


Field trials supported by laboratory research are being conducted to test the moisture retaining
performance of the "moisture membrane” in at least three representative climate zones of the
western United States. These climate zones encompassing regions influenced by the Pacific Ocean,
by the continental air mass and by clevation. Consequently, the test sites will be subjected to a
broad spectrum of temperature, levels of rainfall and soil conditions. A number of test sites will
benefit from controlled irrigation.

This research will expand our understanding of the membrane's operation, and conceivably will
identify under what conditions the membrane does not effectively "stretch out" available moisture
to the plant. While an emphasis has been placed on reclamation seeding applications, turf and
agricultural applications also are being pursued.

Nutrient Uptake Enhancement:

The second component in the Kiwi Green moisture membrane formulation is a humic acid
biostimulant derived from leonardite shale. Humic acid has demonstrated a direct positive effect
on nutrient uptake, root length and mass, turf quality and color. It is responsible for several
chemical activities in the soil including the increased uptake of micronutrients or the stimulation of
plant growth through its effect on metabolism and the improvement of basic soil properties such as
aggregation, aeration, permeability and water holding capacity.

Figure 3 is an idealized structure of humic acid. This material has a large number of
carboxylic functional groups that act as chelating agents for metals. Humic acid's chelating
activities can take excess metal cations out of solution and store them for later use by plants.
Because of this, it prevents buildup of micronutrients in the soil and at the same time releases them
in suitable amounts to the plants. Figure 4 demonstrates the ability of humic acid to improve
uptake of micronutrients in slash pine callus culture. Data from Figure 4 is also tabulated in Table
L.

Table 1. ~ -Radiation Counts of P, K, Ca and S in Callus Cells in the Third Subculture as
Determined by EDAX (Average of six cells).

Treatment Phosphorus Potassium Calcium Sulfur
---Counts/100s-- —Counts/100s--- ---Counts/100s--- ---Counts/100s---
Control 52 113 48 47
160 pg/ml 307 1280 768 384

The ability of humic acid to complex metals also can have a very positive secondary effect
upon phosphate availability by complexing calcium that tends to hold phosphate in a very insoluble -
form in the soil. Figure 5 illustrates how humic acid increases phosphate release from a Bauxite
soil as well as common chemical chelating agents.
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Cumulative Release of Phosphate from the Brown Bauxite
Soil by the Action of Various Organic Reagents

0.01 m 4,4'-Dipyridyl
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Hydroxyquinoline

FIGURE 5: Humic Acid Increases Phosphate Release
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Soil Stabilization:

The lattice-like, cubic structure of the Kiwi Green_moisture membrane was first observed to
have the capability to stabilize soil in the course of a reclamation seeding trial on drainage channel
slopes at Denver International Airport. This capability of the membrane to bind soil grains
together has since been enhanced by the optional addition of a montmorillonite clay third
component to the Kiwi Green_moisture membrane. Available under the tradename Kiwi Green
Plus Tack, this 3-component alternate formulation is currently being utilized to tackify seeds to the
soil surface and provide immediate erosion control protection on slopes until such time as the
moisture and nutrient-assisted plant growth is sufficiently established to provide long term soil
stabilization. This tackifier component is not subject to biodegradation or ultraviolet light
destruction.

SUMMARY

Quattro Environmental, Inc. in conjunction with American Colloid Company are utilizing the
properties of a semi-permeable membrane to inhibit evaporation of moisture from the soil in the
product Kiwi Green moisture membrane and then adding a tackifier to Kiwi Green_Plus Tack to
aid in soil stabilization. These products are designed for arid and semi-arid climates to:

a) minimize stress from lack of moisture on young seedlings and mature plants via a water-
retaining, evaporation-suppressing inorganic semipermeable membrane formed by unique
crystalline molecules; .

b) facilitate access to nutrients in the soil with the addition of humic acid which demonstrates a
direct positive effect on nutrient uptake, root length and mass, turf quality and color as well
as improvement of basic soil properties; tests have proven humic acid's chelating activities
are valuable in micronutrient uptake and storage;

c) stabilize the soil surface with the lattice-like cubic structure of the Kiwi Green_moisture
membrane by binding soil grains and by the addition of montmorillonite clay to counter wind
and water erosion. '

Most of the emphasis has been placed on Kiwi Green moisture membrane's reclamation
seeding applications, yet, turf and agricultural applications are also being pursued. Field trials
now in progress at various Western locations are testing the moisture retention performance of the
membrane and are displaying promising results.
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ABSTRACT

Techniques for monitoring soil chemistry are labor intensive and laboratory extraction
methods do not mimic the mechanisms of ion bioavailability. First, all updates require
cither a new soil sample or enough soil water to extract a sample from a well. Then, soil
testing chemical-extraction procedures provide only a rough "index" of elemental
bioavailability. Furthermore, the utility of these indices varies for each element and soil
thus presenting a risk of not detecting a deficient plant nutrient or pollutant overloads for
some soils. :

A new resin capsule methodology provides an ion extraction process that more closely
simulates elemental availability to plants. Repeated in situ sampling of the same point in a
soil allows capsules to respond to the same soil variables of temperature, moisture, nutriént -
solubility, and transport that regulate how much of each element plants can take up. A
quantitative analysis for most ions of interest is obtained from a single extraction

“procedure. This resin capsule also works on a saturated paste made from soil samples
taken to a laboratory for analysis. An added benefit is that field and laboratory monitoring
costs are lower with resin methods than for traditional soil testing methods.
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INTRODUCTION

Sometimes it is useful for a land manager to use soil tests to evaluate the adequacy of
essential nutrients for plant growth or to detect toxic concentrations of other elements.

Also as part of a long term soil monitoring program, these tests provide a way to follow the
movement and concentration of chemical elements. Monitoring soil chemistry has two
steps 1) sample collection and 2) laboratory analysis with less than ideal methods and
results for each. '

Traditionally, sample collection has relied on 1) hard, time consuming work to obtain soil
for a laboratory analysis, which destroys the site for the next follow-up, or 2) wells that
provide repeat samples but only work when there is adequate soil moisture. Also, wells are
expensive to install and it takes a lot of time to ensure that a representative sample is
collected

In the laboratory, the best chemical-extraction procedures can only provide an "index"” of
elemental bioavailability. This is because nutrient availability under natural conditions,
varies among soils due to interacting chemical, physical, and biological processes (Binkley
and Vitousek 1989, Trlica and Brown 1992). The result is that traditional soil testing
methods create an uncertainty about whether the elements are available in amounts that will
benefit--or at least not harm--biosphere organisms.

An ideal soil monitoring and laboratory analysis process would integrate the effects of
natural processes without destroying the very site that is being investigated. Using resin
capsules for repeated in situ sampling of the same point in the soil coupled with a relatively
inexpensive laboratory analytical process goes a long way toward meeting the criteria for an
ideal process.

THE SOIL ANALY SIS CONUNDRUM

Trying to find a satisfactory soil analysis technique has been discussed in laboratories and
publications for decades. Skogley (in press) observed that a debate about the accuracy and
standardization of soil testing for agronomic purposes was going on at the Soil Science
Society of America (SSSA) meetings in 1954 and continued to be addressed at the 1993

meetings.

A major problem is that analytical procedures do not adequately represent the availability

_ of elements to biosphere organisms. Recently, Kelly (1993) refreshed observations made
by Barber (1984) and Bartlett and James (1980) that laboratory conditions do not represent
conditions for plant nutrient uptake in a natural setting such as forests.
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Natural resource managers need a kinder, gentler soil testing method that will better
emulate natural environmental process. This is important because the basis for standards
of adequacy or toxicity of soil elements is their availability for uptake by, and subsequent
effects on, biosphere organisms.

The Ideal Soil Test .

Skogley (in press) lists the following criteria for an ideal soil test:
1. Extract all nutrients simultaneously (universal).
2. Work on all kinds of soils (standardizable).
3. Be accurate.
4. Be simple.
5. Be cost-effective.
6. Be rapid.
7. Be sensitive to mechanisms that control plant nutrient availability (ion diffusion).

