I think you will too.  Once you 
have found the section of interest, you can either just 

read it or copy any desired sections to the clipboard on 
your computer.  Go to the select tool in the top toolbar, 
and highlight the text of interest (Figure 3).  Next, right-
click your mouse to copy the text section onto the 
clipboard of your computer. Then it can be pasted into 
any word-processing software. 
 
Use the same procedure to copy any of the illustrations 
or photographs, which you can copy to any word-
processing or graphic software.  The resolution of any 
graphic is limited to 72 dpi but this is good enough for 
MS Powerpoint or other screen resolution applications.   
 
Note: All of the information in the CTNM series is 
copyright-free so all we ask is that you acknowledge the 
source whenever you use copied text or graphics. 
 
Both  hard copies and E-Books can be purchased from: 
Richard Zabel 
Western Forestry and Conservation Association 
4033 SW Canyon Road 
Portland, OR 97221 
USA 
TEL: 503.226.4562 
FAX: 503.226.2515 
E-Mail: richard@westernforestry.org 
Website: www.westernforestry.org/ 

Figure 3 - You can also copy text to the computer clipboard and paste it inot 
word-processing programs.  Photos and illustrations can also be copied. 
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Seedling Quality Tests: Root ElectrolyteLeakage 
 
by Gary A. Ritchie and Thomas D. Landis 
 
Introduction  
 
Roots are among the most fragile parts of plants and, 
hence, are sensitive to many environmental and 
operational stresses. These include high and low 
temperatures (Lindström and Mattson 1989, Stattin and 
others 2000), desiccation (McKay and Milner 2000), 
rough handling (McKay and White 1997), improper 
storage (McKay and Mason 1991, McKay 1992, Harper 
and O’Reilly 2000) and even water logging and disease. 
It is sometimes possible to detect root damage using the 
time-honored thumbnail scraping and browning 
examination, but often damage is invisible or impossible 
to quantify. A more rigorous test and useful test is called 
root electrolyte leakage (REL). It measures the health 
and function of root cell membranes, so REL can be 
used as an indication of root injury and therefore 
seedling quality.   
 
The REL technique can be traced back to the early work 
of Wilner (1955, 1960), but Helen McKay and her co-
workers in the United Kingdom were among the first to 
use REL to evaluate bareroot nursery stock.  REL has 
also been used in Canada (Folk 1999), and is currently 
one of a battery of seedling quality tests developed by 
the Ontario Ministry of Natural Resources (Colombo 
and others 2001).  In the United States, however, 
electrolyte leakage has only been used to test the cold 
hardiness of foliage but, to our knowledge, REL is not 
being used. 
 
REL has many desirable features: the procedure is 
relatively simple, uses readily available equipment, and 
produces results quickly.  However, interpretation of 
these results can be problematic due to species, seedlot 
and seasonal interactions. 
 
Theory 
 
Water in roots is contained within two different 
systems – the symplast and the apoplast (see Ritchie and 
Landis 2003). The symplast includes all tissues that are 
enclosed within cell membranes (that is, the cell 
contents), while the apoplast includes everything else 
(that is, xylem elements, cell walls and voids). 
Apoplastic water is nearly pure, while symplast water 
contains a variety of  ions. The semi-permeable 
membranes surrounding the symplast allow water to 
pass freely, but not the ions. As cell membranes become 
degraded through damage, disease, or age, they loose the 
ability to contain ions. So, if you were to measure the 

quantity of ions that leaked across damaged root 
membranes, this would provide an estimate of the 
relative viability of the root system (Palta and others 
1977).  If the damaged tissues are placed in distilled 
water, the amount of membrane leakage can be easily 
and quickly measured with a standard nursery device— 
an electrical conductivity (EC) meter.  This is the basis 
of the REL test. 

Measurement Procedure 
 
The technique that is most often used (McKay 1992, 
1998) has changed little from the initial protocol 
described by Wilner (1955). The steps are as follows 
(Figure 1): 
1. Roots are first washed in water to remove soil, then 

in deionized water to remove any surface ions that 
may be present. 

2. A central mass of roots is removed from the plant. 
With tree seedlings, this is often a band about 1 in. 
(2.5 cm) wide running across the mid-section of the 
root system. 

3. Roots with diameter greater than 0.08 in. (2 mm) 
are removed from the sample leaving only “fine” 
roots. 

4. Fine roots are placed into a 1.7 in3 (28 ml) glass 
vessel containing 1 in3 (16 ml) of deionized water. 

5. The vessel is then capped, shaken, and left at room 
temperature for about 24 hours. 

6. The conductivity of the solution (“Clive”) is 
measured with a temperature-compensated 
electrical conductivity meter. 

7. The root samples are removed and killed by 
autoclaving at 100 °C (212 °F) for 10 minutes. 

8. The conductivity of the solution surrounding the 
dead root samples (“Cdead”) is measured. 

9. The REL is calculated as the ratio of the EC of the 
live roots divided by the EC of the dead roots:  
REL=(Clive/Cdead) x 100. 

Figure 1. In a root electrolyte leakage (REL) test, 
root viability is rated by measuring the relative 
permeability of root cell membranes. 
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The Biological Significance of REL 
 
McKay (1998) offers the following explanation for why 
the REL test has application as a seedling quality test. 
After outplanting, the main cause of seedling mortality 
is transplant shock induced by water stress.  A newly 
planted seedling must be able to extract water from the 
surrounding soil using its existing roots, and REL 
measures the viability of the root system.  A low REL 
reading indicates high root viability, allowing water 
uptake to mitigate transplant shock. 
 
Applications of REL in Nurseries  
 
The REL test is most often used to assess effects of cold 
damage to roots, poor storage conditions, root exposure 
causing desiccation, or rough handling of tree seedlings. 
Nearly all the published work has been with commercial 
conifer seedlings, primarily Douglas-fir (Pseudotsuga 
menziesii), spruces, pines, and larch.  Use of REL to 
detect freezing damage to roots is applied in one of two 
contexts: evaluation of cold hardiness test results, and 
detection of root injury following unseasonably cold 
weather or sun exposure. 
 
Cold hardiness testing.  Classic cold hardiness testing 
involves two steps: (1) exposing test seedlings to a 
predetermined sub-freezing temperature (or range of 
temperatures), and (2) after an incubation period, 
determining the amount of damage sustained by the 
frozen tissues (Ritchie 1991, Burr and others 2001). 
REL is a quick and quantitative way of measuring root 

damage in Step 2.  For example, root samples from 
bareroot Norway spruce (Picea abies) seedlings were 
exposed to either -5 °C (23 °F) or -10 °C  (14 °F) bi-
weekly from September 22 through December 15, 1997 
in Sweden (Stattin and others 2000).  As winter 
progressed, the difference in REL cold - treated and 
untreated seedlings became smaller, indicating that the 
seedlings were becoming increasingly more cold hardy  
(Figure 2).  
 
Detecting cold or heat injury.  Because they are 
exposed, the roots of container seedlings are easily 
injured by extreme temperatures.  This is especially true 
when container seedlings are over-wintered outdoors 
under snow, as is done in eastern Canada and 
Scandinavia (Lindstrom and Mattson 1989). If snow 
fails to accumulate, or there is a sudden warm period, 
container crops are exposed and their roots can be 
severely damaged. The REL test is ideally suited for 
making rapid assessment of potentially damaged nursery 
stock (for example, Coursolle and others 2000). 
 