Resin Extraction

Ion-exchange resins have been available since the 1940's and offer a way to meet most of
the ideal soil test requirements.

Mechanistic relationship to nutrient availability is inherent in encapsulated ion exchange
resins. Each capsule is spherical, with a rigid, porous surface that has a uniform surface
area. These properties provide a system where there is a known contact area between the
soil and adsorber and that remains constant during the extraction period. The capsule
contains enough resin to act as an infinite ion "sink" for long periods in most media.

Universal extraction occurs because the mixture of cation and anion resins is initially
saturated with H' and OH' ions. This ensures that the resins have a greater affinity for
other ions in the surrounding medium and will function as an extractant during the testing
period.

Standardization tests indicate that this technology will function in virtually all kinds of soils.
There is no need to change the laboratory extraction process when testing different kinds of
soils.

Accuracy is based on a sensitivity to mechanisms that control nutrient availability. Several

sample handling steps (for example, drying and grinding) that alter nutrient extractability
are climinated.
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Simplicity is inherent by the very few steps needed to obtain analytical results.

Cost-cffectiveness is achieved by eliminating many labor-, chemical-, spaée-, labware-, and
energy-intensive steps in the analytical process.

Rapidity may be compromised for some because an extraction period requires several days.
This one exception is due to being sensitive to the same mechanisms that control plant
nutrient availability which does compromise the ideal of being rapid.

RESIN CAPSULES

A UNIBEST resin capsule adsorbs soil chemical elements from a laboratory saturated
paste or in situ under field conditions. The amount of each ion accumulated by the resin
capsule during a specific time depends on; 1) the initial soil solution concentration of each
ion, 2) the diffusion rate of each ion through the soil, and 3) the capsule surface area in
contact with the soil. Thus, at the end of an accumulation period the amount of each ion in
a resin capsule is a measure of its "bioavailability” for the conditions during that period.

Capsule Processes

Each resin capsule has thousands of resin beads charged with H" and OH ions (deionized
water) within a porous fabric membrane. The 2-cm diameter capsules are precisely made
and have a constant surface area. In a soil the capsule adsorbs chemical elements through
an ion exchange process as illustrated in Figure 1. Ion exchange occurs very close to the
capsule surface in physical terms but on a chemical scale the distances are very large.

Soil / Solution

a Step 2

A A A"¢— A"<— Anion
i

Olf—> QS BH=—> OH=—> OH"

tep Step 4
Step 2
tep 3 .
td Ghre CHe—Cation
e
1 —
£p Step 4 H

Soil / Solution .

Rih thohsands of
tndividual resin beads A = Soil anion

containing + and — charges C+= Soil cation

Figure 1. Drawing of a resin capsule illustrating how it works in the soil.
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Step 1 takes place across the capsule membrane when a capsule first comes contacts the
soil. The resins adsorb both + and - ions from the soil solution in exchange for H" or OH
ions from the capsule. This step in the process is relatively rapid and occurs because the
resins have a greater affinity for all other ions than those originally present on the resin. In
chemical terms, the resins act as a "strong acid" and "strong base," thus giving up their H
or OH’ ions in favor of other ions in the soil solution.

Because exchange reactions occur independently for each soil solution ion, the resin will
simultaneously adsorb all types of available ions. The quantity of each ion adsorbed by the
resin during the first phase of accumulation depends on the soil solution concentration of
each ion when the capsule is placed in the soil.

This initial ion exchange reaction sets the stage for the following steps. The soil solution
concentration of each ion at the resin-soil interface decreases relative to concentrations in
the bulk soil solution creating a "diffusion gradient”.

Step 2 occurs because a diffusion gradient causes soil solution ions to move toward the
resin capsule from ever-increasing distances in the soil. When these ions reach the resin
surface they are also exchanged for H or OH ions. In this way, the resin capsule
continues to function as a "sink," similar to a plant root taking up nutrient ions.

Soil properties regulate the rate of ion diffusion through a soil. These properties are
different for each soil and each ion. This is the slowest part of the process, or the
"rate-limiting" step. Thus, soil properties that regulate ion diffusion influence the amount
of each ion accumulated by the resin during a given time.

For the capsule to provide accurate results, it must be in place long enough for the effects
of diffusion to be expressed. This will usually require one to four or more days, depending
on conditions for diffusion.

Step 3 occurs within the capsule. Accumulation of specific soil ions in the resin at the
capsule-soil interface creates a diffusion gradient within the resin capsule. These ions then
diffuse toward the center of the capsule where the specific ion concentration is low,
essentially zero, initially. The rate of ion diffusion through the resin capsule is much faster
than ion diffusion through the soil, so this step in the process is not rate-limiting.

Step 4 is a continuous process because clectrical neutrality must be maintained in all parts
of the system, as required by Mother Nature. The resin counterions, H' and OH , diffuse
outward as other ions diffuse inward. Because most soils have more cations than anions

that can diffuse to a sink, more H' than OH ends up in the soil surrounding a resin
capsule. This causes a decrease in soil pH near the capsule, which can also increase the
solubility of some elements. Again, this is like a plant root function.
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Predicting Plant Nutrient Uptake

Comparing resin capsule soil analysis with standard soil testing shows that the results, as
expressed by the shape of the graph curves, are very similar. For example, in a greenhouse
study with Sordan grass (Bauder, et al. 1992), fertilizer response to added phosphorus on
three low-P soils was compared using resin capsule soil analysis and Olsen-P extraction.

The following graphs are from the original regression equations for each soil. They show
the relationships between plant P uptake and plant dry weights for each testing method.
Resin capsules were in the soil for four days before analysis. Analytical results for resin
capsules are reported as micrograms per capsule. This is because the 1ab analysis is
performed on capsules that have previously adsorbed ions from a surrounding soil. In
figure 2, the combined resin capsule family of curves are closer together (R?=0.82) than
the combined curves in figure 3 (R2=0.76) for the Olsen-P soil test. This indicates that the
capsules may be better than the Olsen-P test at predicting P uptake from different soils by

Sordan.
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Figure 2. Plant P uptake by Sordan compared to a resin capsule soil analysis.
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Figure 3. Plant P uptake by Sordan compared to an Olsen-P soil test.
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Figurcs 4 and 5 show the relationship between Sordan dry weight and cach soil testing
method. The combined R? = 0.72 for the capsule family of curves is lower than the R? =
0.76 from the Olsen-P soil test.
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Figure 4. Sordan dry weight compared to a resin capsule soil analysis.
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Figure 5. Sordan dry weight compared to an Olsen-P soil test.

Perhaps, with additional correlation work, individual plant species and communities could
be indexed with capsules for nutrients or tolerance to toxic elements. If successful, this
could provide another relatively inexpensive analytical tool for characterizing land
capability.

IN SITU MONITORING

Several studies have demonstrated that resin capsules provide a good way to evaluate plant
availability of soil elements. The modified "solid-state-extraction” process closely simulates
clemental availability to plants (Skogley 1992, Binkley and Matson 1983, Binkley 1984).
When placed in situ (Montagne, et al. 1992), showed that capsules responded to the same
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soil variables of temperature (Yang, ct al. 1991a, 1992), moisture (Li, et al. 1993), nutrient
solubility (Yang and Skogley 1992), and transport (Li, et al. 1993) that regulate (Yang, et
al. 1990a, 1990b, 1991a, 1991b) how much of each element plants can take up.

In Situ Response

Monitoring solute movement traditionally requires porous ceramic cups in the soil at
various depths. These are periodicalty vacuum pumped, often for several hours, to extract
a soil solution sample for laboratory analysis. With a soil access tube, resin capsules can be
used to monitor inorganic and organic solute movement over time.

Figure 6 (Skogley 1992) shows the results of a laboratory column study to compare the
resin capsule methods with vacuum extraction to detect Br leaching under unsaturated
water flow. Detailed information about the breakthrough curve was obtained by frequent
capsule changes. These curves illustrate that using capsules in situ provides a good
monitoring system for transient events.
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Figure 6. Comparison of Br leaching under unsaturated water flow as
measured by resin capsule methodology and vacuum extraction.

- Soil Access

Sail access tubes are designed for long-term monitoring. These tubes (Figure 7) have a
casing with a cap and a capsule carrier assembly that fits inside the casing. Except for the
stainless steel spring, all components are made from PVC plastic to minimize possible
capsule contamination when sampling for inorganic elements and most organic materials.
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Casing Installaﬁion Collar Cap

Capsule

Figure 7. Soil access tube components.

The resin capsule is firmly held by a retainer so that onc-half of the capsule surface is in
contact with the soil. The retainer is easily removed for replacing the capsules for
continuous monitoring. At the top of the carrier assembly a stainless steel spring provides a
constant pressure to keep the capsule in contact with the soil. Installing the access tube at a
60° angle to the soil surface places a capsule at the vertical depth marked on the tube.

Access Tube Installation

Soil access tubes are installed at a 60° angle to the soil surface (a 30° angle from vertical).
The reasons for installing tubes at an angle (Figure 8) are:
1. A vertical column of soil can be sampled at several places below a surface point.
2. Water that might run down a vertical tube will wick into the soil along the underside
of an angled tube. If water moved along the tube to the capsule:
A) The capsule could pick up a different chemistry than found in the bulk soil.
B) An "un-natural" condition would occur if the sample site became wetter than the
surrounding soil.
3. Roots will grow vertically into the soil instead of along the access tube.

Surface £
Offset / /

Sample Depth

Figure 8. Diagram of soil access tube installation.
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SUMMARY

Resin capsules provide a tool that solves important soil testing problems because the ion
adsorption process is like the process that plants use to take up nutrients. From a single
extraction procedure, an individual capsule can be quantitatively analyzed for most ions of
interest. This resin capsule method also works on a saturated paste made from soil samples
taken to a laboratory for analysis. An added benefit is that field and laboratory costs of
monitoring with resin methods are lower than for traditional soil testing methods.
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"MORE RECIPES FROM THE GALLOPING FORESTER -
SEEDLING SURVIVAL PRODUCTS (1): YEA, NAY OR GO TO..."

STEPHEN J. SPAULDING, ASSISTANT DISTRICT FORESTER
COLORADO STATE FOREST SERVICE
' P.O0. BOX 9024
WOODLAND PARK, CO 80866

Success in establishing woody plants on revegetation projects can be difficult, particularly in the
western United States. Many elements impede the survival of trees and shrubs. Disturbed soils,
steep slopes and harsh light surfaces are just a few of the man-made conditions that may exist on
the planting site -- then the natural environmental conditions must be added to the mix. These can
range from wild swings in temperature and precipitation, to increasing light intensities versus
elevation and strong wind events.

Finally, the transfer of the plant materials from the favorable growing conditions at the nursery to
the subsistence, or even sterile conditions at the revegetation site, adds a certain amount of
transplant shock. All these factors, when combined together, may present enough stress to cause
severe mortality or entire failure of the planting project.

While there are a number of reasons for tree and shrub loss, an entire industry has arisen that
caters to the tree planting community. These are a large number of survival accessories that can be
utilized on sites and more are being touted daily. '

This paper will define the conditions that cause these survival enhancement products to be used,
how to properly utilize them, and where a little ingenuity may provide that best solution.

First, a quick look at transplant shock. These are changes that occur immediately that affect the
overall metabolism of a plant. The most obvious change that occurs from being removed from the
nursery is the interruption of normal water and nutrient uptake by the roots. This is due to the
removal of the plant from the soil and subsequent damage to the roots themselves, and the fine root
hairs which are responsible for most of the uptake of water and nutrients.

The degree of transplant shock depends on the soil and atmospheric conditions, and the overall
vigor and growth stage of the plant. So even though the latest technological survival products are
. used, the plant may still wilt and subsequently die if not properly handled prior to placement at the
planting site. It has also been found that the mistakes made during the physical planting operation
are the "most serious technical blunders committed (Zon, 1951)."

4)) Mention of any products by either common or trade name does not constitute endorsement
by the Colorado State Forest Service, nor does it imply discrimination against materials
not expressly listed.

So a lot of care needs to be given to seedlings as they make the trip from the nursery to the_hole
they will be planted in. If the level of transplant shock has not exceeded the plant tolerance,

-207-



survival enhancing products may then benefit and improve the chances of that plants' long term
survival.

Probably the most critical factor to long term survival is water, or the absence of it. But the
delivery of supplemental water to most revegetation sites is impractical due to their relative
isolation. However, the development and use of synthetic polymers help to somewhat overcome
this obstacle.

Polymers

Synthetic polymers come in different forms ranging from single strand starch based, to multi-
stranded petro based products. The basic premise is that once individual grains of polymer have
been hydrated, these crystals will provide a source of water during periods of short term drought.
If an individual root hair comes in contact with a hydrated crystal, it will penetrate the crystal and
extract the moisture from that crystal for use by the plant.

It should be noted that the water is tied up in the polymer itself, and is not free water. Hence, the
danger of increasing the susceptibility of roots to fungi and other disease does not apparently exist.

In addition, the polymer can only hold a finite amount of water. So the plant can only sustain
itself over a drought of short duration. The hope is that a rainfall event will occur prior to the plant
reaching its permanent wilting point.

So does this work you ask? My personal experience is such that I feel it does. Since 1985,
polymers have been available for purchase through the Trees for Conservation Program; the
response has been very positive and it appears that the polymers do add significantly to initial
survival.

However, hard research results are hard to come by. A study in Sudan (Callaghan, 1986) showed
a fivefold increase in survival with polymers over control plantings. In 1990, a non-technical
report by the Bureau of Reclamation in Arizona expressed increased survival rates in excess of
50%. Finally, a field trial in South Dakota showed a species specificity to the results. Overall
there was a 20% increase in survival using the polymers. So it would appear for the relative
nominal cost for polymers and their application, it is worth the expense.

Another spinoff benefit that has not been looked at is the reduction of transplant shock from field
handling. This would apply to bare root planting stock. Polymers appear to be a superior holding
slurry over plain water or mud solutions.

An alternative to supplemental water is the technique of water harvesting. This concept basically
eliminates all competition for naturally occurring moisture and captures and stores the better part
of that moisture.

The first step is to physically or chemically remove all grass and forb competition. This allows
the planted seedling access to all moisture that occurs. Then mulches, typically wood chips, are
laid down to prevent
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evaporative losses. The problem with wood chip mulches is they may not be readily available,
costs involved in transportation and installation are high, and the mulches must be saturated before
moisture can reach the soil.

Geotextile Fabrics

The recent introduction of woven geotextile fabrics have solved this dilemma. Light weight, easily .
transported, this product may be the largest boon to tree plantings in the semi-arid west. The
product is composed of a woven polyethylene black plastic, 14 mils thick. Bonders are added to
protect against degradation by ultra-violet light, and also provide a 5-year warranty. I personally
know of a site in southeast Colorado that has had weed barrier exposed for 10 years and is just
now showing signs of significant degradation.

The fabric is 99.8% opaque to sunlight, hence eliminates weed seed germination and growth under
the fabric. Finally, the fabric acts as a mulch, reducing the loss of moisture from evaporation.

In a field trial in southeast El Paso County in Colorado, survival ranged from 74% to 100% with
six different tree and shrub species. Average height of Eastern Red Cedar after three growing
seasons was 39.6 inches (Spaulding, unpublished).

In 1990, a soil moisture retention was initiated in Laramie County, Wyoming. It was found that
geotextile fabrics maintained a field capacity of 90%, where non-treated controls had field capacity
values that fell as low as 10% for extended periods (USDA-ARS, unpublished).