Determining lifting windows.  REL has been used as a 
direct indicator of the best time for harvesting  Sitka 
spruce (Picea sitchensis) and Douglas-fir in the United 
Kingdom (McKay and Mason 1991). 
 
Monitoring quality of stored seedlings.  REL can also 
be used to monitor seedling quality during overwinter 
storage (McKay 1992, 1998, McKay and Morgan 2001).  
In one test (McKay 1998), spruce and larch seedlings 
were lifted throughout winter, beginning October 1, and 

Figure 2. Changes in root electrolyte leakage 
(RELdiff) of outdoor grown Norway spruce seedlings 
measured biweekly from September 22 through 
December 15. RELdiff is the increased electrolyte 
leakage from roots following exposure to -5 °C or  
-10°C compared with leakage from unfrozen 
seedlings (Modified from Stattin and others 2000). 

Figure 3 - Mean survival after two growing seasons 
and root electrolyte leakage (REL) measured after 
cold storage of Sitka spruce (dark symbols) and 
Japanese larch (open symbols) planted in April 1990 
after storage at +1 °C on different dates in 1989-
1990 (modified from McKay 1998). 
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then placed in storage at +1 °C (33 °F). All seedlings 
were removed from storage in April, tested for REL, and 
then outplanted. With both species, REL decreased and 
survival increased as lifting was delayed (Figure 3).  
In another experiment, Douglas-fir seedlings were lifted 
in October, November, December, and January in 
Ireland (Harper and O’Reilly 2000). They were  “warm 
stored” at 15 °C (59 °F) for 7 and 21 days, and then 
tested for REL.  REL readings taken at the time of lifting 
decreased with later harvest dates indicating that the 
seedlings were becoming more hardy.  For each lift date, 
however, the readings increased sharply with storage 
duration suggesting that warm storage contributed to 
fine root degradation (Figure 4).  

Desiccation and rough handling effects.  REL has also 
been used to evaluate the effect of root desiccation in 
several studies. Bareroot Sitka spruce and Douglas-fir 
seedlings were held in controlled environment chambers 
with their roots exposed to drying conditions for up to 
three hours (McKay and White 1997). They were then 
measured for REL and outplanted on several sites in 
Britain. The REL readings increased with the intensity 
of the desiccation treatment indicating root injury. This 
was confirmed when the desiccation treatments had poor 
outplanting performance on sites with low spring 
rainfall.  
 
Rough handling in combination with root desiccation 
was assessed in Douglas-fir, Sitka spruce, Japanese larch 
and Scots pine (Pinus sylvestris)  using REL (McKay 
and Milner 2000). Rough handling consisted of 
dropping bags of seedlings from a height of 3 meters 
(9.8 ft).  Desiccation was achieved by exposing roots to 

warm dry air for five hours. Although effects varied with 
lift date and species, REL was significantly higher in 
stressed seedlings than in un-stressed seedlings across 
species and treatments.  
 
REL as a Predictor of Outplanting Performance 
 
The ultimate objective of any seedling quality test is to 
predict how well nursery stock will survive and grow 
after outplanting, and many studies have used REL for 
this purpose. Unfortunately, results have been mixed. 
With Sitka spruce and Japanese larch seedlings, for 
example, REL was closely related to both survival and 
height growth (Figure 5). In Sitka spruce and Douglas-
fir seedlings, REL was correlated with survival on some 
sites but not others (McKay and White 1997).  REL 
predicted establishment of Japanese larch (Larix 
leptolepis) seedlings to some extent, but Root Growth 
Potential (RGP) was a better predictor (McKay and 
Morgan 2001). Similar results were found with black 

pine 

(Pinus nigra) (Chiatante and others 2002), while Harper 
and O’Reilly (2000) reported that REL was a poor 
predictor of survival potential in warm-stored Douglas-
fir seedlings. 
 
 
 

Figure 4 - Effects of zero, one and three weeks warm 
storage duration on root electrolyte leakage in Doug-
las-fir seedlings. Within the same lift date, bars with 
different letters are statistically significant. (Modified 
from Harper and O’Reilly 2000). 

Figure 5—Root electrolyte leakage has been 
closely correlated with outplanting performance 
(modified from McKay and Wason 1991). 
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Limitations of REL 
 
So, why does REL predict survival in some cases but not 
others? As with many things “the devil is in the details.” 
  
Genetics. REL has been shown to vary with species and 
even seed sources within species. For example, jack pine 
and black spruce, following exposure to a range of 
damaging root temperatures, had REL values in the 
range of 27% to 31%, while white spruce exposed to the 
same temperatures had REL between 36% and 38% 
(Coursolle and others 2000).  Sitka spruce seedlings 
from Alaska, the Queen Charlotte Islands (QCI) and 
Oregon provenances, were evaluated for their ability to 
withstand root drying and rough handling (McKay and 
Milner 2000). Oregon and QCI seedlings exposed to 
root drying had lower REL values than Alaska 
seedlings, while Alaska and QCI seedlings, when 
exposed to rough handling had lower values than 
Oregon seedlings. Douglas-fir had higher REL values 
than  Sitka spruce, Scots pine, and Japanese larch, 
regardless of the type of stress encountered. Two coastal 
seedlots of Douglas-fir (British Columbia) gave different 
relationships between REL and survival (Folk and others 
1999).  
 
Dormancy status. McKay and Milner (2000) found that 
the resistance to stresses mentioned above varied 
seasonally and was correlated with the intensity of bud 
dormancy, as measured with a Dormancy Release Index 
(for definition, see Ritchie and Landis 2004). A similar 
result was reported by Folk and others (1999) for 
Douglas-fir seedlots. They argued that REL must first be 
calibrated to bud dormancy status before it can be 
effectively used to assess root damage in Douglas-fir.  
 
Seedling age. REL gave good correlations with survival 
in two-year-old black pine seedlings, but the correlations 
were weak for one-year-old seedlings (Chiatante and 
others 2002). The authors speculate that the efficiency of 
REL as a seedling assessment tool could be closely 
related to the developmental state of the root system. 
 
Summary and Conclusions 
 
Electrolyte leakage from fine roots is a robust and easily 
measured parameter that has a rapid turn-around time 
and can be used to evaluate the viability of seedling root 
systems. 
 
REL measures the ability of membranes within the root 
system to contain ions. Damaged membranes tend to 
leak ions so, if ion leakage is quantified, it can provide 
an indicator of root viability. 
  

REL has been used successfully to evaluate the effects 
of cold damage, rough handling, desiccation, cold and 
warm storage, and other stresses on root viability and 
seedling vigor. 
 
REL is sometimes closely correlated with seedling 
survival, but in other cases these correlations are weak. 
This is because factors other than root damage can affect 
REL. Some of these factors are species, seedlot, seedling 
age, season, and bud dormancy intensity. When REL is 
calibrated for these effects it can offer a simple, easy test 
of seedling root system viability. 
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Protective Root Dips - Are They Effective? 
By Thomas D. Landis 
 
The concept of dipping plant roots has been around for 
many years because it is intuitively attractive.  Roots of 
nursery plants dry as they are exposed to the atmosphere 
during harvesting and handling and so it would make 
sense to rehydrate them or apply a coating to protect 
them (Chavasse 1981).  Southern nurseries have been 
dipping the roots of their bareroot stock in a clay slurry 
for decades (May 1985).  In the western states, the use 
of root dips is less common but some forestry 
organizations sell protective root dips as part of their 
tree distribution programs (for example, Kansas State 
Forest Service 2005).  Root dipping bareroot stock in a 
peat moss slurry is recommended in some reforestation 
handbooks (Mitchell and others 1990). 
 