A high altitude planting (8,800 ft.) was performed using 3 foot squares of fabric in the spring of
1993. In September of that year, 99.9% survival was experienced without the necessity of having
supplemental moisture. This technology appears to be a major step forward in providing means of
harvesting naturally occurring precipitation.

The next major factor as it applies to survival is wind and heat. Evapotranspiration is a common
and important metabolic process in all plants. However, this process is speeded up by heat or air
temperature and wind. As temperatures rise, plants increase their rate of transpiration and lose
more moisture. Wind movement further exacerbates this situation as it moves dry air past plants
and further accelerates this moisture loss process. When there is adequate and available soil
moisture, this is not an issue. But in the semi-arid west, this moisture loss can be fatal, either in
the summer or winter.

Shelter

The easiest solution to this problem is to protect a seedling by placing a wind or sunlight barrier
around it. This can be something a simple as straw bales or wood shingles. Another solution is the
use of tree shades. The shade is composed of a photodegradable polyolefin plastic that is sewn into
a mesh envelope. The envelope then slips over a wire wicket, which is set into the ground. The
mesh provides a shade factor of 80%.

-209-



This product appears, again, to be easily transported into isolated areas. In most cases, the wicket
and openings in the mesh provide enough strength and air passage to remain upright. They will be
knocked down in situations where drifting snow occurs. What is not communicated about this
product is that the wind will vibrate the mesh envelope off the wicket. This is easily remedied by
using 24 gauge florist wire to secure the top of the mesh envelope to the steel wicket.

A higher technological advancement against wind and heat damage hails from Europe. Tree
shelters are intended to provide a mini-greenhouse, or growth chamber, around each plant. They
are usually made of polypropylene which is extruded into a twin walled tube similar in appearance
to cardboard.

The concept is to protect the plant from heat, having about a 75% shade factor. In addition, the
shelter protects the seedling from wind and provides a favorable micro-climate to accelerate growth
-- which the tree shelter definitely does. Results from Michigan, Ohio and Wisconsin indicate that
overall height doubles when using the tree shelters versus control plots without the shelters. This
occurs with deciduous trees and shrubs only; conifers, in my experience, have not responded at all.

A word of caution when using this product. Due to the increased height production achieved, stem
caliper often lags behind. Once the protection of the tree shelter is removed, the clongated tree
quickly blows over in the next wind storm.

Also, plants in the shelters may not harden off quickly enough and mortality has been reported
from fall frosts. In the Rocky Mountain west, it would not be surprising to see damage in carly
spring. The shelters may cause the tree to break dormancy before the last of the killing frosts have
passed. Both of these situations may be alleviated by using the shorter length of tree shelters,
staying in the 18 - 24 inch range.

A final frustration I have gone through is trying to keep the shelters erect in high winds. Due to the
large wind profile of the tube, I have had to use steel rebar to keep the tube from being wind
thrown. .

Fertilizers

Another question is to fertilize or not to fertilize? This is a question not readily answered as the
scientific community is really at odds over woody plant fertilization, particularly in time release
formulations, such as Agriform, Gromax or Woodace. My only recommendation is to watch the
nitrogen level of the product you use; it should be a 20 or less. The fertilizer should also not
contain a herbicide; you may accidentally kill your plants.

Research has shown, repeatedly, definite responses to early fertilizer applications. After initial
establishment, fertilization response varies among all woody plants.
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Repellents

Repellents are intended to reduce damage to plants, either through taste or smell. Taste repellents
need to be, obviously, ingested by the target critter. So this involves some damage to the plant you
are trying to protect. The concept here is that the noxious taste of the repellent will be imprinted
on the animal, and it will then tend to shy away from continued feeding. Odor repellents follow
this same idea, with the scent being the deterrent to the animal.

Research has shown a broad spectrum of success among a wide variety of repellent brands. A
study performed by the Colorado Division of Wildlife and Cooperative Extension Service showed
tame Mule Deer consumed 15 - 20% of rations treated with Big Game Repellent, coyote urine and
a chicken egg solution. Additional products tested with percent of ration consumed were Thiram
(42%), Hinder (45%), Lifebuoy soap (62%), and Ropel (80%). A Connecticut study (Swihart and
Conover) used Big Repellent and Ropel as taste repellents also. Again, the results were pretty
much the same, with Big Game Repellent out performing Ropel.

This study also looked at using soap as an odor repellent. When used to protect apple trees,
Cashmere Bouquet, Coast, Ivory, Shicld and Dial were quite effective. Soap bars of Safeguard
and Irish Spring were less effective and Jergens showed no level of control. The soap bars were
. hung from the apple trees approximately 1 meter apart. As the distance between soap bars grew,
the less effective this treatment became.

The major drawbacks of repellents are price and frequency of application. Big Game Repellant
retails for as much as $20 per gallon, with an effective life of 90 - 120 days under normal
conditions. The question begs, what are normal conditions? Ropel can cost $38.90 per gallon, and
Hinder $18.25 per gallon. And then the animal must ingest a part, or in the case of seedlings, all of
the plant you are trying to protect. The only product I have found that works consistently are the
vexar tree guards.

Tree Guards

The tree guard is made of a combination of polyethylene and polypropylene that is extruded into a
tube with a diamond mesh pattern. Ultra-violet light inhibitors are added to allow the guard to
photodegrade slowly. The concept here is to provide protection to the plant until it can establish
itself and grow to a degree where it can tolerate some feeding by animals.

The key benefit here is that your planting won't get wiped out overnight. Deer and elk cannot put
their muzzles down the tube. Small rodents will not climb over the tube, nor gnaw through the
vexar tubing itself. Where tree stakes are used to keep the guard secure in an upright position, deer
and elk have a difficult time knocking the guard off. One initial draw-back to this product can-be
the expense. The guard with stakes can run as high as 25 - 30 cents each, plus installation. But
one application does the trick!

Large game animals will mow the top off any trees or shrubs that grow out the top of the guard.
However, in my experience on the U.S. Air Force Academy with their deer populations, the guards
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allowed the plants to establish and escape heavy feeding by the deer. The planting site does
experience damage, but no mortality has occurred.

Another problem that can occur using the vexar tree guards happened on a project on the Snowy
Range Road in Wyoming. Due to the highly visible yellow color of the guards, the seedlings were
being dug up and taken home by passersby.

Fencing

Another option to tree guards, provided a small area needs protection, is portable photo-voltaic
electric fences — a car battery with a solar charger and T-tape electric fence. The fence is baited
with a mixture of vegetable oil and peanut butter, which appears to be a favorite late night snack
with the ungulate bunch. The deer or elk really learn quickly to avoid the planting site.

The Nebraska State Forest Service has used this technique in protecting research plots and have
been greatly impressed with the results. They have protected areas up to three acres in size and
feel the fence could be used on even larger areas. The big benefit here is that the fence charger is
portable and easy to use. Nebraska's experience has shown that the fence needs to be charged once
every 2 -3 months after the initial exposure to the animals.

Now it is not necessary to use all the products mentioned in order to obtain acceptable survival of
your plantings. It may only be necessary to use the appropriate survival accessory that combats
the worst factor you encounter. It is best to spend your dollars on whatever single item gives you
the most benefit. Trying to improve survival an additional 10 - 15% over what you are currently
experiencing may not be worth the cost. Other mitigating factors, such as the importance of the
planting itself, may require that additional steps be taken.

But in any event, look closely at what a survival enhancing product tries to do in relationship to
environmental factors you have on your planting site. For every day, it seems a new product hits
the market place. For example, a new repellent using garlic is available. Does this mean the tree
needs to use a mouthwash before it pollinates?
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Alpine dwarf willow and its ectomycorrhizal partners:
a potential system for alpine ski slope restoration !

Frank Graf
Geobotanical Institute, Swiss Federal Institute of Technology (ETH), CH-8008 Ziirich,
Switzerland.

Ivano Brunner
Swiss Federal Institute for Forest, Smow and Landscape Research (WSL), CH-8903
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From 1988 to 1990, mycosociological and mycoecological research has been carried out
during the vegetation period (July to October) in acidic alpine snowbeds with Salix herba-
cea L. and Polytrichum sexangulare (Floérke ex Hoppe) Brid. in the Valley of Radont (Gri-
sons), Switzerland, in 13 permanent plots of 50 m® each. Interests have been focused on
macromycete taxonomy resulting in a check-list of 80 recorded species of which 63 grew in
the 6 pure Salicetum herbaceae Br.-Bl. plots. Of them, 42 (67%) were ectomycorrhizal
fungi associated with S. herbacea. Numerous isolations of different ectomycorrhizal part-
ners resulted in pure cultures of Hebeloma repandum Bruchet, Cortinarius (Myxacium) fa-
vrei Mos. ex Henderson and Hymenogaster saliciphilus Graf & Horak. So far, synthesis ex-
periments were successful with H. repandum and S. herbacea. Syntheses were performed
with seedlings grown from seeds in sterile Erlenmeyer flasks containing a Vermiculite-peat
moss mixture. Synthesized ectomycorrhizae had a two layered mantle and a mostly paraepi-
dermal Hartig net. Naturally grown ectomycorrhizae of these two partners had a similar
mantle and Hartig net structure. Different cultivation methods of the willow (seeds, cut-
tings) and successful formation of ectomycorrhizae under sterile and non-sterile conditions
have turned this plant-fungus-system (PFS) into a potential and powerful tool for the resto-
ration of destroyed acidic alpine environments, especially ski slopes above timberline in the
Swiss Alps.

INTRODUCTION

The main objective of this study was to gain information about Salix herbacea and its ecto-
mycorrhizal partners with the prospect of laying the foundations for restoration projects in
the alpine zones with this plant-fungus-system (PFS). In this context ecology and sociology
of the macromycetes in snowbed communities with S. herbacea and closely related associa-
tions were investigated during a three year period. From 1988 to 1990 during the snow-free
vegetation periods, all observed macromycetes in 13 permanent investigation plots of 50 m?2
each were protocolled on excursions in weekly intervals whenever possible. Besides the list
of the registered taxa, the main goal of this work was to record abundance, frequency and
periodicity of the macromycetes. Furthermore, relationships between carpophore productivi-
ty of selected taxa and the course of climatical parameters (microclimate) and soil properties
were subjects of this study. The mapping of the carpophores and the snow melting zones
(isochiones) in 11 of the 13 permanent plots was carried out to better understand distribu-
tion patterns and association behaviour, especially between ectomycorrhizal taxa accommo-
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dated by the dwarf willow. It was further attempted to cultivate typical ectomycorrhizal
macromycetes from fungal tissue (auxenic cultures) and from the host plant S. herbacea
from seeds as well as from cuttings. With these materials it was predicted to carry out ecto-
mycorrhizal synthesis experiments and to produce inoculum and host plants for future resto-
ration projects.

MATERIAL AND METHODS

Investigation area

The research area is located between Davos (1560 m) in the Landwasser Valley and Susch
(1426 m) in the Lower Engadin, south-east of the Fliiela Pass (2383 m) in the Valley of
Radont between 2400 and 2500 m, in the Canton of Grisons, Switzerland.

The bedrock of the research area belongs to the Silvretta formation which is dominated in
the Valley of Radont by ortho- and paragneiss (pHy,, 3.5-4.2) occassionally intermixed with
alluvial soil originating from moraine deposits (pHy,, 4.9-5.5) of the glacier of Radont
(Quaternary glaciation).

Collecting and mapping of macromycetes

In this work only macromycetes i.e. carpophores (cp) visible w1th naked eye (cp > 1 mm
diam.) are treated. Concerning Basidiomycetes the main attention was focused on Agarica-
les, although a few conspicuous representatives of Aphyllophorales and Gastromycetes are
included also. Ascomycetes were collected likewise and with Didymium squamulosum (Alb.
et Schw.) Fr. even one Myxomycete is reported.

During the vegetation period (July to October) between 1988 and 1990 totally 47 excur-
sions in weekly intervals, whenever possible, took place to record ecology and sociology of
macromycetes in the 13 permanent plots of 50 m? each. In 11 of them (6 belong to the Sali-
cetum herbaceae Br.-Bl. association) all observed carpophores were mapped. Each collec-
tion (i.e. a group of basidiomata of the same taxa within a basal area of 5 cm diameter) has
been protocolled with its relative position and number of individuals. These observations
were complemented by reading weekly data (taken at soil surface level) on precipitation
(using rain guages) and maximum-minimum air temperatures. Furthermore, from mid-May
to July weekly investigation took place to map and document the snow melting process (iso-
chiones).

Ectomycorrhizal synthesis experiments and natural ectomycorrhizae

Small tramal pieces of Hebeloma repandum, Cortinarius favrei and Hymenogaster salici-
philus were cut and placed on Petri dishes on modified Melin Norkrans (MMN) agar (Marx
& Bryan 1975). After several weeks of incubation small pieces of the mycelium were trans-
ferred into sterilized 500 ml Erlenmeyer flasks containing a liquid MMN solution. After 10
weeks these liquid cultures were homogenized and injected into autoclaved Erlenmeyer
flasks containing a Vermiculite-peat moss mixture. The fungal inocula were allowed to grow
1 to 2 months prior to seedling introduction.

Seeds of Salix herbacea were collected from the investigation plots. After surface sterili-
zation for 3-5 minutes with H,0, (30%) they were placed on water agar in Petri dishes for
germination and incubated at room temperature and in daylight. After the development of
the cotyledones the seedlings were transferred and maintained on MMN agar plates. After 2
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to 3 weeks the plantlets were ready for synthesis experiments, i.e. were added to the Vermi-
culite-peat moss Erlenmeyer flasks. »

Synthesis experiments were carried out in a growth chamber with a 16 hour day period at
20°C and 70% humidity. The duration of the syntheses of H. repandum were 11 months.
Ectomycorrhizal rootlets were then harvested and cleaned with sterile water, fixed, dehydra-
ted in alcohol, embedded in glycol-metacrylate, longitudinally sectioned (1.5 pm) and
stained with Giemsa for chitinoid material (BRUNNER et al. 1992).

For comparison reasons, naturally grown S. herbacea rootlets were examined for ectomy-
corrhizae. Based upon mapping data, spots of carpophore monocultures were chosen from
different ectomycorrhiza forming taxa, viz. H. repandum, C. favrei, Laccaria montana,
Entoloma alpicola, and Russula norvegica. In addition structures of Cenococcum geophi-
lum Fr. ectomycorrhiza were also considered.

Cuttings

Cuttings of Salix herbacea were made from plants grown under sterile conditions from sur-
face sterilized seeds and naturally grown plants, respectively, both collected in the
permanent plots.

Each cutting, consisting of at least 3 leaves and with a minimal height of 15 mm, was put
into a pot filled with a well watered Vermiculite-peat moss mixture to which 150 ml
MMN,,,. solution was added. These systems were maintained under non-sterile conditions
at 20°C and daylight in a greenhouse and weekly supplied with water and 30 ml MMN,,.-
After 2!/, months 100 ml of homogenized mycelia of H. repandum were injected into one of
the pots. Ten and fifteen months later, respectively, some of the rootlets were harvested for
investigation of ectomycorrhizal structures.