Water - Many bareroot nurseries wet their stock 
immediately after lifting and therefore the first root dips 
were undoubtedly water.  In the late 1960's and early 
1970's, a series of experiments with various durations of 
root exposure after harvesting and water dipping of roots 
was conducted on conifer seedlings at Midhurst Nursery 
in Ontario, Canada.  The results varied considerably by 
species (Mullin in Table 1).  For white spruce (Picea 
glauca), dipping roots in water improved survival and 
had a positive effect on shoot growth after five years.  
With red pine (Pinus resinosa) and white pine (P. 
strobus), however, the dipping treatment showed no 
benefit except when the seedlings were exposed for 
considerable periods (Mullin 1978).     
 

Commercial root dips - In the intervening years, many 
different commercial root dips have become available 
and most are superabsorbent hydrogels.  These 
crosslinked polymers can absorb and retain many times 
their own weight in water, and root dips for bareroot 
stock is just one of the agricultural applications.  Erazo 
(1987) did a good review of the products available at 
that time and I haven’t seen anything newer.  I did a 
check of the FNN database and found quite a few 
articles that tested various root dip products (Table 1).   
 
While reviewing the published literature for this issue, 
one recent experiment caught my eye that tested 3 

Table 1-Comparison of recent research trials on protective root dips prior to outplanting of bareroot 
seedlings 

Source Root Dips Tested Control Results 

Bates and others (2004) BioPlex®, Roots® , Liquagel® Water Negative 

Alm and Stanton (1993) Terra-Sorb®, Terra-Verde® Untreated Variable 

Hicks (1992) Supersorb-F® Untreated Variable 

Echols and others (1990) Terra-Sorb® Untreated Variable 

Sparkman (1998) Ag-Sorbent® Untreated Positive 

Tung and others (1986) Terra-Sorb® Untreated Negative 

Magnussen (1986) Waterlock® Untreated Variable 

Dunsworth (1985) Symbex® Water Negative 

Mullin (1978) Water Untreated Variable 

Figure 1 - Compared to a water dip, none of three 
commercial root dips improved survival or growth of 
four conifer seedlings two years after outplanting 
(Bates and others 2004). 



12 

products (see #150 in the New Nursery Literature 
section: Bates and others 2004).  The thing that I liked 
about this trial is that they tested the products against a 
water control.  In most previous experiments, 
commercial root dips were compared to no treatment at 
all.  All of these products are applied in a water slurry 
and so it just makes sense to me to use a water dip as a 
control.  The authors applied the commercial root dips 
and the water dip controls to four conifer species in a 
Christmas tree plantation: Fraser fir (Abies fraseri), 
Colorado spruce (Picea pungens), Douglas-fir 
(Pseudotsuga menziesii) and white fir (Abies concolor).  
When evaluated for survival, none of the products 
showed a significant improvement over the water dip 
control (Figure 1).  The commercial root dips gave no 
appreciable benefit for growth after 2 years, when 
compared on a 10-point scale: 1 = poorest and 10 = best.  
 
The recently published literature showed a similar trend 
(Table 1).  The one article reporting positive results was 
anecdotal and presented no real data (Sparkman 1988).  
The majority of the articles reported variable results, 
with the dips helping some species but showing no 
effect with others.  Several suggested that the dips would 
be most beneficial when harvesting during dry, windy 
weather or when roots were exposed for extended 
periods.  Interestingly enough, there apparently have 
been no studies with root dips on container stock. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

That being said, dipping seedling roots after harvesting 
or before outplanting is still being practiced and many 
foresters and other seedling users believe that this 
practice has merit.  Al Dahlgreen was the reforestation 
specialist for the USDA Forest Service in the 
Intermountain Region for many years as was the person 
responsible for making significant improvements in their 
tree planting program.  Al taught reforestation 
workshops every year and convinced many foresters that 
acclimatization was important for seedling survival and 
growth on their harsh outplanting sites.  Root dipping in 
a slurry of vermiculite or commercial root dips such as 
Terra-Sorb® was a critical part of his acclimatization 
process (Figure 2).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In the early 1980s, Bill Lopushinky of the USDA Forest 
Service Pacific Northwest Research Station attempted to 
verify root dipping and other aspects of acclimatization 
in a series of controlled experiments on outplanting sites 
in Washington and Oregon.  The root dip treatments 
consisted of a control and dipping in a peat moss and 
water slurry for a few seconds on the outplanting site.  
Subsequent measurements of outplanting performance 
showed a slightly significant increase in survival for the 
root dipped versus the control seedlings but no apparent 
differences in height growth.  In a related test of plant 
moisture stress on untreated and root dipped seedlings in 
planting bags on a warm, sunny day showed a very 
favorable effect of the root dipping (Figure 3).   
 
 

Figure 2 - Al Dahlgreen, reforestation specialist for 
the USDA-FS, taught that dipping seedling roots in a 
slurry of wet vermiculite, or products such as Terra-
Sorb®, was a critical part of seedling care and 
handling before outplanting. 

Figure 3 - Bareroot seedlings with their root dipped 
in a slurry of water and peat moss were more 
resistant to desiccation when exposed in the planting 
bag (modified from Lopushinsky 1986) 
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So, in summary, root dipping seedlings in water or in 
water slurries of peat moss, vermiculite or any of the 
commercial root dip products is not detrimental and, in 
several cases, has been shown to benefit seedling 
survival and growth.  I’m sure that many field trials of 
root dipping have been done over the years but that the 
results were not collected so as to allow statistical 
analysis.  I’m a great fan of such anecdotal observations, 
however, so I’d appreciate hearing about any of your 
thoughts or experiences.  
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Subirrigation Trials with Native Plants  
by Thomas D. Landis, Kas Dumroese, and Rhiannon 
Chandler 
 
An article in the Summer, 2004 issue of FNN introduced 
the idea of using subirrigation to improve the growing of 
broadleaved native plants.  The problem is that, under 
traditional sprinkler irrigation, large leaves create an 
“umbrella effect” that inhibits equal distribution of water 
from container to container or cavity to cavity in block 
containers.  We suspect that this variation in moisture 
content would be reflected in uneven growth and 
perhaps even seedling mortality in excessively dry 
containers or cells.   
 
Layout - Last summer, we conducted a subirrigation 
trial growing 2 native plants [blue spruce (Picea 
pungens) and pale purple coneflower (Echinacea 
pallida)] in a greenhouse at the USDA Forest Service 
Rocky Mountain Research Station in Moscow, Idaho.  
We designed an experiment using 3 different 
Styroblock™ containers receiving either standard 
overhead boom irrigation or subirrigation.  Each 
Styroblock™ has the same outer dimensions but  
contains a different number of cavities.  The Styro 4 has 
160 cavities with a volume of 5.5 in3 (90 cm3); the Styro 
6 has 112 cavities with a volume of 6.6 in3 (108 cm3); 
the Styro 20 has 45 cavities with a volume of 20.5 in3 
(336 cm3).  We randomly installed 3 separate, plastic 
Ebb-Flo subirrigation trays (Midwest GroMaster Inc, St 
Charles, Illinois) on top of greenhouse benches.  Each 
tray was plumbed to a submersible pump in separate 
reservoir tanks under the bench.  The trays were filled 
with water when a timer triggered the pump (Figure 1A) 
and, when the pump stopped, the water slowly drained 
back into the tanks (Figure 1B).  
 