RESULTS

Collecting and mapping of carpophores

During the 3 year research period more than 26'000 carpophores, belonging to 80 different
taxa, were counted within the 13 permanent plots. In the 6 Salicetum herbaceae plots the
share constitutes about 17'000 basidiomata resulting from more than 7'500 mapped collec-
tions. From the 63 distinguished taxa of these Salicetum records 42 (67%) represented
about 16'000 carpophores (97%) belong to the ectomycorrhiza forming partners of the
willow. Among them the most frequent species are shown in Table 1:

Table 1: The most frequent ectomycorrhizal partners of Salix herbacea with corresponding
numbers of colletions and carpophores. Bold species are considered in Figure 1.

collections carpophores

Laccaria montana 1854 4100
Cortinarius stenospermus 662 1894
Cortinarius rufostriatus 611 1692
Russula norvegica 892 1087
Cortinarius favrei 543 842
Hebeloma repandum 282 443
Hebeloma marginatulum 210 314
Inocybe lacera 187 290
Inocybe peronatella 161 212
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The graphic data evaluation of the 3 year mapping cycle allows demonstration of different
growing patterns and strategies among the 42 distinguished mycorrhizal forming taxa ail

related to S. herbacea (Fig. 1).
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Figure 1: Abundance, frequency and distribution patterns of selected ectomycorrhizal
macromycetes in plot 7 (Salicetum herbaceae) from 1988-90. Horizontal scale bar = 1 m,

vertical scale bar = 5 carpophores.
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Ectomycorrhiza _

The Salix herbacea-Hebeloma repandum system had typical ectomycorrhizal rootlets, after
11 months under sterile conditions in the Erlenmeyer flasks and after 15 months in the pot,
maintained in a greenhouse. The two layered mantle structure and the paraepidermal Hartig
net (Fig. 2) were more or less identical in both synthesized samples corresponding to the
- examined natural ectomycorrhiza. Concerning Hymenogaster saliciphilus no synthesis expe-
riments were carried out because of lack of sufficient inoculum material (extremely low
growth rate, see GRAF & HORAK 1993). Furthermore, Cortinarius favrei did not develop
ectomycorrhizal structures neither in the Erlenmyer flasks under sterile conditions nor in the
pots maintained in the greenhouse within 15 months of synthesis duration. More results
about ectomycorrhizal synthesis experiments and producing of cuttings are subject of a fur-
ther publication (GRAF & BRUNNER in prep.)

Figure 2: Light micrograph of a longitudinal section of synthesized ectomycorrhiza of Salix
herbacea with Hebeloma repandum. Fungal hyphae form a two layered mantle and a para-
epidermal Hartig net. Scale bar = 50 um.

Examined natural ectomycorrhiza types confirm that the structure of the above mentioned
Hebeloma synthesis is probably developed by most of the fungal partners of S. herbacea. It
seems obvious to assume that the ectomycorrhizal structures are mainly dependent on the
host plant. This is in accordance with observations of ANTIBUS e¢ al. (1981) who examined
synthesized and natural ectomycorrhizae of Salix rotundifolia. Synthesis experiments with
aspen resulted in comparable assumptions (GODBOUT & FORTIN 1985).

The examined natural ectomycorrhizae of S. herbacea with H. repandum, C. favrei, Dermo-
cybe crocea, Laccaria montana, Entoloma alpicola and Cenococcum geophilum showed
similar structures as the synthesis with H. repandum i.e. a two-layered mantle and a paraepi-
dermal Hartig net.
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Cuttings

Cuttings from naturally grown as well as from sterile maintained plants grew well. Ten
months after inoculation of H. repandum no ectomycorrhizal structures have been formed.
However, after 15 months typical ectomycorrhizal structures were present as described for
the synthesis under sterile conditions. Several generations of leaves have been developed
since in both systems, with and without inoculation of H. repandum. There was a distinct
higher production of third generation leaves in the pot where H. repandum inoculum was
added.

During the first and second generation the plantlets grew all in vertical direction. Only at the
end of the second and then with the developing of the third leaf generation the plants did
start to creep horizontally as it is known in nature (Fig.3).

Figure 3: Cuttings of Salix herbacea at the age of 12 months with the third leaf generation
showing typical leathery context. Most plantlets demonstrate their characteristic creepy
growth habit. Scale bar = 1 cm.

Snow melting zones (isochiones)

The mapping of isochiones is helpful to detect relationships between the snow-melting-
zones (isochiones) and the distribution patterns especially of the ectomycorrhizal macromy-
cetes. Throughout the Salicetum plots it was registered that symbiotic partners occurred
predominantly either at places where snow melted early or late in the season (Fig. 4, [I-IV]).
Beside others, Cortinarius favrei is an example of the former group (I), whereas Inocybe
lacera and I. peronatella belong to the latter (II). The fact that S. herbacea shows
particular differences in the composition of ectomycorrhizal species in connection with
isochiones raises the assumption that certain symbiotic partners of the dwarf willow are
more competitive under the condition of long snow cover. Differences in time of thaw are
correlated with the time available for the development of the ectomycorrhizal host plant
Salix herbacea. Plants which start their vegetation period later in the season find a
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Figure 4: Plot 11: a) Extreme temperatures [°C] at eight (1-8) spots during 28 hours on a
radiation day (20./21. July 1990); b) Isochiones (1 = early, 6 = late snow-free) from 1988 to
1990 and important plants with their dominating spots ¢) Mapping cards of ectomycorrhizal
fungi (1988-89). I, II = at early, late snow-free spots; III, IV = early, late stage partners.
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different situation in nutrients, less favourable climate conditions, and more competitive
pressure of the plants, which started their development earlier. In the case of Laccaria mon-
tana which was registered nearly everywhere in association with S. herbacea it was obser-
ved that clustered occurrence of its carpophores were mostly restricted to border zones of
the dwarf willow with mostly extreme climatic or edaphic conditions (snow cover, soil pro-
perties, max.-min.-temperatures). At places with well established patches of S. herbacea
there was a significantly lower productivity of this macromycete. Similar observations were
made for Hebeloma spp. and Inocybe spp. Conversely, Cortinarius spp., especially C. fa-
vrei, and Russula spp. showed the opposite behaviour (Fig. 4). These observations confirm
their status as early- (III) and late-stage (IV) ectomycorrhizal partners, respectively (Ford et
al. 1980).

DISCUSSION

In recent years different strategies for alpine restoration were tested and described (CHAM-
BERS et al. 1984, 1988; GRABHERR et al. 1988; URBANSKA 1986, 1988, 1990). Conco-
mittant numerous investigations were carried out checking the aptitude for high altitude re-
vegetation of many plant species (CHAMBERS et al. 1987; FLUELER 1992; SCHUTZ 1990).
However, in this connection, only little is known so far about the fitness of ectomycorrhizal
host plants and their fungal partners naturally established throughout the alpine zones.

In the present study it was attempted to lay foundations for alpine restoration with such
plant-fungus-systems (PFS). Of the 42 macromycetes suspected to form ectomycorrhiza
with Salix herbacea only a few are predicted as potential and powerful partners for alpine
restoration in combination with the dwarf willow. The main criteria the selection is based on
are the ability to get auxenic cultures, to form ectomycorrhiza under non-natural conditions,
a wide distribution throughout the alpine zone and taxonomically more or less well defined
species. Following this propositions the following PFS are proposed as potential for restora-
tion in the alpine zone where siliceous parent material is dominant:

S. herbacea-Cortinarius favrei, -Entoloma alpicola, -Hebeloma marginatulum, -H. repan-
dum, -Hymenogaster saliciphilus, -Inocybe lacera, -Laccaria montana and -Russula norve-
gica. In nature, these PFS cover a wide range of the possible ecological spectre of S. herba-
cea. Regarding alpine restoration, different fungal partners do different jobs at different pla-
ces. To state only a few examples: Entoloma alpicola as the one partner in areas with shor-
ter snow cover is substituted by Inocybe lacera and / or Hymenogaster saliciphilus at spots
with longest snow cover. Hebeloma spp. and Laccaria montana seem to be most competi-
tive in open and poor vegetation, whereas Cortinarius favrei and Russula norvegica prefer
rather closed vegetation with a higher plant diversity (GRAF unpubl.). .

Efforts should be undertaken to test this PFS thoroughly by replanting them in their natural,
alpine habitat. Combined with careful soil and vegetation analysis of the slopes and their
boarder zones, it should be possible to find the appropriate PFS, for each place to be
treated. In the Swiss Alps the potential and powerful host plants on silicaceous rock material
are Salix herbacea, S. retusa, S. reticulata, and on calcareous rock material Dryas
octopetala.