In late May 2005, containers were filled with a 1:1 (v:v) 
Sphagnum peat:vermiculite growing medium that 
contained 2.8 lb/ft3 (3.2 kg/m3) of Apex® 14-14-14 
controlled-release fertilizer with a 3 to 4 month release 
rate. The 2 species x 3 container x 2 irrigation treatments 
were in a completely randomized design and replicated 
three times. Once filled with medium, each container 
was sown with seeds and all containers were irrigated 
with overhead irrigation to field capacity and weighed. 
As required, containers were misted with the overhead 
irrigation system to promote germination. After 
germination, seedlings were thinned to one plant per 
cavity and any empty cavities were noted. 
 
Containers in all treatments were irrigated when they 
had dried to 85% of their wet weight. For the overhead 
irrigation treatments, each species by container 
combination was monitored separately and irrigated as 
needed. For the subirrigation treatments, whenever any 
container type required irrigation, all of the species x 
container combinations in that tray were irrigated.  All 
of the treatments were also monitored for leachate 
volume and electrical conductivity (EC).  Following 
each subirrigation, a subsample from the reservoir tank 
was removed and tested for EC and soluble nitrogen.  
 
After the plants had grown for 3 months, final survival 
was measured and 5 seedlings from each species by 
container by irrigation combination were harvested. 
Spruce seedling height was measured from the 
groundline to the tip of the terminal; root collar diameter 
was measured at groundline. For coneflowers, height 
was defined as the longest petiole length on the plant. 
For both species, roots were gently washed to remove 
medium, and shoots and roots were separated and dried 
to constant weight at 140 oF (60 °C) and ovendry weight 
measured.   

Figure 1 - Two Stryoblock™ containers of 3 different volumes and growing densities fit into each subirrigation 
tray (A).  They filled with water when an irrigation timer started a submersible pump in a water tank below the 
greenhouse bench.  When the irrigation timer stopped, the water slowly drained back into the tank (B).   

A B 
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Preliminary Results - When Tom saw the plants at the 
end of the growing season, the first thing that impressed 
him was the fact that the plants in the subirrigation trays 
were as large as the sprinkler treatment (Figure 2A).  
This confirmed our first hypothesis - that native plants 
would grow as well under subirrigation as with 
traditional sprinkler irrigation.  His second observation 
was the very uniform height and stem diameter of the 
spruce seedlings in the subirrigation treatment (Figure 
2B).  This was probably due to the fact that subirrigation 
supplies an equal amount of water to each cell in the 
Styroblock™.  Perhaps the most striking observation 
was the irregular stocking in the coneflower plants in the 
sprinkler treatment.  In each of the container types, more 
coneflower seedlings had died under sprinkler irrigation 
than under subirrigation (Figure 2C).  Although we can’t 
prove the cause of death, it appears that some plants had 
become severely moisture-stressed due to irregular water 
distribution between cells.  
 
We are currently analyzing all the data and will have a 
final report by next summer. Other subirrigation trials 
are currently underway with oaks and other broadleaved 
tree seedlings at Purdue University and with 
broadleaved tropical plants at native plant nurseries in 
Hawaii.  There are still many questions to be answered 
but it’s obvious that subirrigation can be used to grow 
native plants as well as overhead sprinklers and probably 
with a lot less water.  Because seedling foliage is kept 
dry, there should be fewer problems with many diseases.  
Another attractive benefit of subirrigation is that runoff 
is completely contained which has obvious benefits for 
eliminating potential fertilizer pollution.   
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2C 

Figure 2—Spruce seedlings were slightly larger with 
subirrigation compared to sprinkler irrigation in all 
three container types  (A, B).  The most impressive 
result was that many more coneflower seedlings died 
under sprinkler irrigation, which supports our 
hypothesis that their large leaves interfered with 
water distribution between cells. 
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Copies of the following journal articles or publications are free and can be ordered using the Literature Order Form 
on the last page of this section.   Just write in the appropriate number or letter on the form and return it to us.  Note 
that there are three restrictions: 
 
1. Limit in the Number of Free Articles:  In an effort to reduce mailing costs, we are limiting the number of free 
articles that can be ordered through the FNN literature service.  All subscribers will be restricted to 25 free articles 
per issue.   
 
2. 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, then you can order a copy from a 
library service. 
 
3. 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. 

Notable Publications.  The following two publications deserve special mention.  For the Special Order 
publications, you can find ordering information at the end of their listings. 

Growing Hawai'i's native plants: a simple step-by-step approach for every species. 
Lilleeng-Rosenberger, K.E. Mutual Publishing. 416 p.  
 
First of all, this large-format softbound book is just beautiful.  It’s filled with high-
quality color photographs of a wide variety of native Hawaiian plants.  In Part One, basic 
propagation techniques are discussed starting with how to collect, process, and store 
seeds.  The information on seed and vegetative propagation is comprehensive and well-
illustrated.  Discussions of pest control and outplanting fill-out this section.  Part Two 
present profiles of native Hawaiian plants and how they can be propagated, and is organ-
ized by family and genera.  This book is a must for anyone interested in the propagation 
of tropical native plants, and information on how to order it can be found at the end of 
the Diverse Species section.   
 
A new technology for production of broad-leaved forest seedlings to promote sus-
tainable management of European forestry. Ciccarese, L.; Mattsson, A.; Andersen, L. 
APAT (Italian Agency for Environmental Protection and Technical Service), Rapporti 
53. 115 p.  
 
This softbound publication reports on one of the first comprehensive research trials on 
miniplug transplants using stabilized growing media.  The research is part of a joint pro-
gram by Italy, Denmark, and Sweden to propagate broadleaved trees using stabilized 
media miniplugs produced by International Horticultural Supply, and miniature Jiffy 
plugs of compressed peat moss surrounded by plastic webbing.  Results are presented in 
color photographs, line and bar graphs; of particular note, one pie chart gives a detailed 
breakdown of production costs.   I’m working on an article on stabilized media trans-
plants for the Native Plants Journal and will also feature this technology in the Summer 
2006 issue of FNN. Ordering information can be found at the end of the Container Pro-
duction section. 
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193. Get a handle on liverwort. Altland, J. Nursery Management and 
Production 21(1):44-51. 2005. 
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there really wasn’t a single source of information on these plant pests.  James 
does an excellent job of discussing all aspects of how to manage liverworts, 
including the very latest chemical controls.  Just circle #193 on the Literature 
Order Form, mail it, and we’ll get you the full article. 
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production of Strophyostyles helvula and S. 
leiosperma. Muir, J. P., Reed, R. L., and Malinowski, D. 
P. Native Plants Journal 6(2):123-130. 2005. 
 
53. Increasing native forb seed supplies for the Great 
Basin. Shaw, N. L., Lambert, S. M., DeBolt, A. M., and 
Pellant, M. IN: National proceedings, Forest and 
Conservation Nursery Associations, 2004.  USDA 
Forest Service, Rocky Mountain Research Station, 
Proceedings RMRS-P-35, p.94-102. 2005. 
 
54. Influence of seed size, testa color, scarification 
method, and immersion in cool or hot water on 
germination of Baptisia australis (L.) R. Br. seeds. 
Boyle, T. H. and Hladun, K. HortScience 40(6):1846-
1849. 2005. 
 