Further inquiries should be undertaken in producing cultures of the proposed ectomycor-
rhizal macromycetes and in investigations of their specific responses to different environ-
mental parameters, viz. nutrients, pH, soil moisture and snow cover. In this connection care
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should also be taken in the composition of the soil fauna and their influence in nutrient cy-
cling. NASCHBERGER & KOCK (1983) and FLORINETH (1984) demonstrated, that well dosed
applications of organic fertilizer at restoration sites increase the biomass of the plants and
stimulate the propagation of the soil inhabiting microorganisms (INSAM & HASELWANDTER
1985; LUFTENEGGER et al. 1986). Such efforts may be secondary or even superfluous with a
better understanding of the soil microflora and the appropriate consideration and application
of a selection of such a fauna, concomitant with the planting of the suitable set of ectomy-
corrhizal and non-ectomycorrhizal phanerogames. .

To sum up it seems obvious that still essential research and extensive work has to be done,
Nevertheless, with a little enthusiasm and idealism (Fig. 5) and of course the appropriate fi-
nancial support these investigations would certainly lead to successful contribution regar-
ding recovery of nature.

© V. Morgen '

Figure 5: New perspectives in alpine restoration ?! Reproduced with kind permisson of V.
Morgen 19.2.1994.
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POSTER SESSION ABSTRACT

APPLICATION OF MUNICIPAL BIOSOLIDS TO THE
RECLAMATION OF SEMI-ARID MINED LANDS

by
R. L. McNearny, Assistant Professor Don Deines, Sr. Env. Engineer
University of Utah Kennecott Utah Copper, Inc.
Department of Mining Engineering P. O. Box 525
317 William C. Browning Building Bingham Canyon, UT 84006-0525

Salt Lake City, Utah 84112

The Environmental Protection Agency published the final rules for the disposal of
municipal sewage sludge on February 19, 1993 in the Federal Register, 40 CFR Parts 257, 403,
and 503. These regulations were promulgated under authority of Sections 405 (d) and (e) of the
Clean Water Act, as amended. One section of the regulations permits the application of sewage
sludge to land for a beneficial use (as biosolids), i.e., for land reclamation.

In the past, research into the use of biosolids as a soil amendment has been conducted in
humid climates with very little research performed in the semi-arid climate that is typical of the
state of Utah. Thus, the purpose of this project is study the impact of biosolid application to
mined land locations in Utah, therefore accounting for the climatic conditions of the Great Basin
region. Specifically, this project will determine the success of vegetative growth after the
application of biosolids, principally to the relatively flat slopes of the Kennecott Utah Copper
tailings impoundment and a range of slopes at Barneys Canyon Mine. This proposal will utilize
anaerobically digested (Class B) sewage sludge, from the Central Valley Water Reclamation
Facility in Salt Lake County, as a soil amendment to enhance revegetation. The effects and
progress of the biosalid applications will be evaluated using a linear, interactive experimental
design. This research project is a cooperative effort between the University of Utah, Golder
Associates, Inc., Kennecott Utah Copper, and Barneys Canyon Mine.

Products of the research project will provide a final technical/R&D report, as well as
specifications for large scale reclamation including: biosolids application rates; fertilization, if
required; recommended seed mixtures; erosion protection measures; and monitoring and
maintenance requirements.
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Preliminary Revegetation Results for Leviathan Mine, Alpine County, California

Bruce T. Warden, Ph.D.
California Water Quality Control Board, Lahontan Region
South Lake Tahoe, CA 96150

Leviathan Mine is a former open-pit sulfur mine, about 500 acres in size, located at about
7,000 feet elevation on the eastern slope of the Sierra Nevada Mountains in Alpine County,
about 30 miles south of Lake Tahoe, California. Average annual rainfall is about 20 inches.
Generation of sulfuric acid from oxidation of elemental sulfu1; and pyrite in exposed mine
spoils has resulted in typical pHs of 3-4 for soils and pHs of 2-3 for subsurface drainage waters.

The California State Water Resources Control Board has spent over six million dollars to
remediate the pollution by relocating and regrading one million yards of tailings, constructing
11.4 acres of evaporation ponds, channelizing streams to prevent contact with mine tailings
constructing 17,000 feet of drainage ditches to prevent stormwater infiltration and
revegetating the site.

Only moderate improvements to water quality, however, have been attained, primarily
because initial attempts at site revegetation were not successful. Acid mine drainage (AMD)
seeps, pond overflows, and erosion of bare soils continue to impair water quality.
Establishment of adequate vegetation would minimize pollution of local waterways by: (i)
minimizing soil erosion via physical soil stabilization, and (i) reducing seepage of AMD and
i)ond overflows by increasing evapotranspirational losses of soil water.

Butterfield and Tueller (1980) suggested on the basis of initial field and greenhouse
revegetation/soil fertility/liming studies that the \major limiting factors in stand
establishment at Leviathan Mine are, in approximate order of importance:

(1)  Acidity of mine spoils with associated metal (i.e. Al) toxicity.
(2) Low soil fertility (i.e. N, P, K, Ca, Mg) on leached acid spoils.
(3) Selection and establishment of acid-tolerant, high-altitude plants.
A study by Brown and Caldwell (1983), however, suggested that neither acidity nor soil

fertility were major limiting factors, and selection of properly adapted acid-tolerant plant
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species was the most important factor.

Trees from field plot studies using indigenous acid-tolerant pine species planted as early
as 1977, however, typically show stunting and yellowing. Also, Early attempts at grass
establishment with moderate liming have failed. This suggests that soil acidity and fertility
are the limiting factors in étand establishment.

Availability of sbﬂ moisture should not limit growth on the predominantly silty-clayey
soils {about 30-40% water holding capacity). However, plants- may not be able to utilize the
moisture because of poor root growth induced by metal (Al) toxicity.

Proposed workplan for future remedial actions include the following:
Phase I—Site soil characterization

e Lime requirement (short- and long-term for immediate acidity and residual acidity
from S oxidation, respectively).

¢ Soil nutrient status—NH4-N; NO3-N; Available P (Olsen's P, acetic acid extractable,
Mehlich extractable, as appropriate); Exchangeable Ca, Mg, K

¢ Toxic elements—Al, Mn, Cu, etc.; DTPA-extractable soil metals; Volunteer (presumable
metal tolerant plants) may be sampled and analyzed for metals as indicators of other
potentially toxic metals)
Phase II—Pilot-scale field trials

¢ using appropriate rates of soil amendments, and the most promising plant species,
determine feasibility/optimize strategy for site remediation

Phase III—Site Revegetation

e Based on results of Phase I, addition of appropriate amounts of soil amendments—
lime, nutrients, etc. using appropriate plant species in correct density matched to site
location.
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EX-SITU CONSERVATION OF PLANT GENETIC RESOURCES

S. A. Eberhart, C. W. Vertucci, E. E. Roos,
L. E. Towill, and P. C. Stanwood!

ABSTRACT

Local landraces and weedy relatives of crops that have evolved by
human and natural selection over the millennia have been rich sources of
resistance to new pathogens, insect pests, and other stresses as well as
for traits to improve food and fiber quality, animal feed, and industrial
products.

Because very few crops grown in the U.S. are native, plant
introductions have been vital to our agriculture. The National Plant
Germplasm System (NPGS) was established to acquire, preserve, and
distribute plant genetic resources from centers of diversity around the
world so that scientists have immediate access to these source materials.

Ex-situ collections of germplasm are being stored by NPGS as 1)
living and growing organisms and 2) living but quiescent organisms. Most
accessions in the quiescent state are currently orthodox seeds, but
research at the National Seed Storage Laboratory focuses on the
development of new and improved technologies for the long-term
preservation of all forms of plant germplasm as living but quiescent
organisms.