55. Intermountain Native Plant Growers Association: 
a nonprofit trade organization promoting landscape 
use of native plants. Meyer, S. E. Native Plants Journal 
6(2):104-107. 2005. 
 
56. Mist interval and K-IBA concentration influence 
rooting of orange and mountain azalea. Knight, P. R., 
Coker, C. H., Anderson, J. M., Murchison, D. S., and 
Watson, C. E. Native Plants Journal 6(2):111-117. 2005. 
 
57. Mulch type, mulch depth, and rhizome planting 
depth for field-grown American mayapple. Cushman, 
K. E., Maqbool, M., and Gerard, P. D. Hortscience 40
(3):635-639. 2005. 
 
58. Native seeds in commerce: more frequently asked 
questions. Jones, T. A. and Young, S. A. Native Plants 
Journal 6(3):286-293. 2005. 
 
 
 

59. Native wildflower and grass propagation 
information. Diboll, N. International Plant Propagators' 
Society, combined proceedings 2004, 54:391-401. 2005. 
 
60. Out of the woods. van Berkum, L. American 
Nurseryman 202(4):18-20, 22, 24, 26, 28. 2005. Long 
overlooked, native woodland plants have been gaining 
popularity and are finding a home in the American 
landscape. 
 
61. © Planning for restoration: a decision analysis 
approach to prioritization. Cipollini, K. A., 
Maruyama, A. L., and Zimmerman, C. L. Restoration 
Ecology 13(3):460-470. 2005. 
 
62. Propagating Helleborus. Bush, A. American 
Nurseryman 201(12):33-35. 2005. 
 
63. Propagation of Clematis fremontii and related 
species from seed. Barnes, H. W. International Plant 
Propagators' Society, combined proceedings 2004, 
54:508-509. 2005. 
 
64. Propagation of ferns from spores. Wihongi, D. 
International Plant Propagators' Society, combined 
proceedings 2004, 54:122-124. 2005. 
 
65. Propagation of giant cane (Arundinaria gigantea) 
using rhizome cuttings. Zaczek, J. J., Williard, K. W. 
J., Baer, S. G., Groninger, J. W., and Sexton, R. L. 
International Plant Propagators' Society, combined 
proceedings 2004, 54:408-411. 2005. 
 
66. Propagation protocol for California redbud 
(Cercis orbiculata Greene). Keeley, M. Native Plants 
Journal 6(2):131. 2005. 
 
67. Propagation protocol for Jack-in-the-pulpit 
(Arisaema triphyllus). Schultz, J. Native Plants Journal 
6(2):109-110. 2005. 
 
68. Propagation protocol for meadow beauty Rhexia 
virginica L. (Melastomataceae). Chiari, A. Native 
Plants Journal 6(2):119-120. 2005. 
 
69. Propagation protocol for oneseed and Utah 
junipers (Juniperus monosperma and Juniperus 
osteosperma). Mandel, R. and Alberts, D. Native Plants 
Journal 6(3):263-266. 2005. 
 
70. Propagation protocol for Virginia saltmarsh 
mallow, Kosteletzkya virginica. Ingersoll, D. C. and 
Day, S. L. Native Plants Journal 6(3):245-246. 2005. 
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71. Propagule type and planting time affect 
subsequent mayapple growth. Cushman, K. E. and 
Maqbool, M. Hortscience 40(3):640-644. 2005. 
 
72. Purchasing native seeds -- advice from a 
nurseryman. Allison, B. Native Plants Journal 6
(3):295-296. 2005. 
 
73. © Residual effects of glyphosate herbicide in 
ecological restoration. Cornish, P. S. and Burgin, S. 
Restoration Ecology 13(4):695-702. 2005. 
 
74. Roadside revegetation of forest highways: new 
applications for native plants. Landis, T. D., 
Wilkinson, K. M., Steinfeld, D. E., Riley, S. A., and 
Fekaris, G. N. Native Plants Journal 6(3):297-305. 2005. 
 
75. The role of propagation in conserving 
endangered endemic plants of the Virgin Islands. 
Hamilton, M. International Plant Propagators' Society, 
combined proceedings 2004, 54:235-239. 2005. 
 
76. Seed germination and viability of Wyoming 
sagebrush in northern Nevada. Busso, C. A., Mazzola, 
M., and Perryman, B. L. Interciencia 30(10):631-637. 
2005. 
 
77. Seed germination of Rhamnus caroliniana: 
implications for ecology and horticulture. Stewart, J. 
R. and Graves, W. R. Hortscience 40(3):767-770. 2005. 
 
78. Seed production and establishment of western 
Oregon native grasses. Darris, D. C. IN: National 
proceedings, Forest and Conservation Nursery 
Associations, 2004.  USDA Forest Service, Rocky 
Mountain Research Station, Proceedings RMRS-P-35, 
p.119-128. 2005. 
 
79. Seeds obtained by vacuuming the soil surface 
after fire compared with soil seedbank in a flatwoods 
plant community. Kalmbacher, R., Cellinese, N., and 
Martin, F. Native Plants Journal 6(3):233-241. 2005. 
 
80. Showy four o'clock, Mirabilis multiflora. Decker, 
C. Native Plants Journal 6(3):279-281. 2005. 
 
81. Starch utilization during in vitro rooting of easy- 
and difficult-to-acclimatize sea oats (Uniola 
paniculata) genotypes. Valero-Aracama, C., Kane, M. 
E., Philman, N. L., and Wilson, S. B. International Plant 
Propagators' Society, combined proceedings 2004, 
54:582-587. 2005. 
 
 
 

82. © Temperature effects on dormancy levels and 
germination in temperate forest sedges (Carex). 
Brandel, M. and Schutz, W. Plant Ecology 176(2):245-
261. 2005. 
 
SO. Growing Hawai'i's native plants: a simple step-
by-step approach for every species. Lilleeng-
Rosenberger, K.E. Mutual Publishing. 416 p. ORDER 
FROM: Mutual Publishing LLC, 1215 Center Street, 
Suite 210, Honolulu, Hawaii 96816. Phone 808-732-
1709. E-mail mutual@mutualpublishing.com. Web: 
www.mutualpublishing.com 

 
 

83. © Ammonium assimilation in Pinus radiata 
seedlings: effects of storage treatments, transplanting 
stress and water regimes after planting under 
simulated field conditions. Mena-Petite, A., Lacuesta, 
M., and Munoz-Rueda, A. Environmental and 
Experimental Botany 55(1-2):1-14. 2005. 
 
84. Compost teas and crop quality in nursery stock. 
Litterick, A., Watson, C., Wallace, P., and Wood, M. 
International Plant Propagators' Society, combined 
proceedings 2004, 54:174-177. 2005. Compost teas and 
extracts are defined and their effects on the health of 
crops examined. 
 
85. © Effects of phenolics on seedling growth and 15N 
nitrate absorption of Cunninghamia lanceolata. Chen, 
L., Wang, S., and Yu, X. Allelopathy Journal 15(1):57-
66. 2005. 
 
86. Facilitating nutrient acquisition of black walnut 
and other hardwoods at plantation establishment. 
Jacobs, D. F. and Seifert, J. R. IN: USDA Forest 
Service, North Central Research Station, General 
Technical Report NC-243, p. 66-70. Black walnut in a 
new century, proceedings of the 6th Walnut Council 
research symposium, 2004. 2004. 
 
87. © Fertilizer-induced changes in rhizosphere 
electrical conductivity: relation to forest tree seedling 
root system growth and function. Jacobs, D. F. and 
Timmer, V. R. New Forests 30(2-3):147-166. 2005. 
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88. Fertilizing for the future. Eberly, D. and Collard, J. 
Greenhouse Grower 23(8):32, 34-36. 2005. Maximize 
your fertilizer budget with Staged Nutrient Release 
technology. 
 
89. Focus on fertilizers during propagation. Ferry, S. 
Greenhouse Management and Production 25(12):51-54. 
2005. When to fertilize and how much fertilizer should 
be applied during propagation are keys to crop success. 
 
90. © Growth and nutrient dynamics of western 
hemlock with conventional or exponential 
greenhouse fertilization and planting in different 
fertility conditions. Hawkins, B. J., Burgess, D., and 
Mitchell, A. K. Canadian Journal of Forest Research 35
(4):1002-1016. 2005. 
 
91. © Growth and nutritional responses of hardwood 
seedlings to controlled-release fertilization at 
outplanting. Jacobs, D. F., Salifu, K. F., and Seifert, J. 
R. Forest Ecology and Management 214(1-3):28-39. 
2005. 
 
92. © Growth and phosphorus productivity of non-
mycorrhizal Pinus pinaster seedlings: comparison of 
three populations and seven full-sib families within a 
population. Nguyen-Queyrens, A., Tarnawski, S., and 
Ceschia, E. Scandinavian Journal of Forest Research 20
(3):196-205. 2005. 
 
93. © Growth response of Douglas-fir seedlings to 
nitrogen fertilization: importance of Rubisco 
activation state and respiration rates. Manter, D. K., 
Kavanagh, K. L., and Rose, C. L. Tree Physiology 25
(8):1015-1021. 2005. 
 
94. Hardwood seedling  nutrition. Davey, C. B. IN: 
National proceedings, Forest and Conservation Nursery 
Associations, 2004.  USDA Forest Service, Rocky 
Mountain Research Station, Proceedings RMRS-P-35, 
p.17-20. 2005. 
 
95. © Impact of nitrogen and phosphorus 
fertilization on drought responses in Eucalyptus 
grandis seedlings. Graciano, C., Guiamet, J. J., and 
Goya, J. F. Forest Ecology and Management 212(1-
3):40-49. 2005. 
 
96. Micronutrient disorders in Eucalypt plantation: 
causes, symptoms, identification, impact and 
management. Dell, B., Xu, D., Rogers, C., and Huang, 
L. IN: Proceedings of the international symposium, 
Eucalyptus plantations: research, management and 
development, p. 241-252.  Edited by R.-P. Wei and D. 
Xu. World Scientific. 2003. 

97. © Mobility, solubility and lability of fluid and 
granular forms of P fertiliser in calcareous and non-
calcareous soils under laboratory conditions. Lombi, 
E., McLaughlin, M. J., Johnston, C., Armstrong, R. D., 
and Holloway, R. E. Plant and Soil 269(1-2 Spec. 
Iss.):25-34. 2004. 
 
98. Plant nutrient testing and analysis in forest and 
conservation nurseries. Landis, T. D., Haase, D. L., 
and Dumroese, R. K. IN: National proceedings, Forest 
and Conservation Nursery Associations, 2004.  USDA 
Forest Service, Rocky Mountain Research Station, 
Proceedings RMRS-P-35, p.76-84. 2005. 
 
99. Responses of container-grown ninebark to crude 
and nutrient-enriched recirculating compost 
leachates. Gils, J., Chong, C., and Lumis, G. 
HortScience 40(5):1507-1512. 2005. 
 
100. Soils and nutrition management for black 
walnut. Ponder, F., Jr. IN: USDA Forest Service, North 
Central Research Station, General Technical Report NC-
243, p. 71-76. Black walnut in a new century, 
proceedings of the 6th Walnut Council research 
symposium, 2004. 2004. 
 
101. Using nutrition effectively during propagation. 
McPherson, D. International Plant Propagators' Society, 
combined proceedings 2004, 54:88-89. 2005. 
Incorporating controlled release fertilizer in the 
propagation media for woody cuttings. 
 
102. Variation in nutrient release of polymer-coated 
fertilizers. Jacobs, D. F. IN: National proceedings, 
Forest and Conservation Nursery Associations, 2004.  
USDA Forest Service, Rocky Mountain Research 
Station, Proceedings RMRS-P-35, p.113-118. 2005. 

 

103. © AFFOREST sDSS: a metamodel based spatial 
decision support system for afforestation of 
agricultural lands. Gilliams, S., Van Orshoven, J., 
Muys, B., Kros, H., Heil, G. W., and Van Deursen, W. 
New Forests 30(1):33-53. 2005. 
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104. Estimating project-specific restoration costs. 
Thomas, T., Lee, G., and Fenton-Hathaway, A. IN: 
Protecting our diverse heritage: the role of parks, 
protected areas, and cultural sites, p. 98-102.  George 
Wright Society, Inc. 2004. 
 
105. Exceptionally high plasma cortisols and IL-6 
levels in reforestation workers. Roberts, D. Medicine 
and Science in Sports and Exercise 36(5 Suppl):S220. 
2004. 
 
106. Forest landscape restoration in context. Dudley, 
N., Mansourian, S., and Vallauri, D. IN: Forest 
restoration landscapes: beyond planting trees, p. 3-7. 
Springer. 2005. 
107. The forest nurseries in northeast China. Hailong, 
S. International Plant Propagators' Society, combined 
proceedings 2004, 54:555-559. 2005. 
 
108. The German debate on native tree production 
and use. Carthaigh, D. M. International Plant 
Propagators' Society, combined proceedings 2004, 
54:232-235. 2005. 
 
109. Humpty Dumpty and restoration policy Lavigne, 
P. Natural Resources Journal 45(2):495-506. 2005. 
 
110. The importance of sustainable inputs in plant 
production. Riley, B. International Plant Propagators' 
Society, combined proceedings 2004, 54:178-180. 2005. 
In order maintain the image of horticulture as 
"environmentally friendly", growers need to be aware of 
such things as the high-energy input and waste potential 
of containers, the use of peat which depletes wild places, 
fertilizer runoff, water recycling and pesticide use. 
 
111. A knowledge exchange system: putting 
innovation to work.  DeYoe, D. and Hollstedt, C. BC 
Journal of Ecosystems and Management 4(1):1-10. 
2004. 
 
112. National Wild Turkey Federation programs. 
Keck, R. IN: National proceedings, Forest and 
Conservation Nursery Associations, 2004.  USDA 
Forest Service, Rocky Mountain Research Station, 
Proceedings RMRS-P-35, p.43-45. 2005. 
 
113. Photography tips for those involved in the 
nursery industry. Davis, T. International Plant 
Propagators' Society, combined proceedings 2004, 
54:594-596. 2005. 
 
 
 
 

114. Planting forests in deforested areas of central 
Russia. Piskareva, S. and Kartyushova, G. IN: Forest 
landscape restoration in central and northern Europe, p. 
111-115. EFI proceedings 53. 2005. 
 
115. Planting the seeds of learning. Haque, M. T. and 
Baker, M. American Nurseryman 202(5):18-21. 2005. 
The ethnobotany garden at the South Carolina Botanical 
Garden is used to educate children on how humans have 
relied on plants throughout history. 
 
© 116. The role of forestry projects in the clean 
development mechanism. Jung, M. Environmental 
Science and Policy 8(2):87-104. 2005. 
 
117. Sowing the seeds for Scotland's woodland 
future: the Scottish Forest Alliance -- a unique BP 
project. Harvey, G. IN: Forest landscape restoration in 
central and northern Europe, p. 131-138. EFI 
Proceedings 53. 2005. 
 
118. Taking research to the grower. Wright, N. 
Greenhouse Grower 23(11):40-41. 2005. In its second 
year, the Young Plant Research Center at the University 
of New Hampshire is making strides toward providing 
valuable findings to the industry. 
 
119. Tree planting in the United States. South, D. B. 
Tree Planters' Notes 51(2):2-3. 2005. Reviews the 
history of planting in the U.S. and discusses the 
difficulty of obtaining accurate information today. 
 
120. Twenty years of nursery history -- a Forest 
Service perspective. Burch, F. IN: National 
proceedings, Forest and Conservation Nursery 
Associations, 2004.  USDA Forest Service, Rocky 
Mountain Research Station, Proceedings RMRS-P-35, 
p.69-72. 2005. 
 
SO. National proceedings: Forest and Conservation 
Nursery Associations - 2004.   Dumroese, R. K., Riley, 
L. E., and Landis, T. D. USDA Forest Service, Rocky 
Mountain Research Station, RMRS-P-35. 142 p. 2005. 
ORDER FROM: Publications Distribution, Rocky 
Mountain Research Station, 240 Prospect Road, Fort 
Collins, CO 80526.  rschneider@fs.fed.us  Free.   A 
compilation of 30 papers presented at the regional 
meetings of the Southern, Northeastern and Western 
Forest and Conservation Nursery Associations.  All 
papers are entered individually in this issue of Forest 
Nursery Notes. 
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121. © Application of genetic markers to the 
discrimination of European black poplar (Populus 
nigra) from American black poplar (P. deltoides) and 
hybrid poplars (P. x canadensis ) in Switzerland. 
Holderegger, R., Angelone, S., Brodbeck, S., Csencsics, 
D., Gugerli, F., Hoebee, S. E., and Finkeldey, R. Trees: 
Structure and Function 19(6):742-747. 2005. 
 
122. © Early rooting of dormant hardwood cuttings 
of Populus: analysis of quantitative genetics and 
genotype x environment interactions. Zalesny, R. S., 
Jr. Riemenschneider, D. E., and Hall, R. B. Canadian 
Journal of Forest Research 35(4):918-929. 2005. 
 
123. © Genecology of Douglas-fir in western Oregon 
and Washington. St. Clair, J. B., Mandel, N. L., and 
Vance-Borland, K. W. Annals of Botany 96(7):1199-
1214. 2005. 
 
124. © Genetic variation in Turkish red pine (Pinus 
brutia Ten.) seed stands as determined by RAPD 
markers. Kandedmir, G. E., Kandemir, I., and Kaya, Z. 
Silvae Genetica 53(4):169-175. 2004. 
 
125. © Identification of seed sources and parents of 
Pinus sylvestris L. using visible-near infrared 
reflectance spectra and multivariate analysis. Tigabu, 
M., Oden, P. C., and Lindgren, D. Trees: Structure and 
Function 19(4):468-476. 2005. 

 
 
 

126. Arbuscular mycorrhizal inoculation following 
biocide treatment improves Calocedrus decurrens 
survival and growth in nursery and outplanting sites. 
Amaranthus, M. and Steinfeld, D. IN: National 
proceedings, Forest and Conservation Nursery 
Associations, 2004.  USDA Forest Service, Rocky 
Mountain Research Station, Proceedings RMRS-P-35, 
p.103-108. 2005. 
 

127. Assessing the infectivity of commercial 
mycorrhizal inoculants in plant nursery conditions. 
Corkidi, L., Allen, E. B., Merhaut, D., Allen, M. F., 
Downer, J., Bohn, J., and Evans, M. Journal of 
Environmental Horticulture 22(3):149-154. 2004. 
 
© 128. Ectomycorrhizal impacts on nutrient uptake 
pathways in woody roots. Taylor, J. H. and Peterson, 
C. A. New Forests 30(2-3):203-214. 2005. 
 
129. Effectiveness of commercial mycorrhizal 
inoculants on the growth of Liquidambar styraciflua 
in plant nursery conditions. Corkidi, L., Allen, E. B., 
Merhaut, D., Allen, M. F., Downer, J., Bohn, J., and 
Evans, M. Journal of Environmental Horticulture 23
(2):72-76. 2005. 
 
130. © Growth response of three native timber 
species to soils with different arbuscular mycorrhizal 
inoculum potentials in South Cameroon: Indigenous 
inoculum and effect of addition of grass inoculum. 
Onguene, N. A. and Kuyper, T. W. Forest Ecology and 
Management 210(1-3):283-290. 2005. 
 
131. Healthy relationships drive growth -- even in 
plants. Lara, J. Digger 49(8):136-139. 2005. 
Mycorrhizal inoculants can turn around a bad soil 
situation. 
 
132. Nature's planting tool. Amaranthus, M. and Hunt, 
J. Greenhouse Grower 23(8):24, 26, 28. 2005. 
Researchers discuss the benefits of and uses for 
mycorrhizae in grower operations. 

 

133. Active nursery projects at the Missoula 
Technology and Development Center. Vachowski, B. 
IN: National proceedings, Forest and Conservation 
Nursery Associations, 2004.  USDA Forest Service, 
Rocky Mountain Research Station, Proceedings RMRS-
P-35, p.51-55. 2005. Describes current projects such as: 
nursery soil moisture meter, remote data collection 
systems, low cost weather stations, soil compaction 
tester, shielder herbicide sprayer, seedling wrap, copper 
treatment for styroblocks, container sterilizer, seed 
scarifier, nursery soil sterilization, hardwood cuttings 
preparation equipment, seed orchard duff sweeper. 
 



26 

134. Avoid 3 a.m. maintenance. Siebring, G. 
Greenhouse Management and Production 25(11):36-38, 
40-41. 2005. Attention to heating equipment details 
makes a big difference in your bottom line. 
 
135. Check your water supply before you have a fire. 
Bartok, J. W., Jr. Greenhouse Management and 
Production 25(7):96-97. 2005. 
 
136. Common sense and snowstorms. Gilpin, M. 
Greenhouse Grower 23(7):14, 16, 18. 2005. There is no 
substitute for common sense in preventing greenhouse 
collapse due to heavy snow loads. 
 
137. Cultural plant propagation center: things to 
consider. Bartok, J. W. Jr. IN: National proceedings, 
Forest and Conservation Nursery Associations, 2004.  
USDA Forest Service, Rocky Mountain Research 
Station, Proceedings RMRS-P-35, p.129-130. 2005. 
Things to consider when planning a facility to use for 
training students of horticulture. 
 
138. Efficiencies from rolling bench propagation. Van 
Belle, B. International Plant Propagators' Society, 
combined proceedings 2004, 54:465-471. 2005. 
 
139. Greenhouse controls made simple. Dean, P. 
Greenhouse Management and Production 25(11):30-31, 
33-34. 2005. 7 tips to help you navigate the world of 
greenhouse controls. 
 
140. Heating alternatives. Wright, N. Greenhouse 
Grower 23(8):38, 40, 42. 2005. With oil prices going 
sky-high, alternative sources are helping growers save 
some cash. 
 
141. Practical aspects of wavelength selective spectral 
films on nursery stock production in Ireland. Heavey, 
C. and Maher, M. International Plant Propagators' 
Society, combined proceedings 2004, 54:188-191. 2005. 
 
142. Preventive maintenance keeps your greenhouses 
operating.  Bartok, J. W., Jr. Greenhouse Management 
and Production 25(8):78-79. 2005. 
 
143. Provide a good foundation. Bartok, J. W., Jr. 
Greenhouse Management and Production 25(9):86-87. 
2005. 
 
144. Retractable roof greenhouses and shadehouses. 
Bartok, J. W., Jr. IN: National proceedings, Forest and 
Conservation Nursery Associations, 2004.  USDA 
Forest Service, Rocky Mountain Research Station, 
Proceedings RMRS-P-35, p.73-75. 2005. 
 

145. Saving 'green' in the greenhouse. Sinopoli, J. 
American Nurseryman 201(12):18-20. 2005. Equipment 
ideas that may save future operational costs, such as 
irrigation systems, ands-free potting, conveyors, and 
heating and cooling systems. 
 
146. Smart energy management is good business. 
Part 1 of 2. Parbst, K. Greenhouse Management and 
Production 25(8):53-56, 58. 2005. 
 
147. Tunnel vision. Sivesind, C. Digger 49(8):102-106, 
108-109. 2005. Unique high-tunnel system lets nurseries 
extend growing season and protect crops by the acre -- 
inexpensively. 
 
148. Use of humidifan for propagation of softwood 
cuttings. Mercer, T. and Fiske, J. International Plant 
Propagators' Society, combined proceedings 2004, 
54:553-555. 2005. 
 
149. Using shielded sprayers to control weeds in 
nursery beds. Stallard, D. H. IN: National proceedings, 
Forest and Conservation Nursery Associations, 2004.  
USDA Forest Service, Rocky Mountain Research 
Station, Proceedings RMRS-P-35, p.24-25. 2005. 

 
 
 
 
 
 
 
 

 
150. Assessing Christmas tree planting procedures.  
Bates, R. M., Sellmer, J. C., and Despot, D. A. 
International Plant Propagators' Society, combined 
proceedings 2004, 54:529-531. 2005. 
 
151. © Effects of flooding regime and seedling 
treatment on early survival and growth of Nuttall 
oak. Burkett, V. R., Draugelis-Dale, R. O., Williams, H. 
M., and Schoenholtz, S. H. Restoration Ecology 13
(3):471-479. 2005. 
 
152. © Effects of mounding on damage by the 
European pine weevil in planted Norway spruce 
seedlings. Heiskanen, J. and Viiri, H. Northern Journal 
of Applied Forestry 22(3):154-161. 2005. 
 
153. © Effects of scarification and mulch on 
establishment and growth of six different clones of 
Picea abies. Johansson, K., Soderbergh, I., Nilsson, U., 
and Allen, H. L. Scandinavian Journal of Forest 
Research 20(5):421-430. 2005. 
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154. © Factors influencing stump sprouting by 
pondcypress (Taxodium distichum var. nutans (Ait.) 
Sweet). Randall, C. K., Duryea, M. L., Vince, S. W., 
and English, R. J. New Forests 29(3):245-260. 2005. 
 
155. Frozen-stored conifer container stock can be 
outplanted without thawing. Kooistra, C. M. and 
Bakker, J. D. Native Plants Journal 6(3):267-278. 2005. 
 
156. © Growth of graded sweetgum 3 years after root 
and shoot pruning. McNabb, K. and Vanderschaaf, C. 
New Forests 29(3):313-320. 2005. 
 
157. © Identification of salt tolerant baldcypress 
(Taxodium distichum (L.) Rich) for planting in 
coastal areas. Conner, W. H. and Inabinette, L. W. New 
Forests 29(3):305-312. 2005. 
 
158. © Importance of root growth in overcoming 
planting stress.  Grossnickle, S. C. New Forests 30(2-
3):273-294. 2005. 
 
159. © Interactive effects of substrate, hydroperiod, 
and nutrients on seedling growth of Salix nigra and 
Taxodium distichum. Day, R. H., Doyle, T. W., and 
Draugelis-Dale, R. O. Environmental and Experimental 
Botany 55(1-2):163-174. 2005. 
 
160. © Large-diameter seedlings: a method of 
reducing chemical use in some pine plantation. South, 
D. B. and Rakestraw, J. L. Journal of Sustainable 
Forestry 18(4):47-58. 2004. 
 
161. © Long-term effects of drainage, bedding, and 
fertilization on growth of loblolly pine (Pinus taeda 
L.) in the coastal plain of Virginia. Kyle, K. H., 
Andrews, L. J., Fox, T. R., Aust, W. M., Burger, J. A., 
and Hansen, G. H. Southern Journal of Applied Forestry 
29(4):205-214. 2005. 
 
162. © Net effect of competing vegetation on selected 
environmental conditions and performance of four 
spruce seedling stock sizes after eight years in 
Quebec (Canada). Jobidon, R., Roy, V., and Cyr, G. 
Annals of Forest Science 60:691-699. 2004. 
 
163. © Physiological and morphological responses of 
dormant and growing Norway spruce container 
seedlings to drought after planting. Helenius, P., 
Luoranen, J., and Rikala, R. Annals of Forest Science 62
(3):201-207. 2005. 
 
164. Production and early field performance of RPM 
seedlings in Missouri floodplains. Dey, D. C., 
Lovelace, W., Kabrick, J. M., and Gold, M. A. IN: 

USDA Forest Service, North Central Research Station, 
General Technical Report NC-243, p. 59-65. Black 
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RNGR Contacts 

Contact Information for Reforestation, Nurseries,  
and Genetic Resources (RNGR) Team 

                                                                                                                                               

Technology Transfer 
Services 

Region of 
Responsibility Who To Contact 

Technical Assistance about Forest 
and Conservation Nurseries 
 
 

Western US To Be Determined 

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

US and International Kas Dumroese 
USDA Forest Service 
1221 S. Main Street 
Moscow, ID 83843 
TEL: 208.883.2324 
FAX: 208.885.2318 
E-Mail: kdumroese@fs.fed.us 

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

Southeastern US 

Technical Assistance about Forest 
and Conservation Nurseries 
 

Northeastern US Ron Overton 
Regeneration Specialist 
USDA Forest Service, S&PF 
Purdue University 
1159 Forestry Building  
West Lafayette, IN  47907-1159 
TEL: 765.496.6417 
FAX: 765.496.2422 
E-Mail: roverton@fs.fed.us 
 

Technical Assistance about Tree 
Improvement and Genetic   
Resources 
 
Editor -  Tree Planters’ Notes 

US and International 

Technical Assistance about Tree and 
Shrub Seed 

US and International Bob Karrfalt 
Director 
National Tree Seed Laboratory 
5675 Riggins Mill Road 
Dry Branch, GA 31020 
TEL: 478.751.4134 
FAX: 478.751.4135 
E-Mail: rkarrfalt@fs.fed.us 

George Hernandez 
USDA Forest Service 
Cooperative Forestry 
1720 Peachtree Road NW, Suite 
811N 
Atlanta, GA 30367 
TEL: 404.347.3554 
FAX: 404.347.2776 
E-Mail: ghernandez@fs.fed.us 
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