The NPGS is denoting a smaller core subset of each major crop which
includes most of the genetic diversity of that crop species and its
relatives to be used for initial screenings.

INTRODUCTION

Thousands of plant and animal species have evolved; however, only-
a few of these have been domesticated to provide food, fiber, animal feed,
medicinal, and industrial products for humankind. These crops have been
improved and differentiated to an even greater extent'by’continuing human
selection for thousands of years.

Oonly a few domesticated crops are native to the USA: sunflower,
pecan, strawberry, blueberry, cranberry, certain grasses, and a few
others. Our exceptionally productive farming system was founded on
genetic resources from other countries. Native North Americans had
introduced maize, beans, squash, and other crops from Central and South
America. Early immigrants from Europe and Asia brought seed of many crops
with them. In 1819, American consuls overseas were asked to collect seeds
of wuseful plants. The U.S. Patent Commissioner administered the

1National Seed Storage Laboratory, USDA, ARS, 1111 So. Mason
Sst., Fort Collins, CO 80521-4500
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introduction of plants from 1836 to 1862. The continuing need to acquire
and introduce germplasm into the U.S. was one of the reasons for
establishing the U.S. Department of Agriculture (USDA). The Organic Act
of 1862, establishing the Department of Agriculture, directed the first
Commissioner of Agriculture, Isaac Newton, "to collect, as he may be able,
new and valuable seeds and plants; to test, by cultivation the value of
such of them as may require such tests; to propagate such as may be
worthy of propagation; and to distribute them among agriculturists.” 1In
1898, the Seed and Plant Introduction Section, which later became the
Plant Introduction Office, was established to manage plant explorations
and introductions.

Before the 1late 1940's, introductions were sent directly to
interested scientists without any requirement that they be maintained.
Adequate preservation methodologies and facilities were not available
then, and many accessions were lost.

The local landraces and wild relatives of crops that have evolved
through human and natural selection over the millennia have provided rich
sources of genetic diversity to meet plant breeders' needs of sources of
genetic resistance to new pathogens, insect pests, soil related stresses,
and food quality. But, as farmers in centers of diversity switch to new
stress tolerant, higher yielding cultivars, these rich sources of useful
genes will be lost forever unless they have been collected and preserved
ex situ in gene banks.

The sheer number of organisms and the genetic diversity within
species makes conservation of our genetic resources a vast task requiring
many approaches. The strategies of preserving these valuable resources
in ex situ collections are briefly summarized.

EX SITU CONSERVATION STRATEGIES

Ex situ collections of germplasm can be stored as 1) living and
growing organisms and 2) living but quiescent organisms. Examples of the
living and growing collections include field, orchard, and screen house
collections; botanical gardens; plantations; and cell and tissue cultures.
In the living but quiescent collections, organisms are stored in a state
of "suspended animation." Examples of this type are seeds and
cryopreserved tissues and cultures in gene banks. The National Plant
Germplasm System (NPGS) uses both strategies. Only orthodox seeds (those
which are tolerant to desiccation, i.e. most crop species) and dormant
vegetative buds from apple are currently stored in quiescent collections,
but the technology is developing rapidly that will enable us to store most
forms of germplasm.

Technological demands are minimal in living and growing collections.
However, these collections sare expensive in terms of labor and space.
Because of this, only a few individuals or specimens of a given species
can be maintained. Hence, this strategy is not efficient for conserving
the genetic diversity within a species. Most importantly, living and
growing collections are susceptible to disasters such as fires, tornados,
insects, diseases such as the fire blight epidemic, which threatens the
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apple collection in Geneva, New York, and hurricanes such as Andrew, which
threatened the mango and avocado collection in Miami, Florida in August,
1992.

Collections of living but quiescent organisms and tissues provide
a low risk backup to the living and growing collections. Once in storage,
preserved organisms require minimal spaée and labor, and this allows us
to maintain many collections. Given the restrictions of acquiring and
documenting materials, this conservation strategy is the most efficient
at preserving the genetic diversity within a species. However, preserving
propagules in living but quiescent collections requires technological
inputs. The National Seed Storage Laboratory (NSSL) preserves a large
base collection of orthodox seeds. It serves as the prototype for other
seed banks, including private institutions in the U.S. and national
germplasm collections in other countries.

Technologies for Maintaining Ex Situ
Collections in a Living But Quiescent State

The basic principle of preserving quiescent biological tissues is
to limit chemical changes that are caused by either metabolism or the
stochastic processes of aging. For many biological materials, the
procedures used to limit chemical reactions- (dehydrating and/or freezing)
are lethal. Thus, these preservation procedures cannot be used in certain
quiescent ex situ collections since the objective is to maintain living
material so that it can be retrieved and grown when necessary. Because
the ultimate goal is to regain an actively growing organism capable of
reproducing, the tissues that are preserved must be propagules of the
organisms they come from.

There are many different types of tissues than can be used as
propagules. Propagules from plants that are sexually derived (seeds and
pollen) can be used to preserve various combinations of genes. Propagules
that are asexually derived (vegetative buds, shoot tips, somatic embryos,
cell suspensions, and root tissues) can be used to preserve specific
genetic combinations. Plants produced from asexually-derived propagules
are clones of the parent plant. For purposes of conserving genetic
diversity, the choice of propagule depends on the ease to which it can be-
preserved and whether a particular genetic combination is desired. A goal
of NSSL is to cryopreserve vegetative propagules of clonal crops including
apple, potato, garlic, grape, pear, pineapple, and sweet potato.

For seeds, we distinguish between 'orthodox' and 'recalcitrant’
types. Orthodox seeds are easily stored, while recalcitrant seeds are
more difficult. Fortunately, many of the crops important to U.S.
agriculture form orthodox seeds. However, a number of crop species (e.g.,
wild rice, citrus, avocado, mango, cacao, coffee) and several tree
species (e.g., oak, maple, buckeye) produce recalcitrant seed. The basic
distinction between orthodox and recalcitrant seeds lies in their relative
ability to survive desiccation. The extreme desiccation tolerance of
orthodox seeds provides an excellent research opportunity to understand
mechanisms by which tissues can survive without water. Eventually this
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capability may be incorporated into recalcitrant seeds and other
desiccation sensitive propagules so that they may be more amenable to
storage.

Preservation of Othodox Seeds

The technology for preserving orthodox seeds is well understood for
the most part. A basic rule of thumb given by J. Harrington in 1960
(Justice and Bass, 1978) suggests an exponential relationship among seed
longevity, temperature, and moisture content of storage such that a seed's
life is doubled for every 5°C reduction in temperature and for every 1%
reduction in moisture content. According to this longevity model, seeds
that are dried to the lowest possible level and stored at the lowest
possible temperature should remain viable for millennia. Current research
at the NSSL (Vertucci and Roos, 1990, 1993) does not support this
supposition at low temperatures and low seed moistures. '

Research by Justice and Bass (1978), Bass (1980), and Bass and
Stanwood (1978) showed that reducing the storage temperature from 5°C to
sub-zero temperatures increased seed longevity from less than 10 years for
some species to at least several decades for most species. For this
reason, the protocols for seed storage at the NSSL were changed in 1979;
seed vaults were remodeled, and temperatures were lowered from 5°C to
-18°C. More than 258,000 accessions are stored in the vaults at the NSSL.
The new facility, occupied since May 1992, has the capacity to store about
1 million samples. With the availability of this new storage space, we
expect to receive backup samples from the remaining non-duplicated
accessions in the active collections in the near future.

The use of cryogenics for orthodox seed storage was initiated at the
NSSL in 1978. The ultra-low temperature of liquid nitrogen should extend
seed longevity to several centuries. A test of this hypothesis is
ongoing. After 10 years of storage, no major differences in viability
were observed between onion seeds stored at -18°C and liquid nitrogen
temperatures (Stanwood and Sowa, 1994). However, major differences were
observed between the sub-zero temperatures and 5°C. The protocols for
cryogenic storage of orthodox seeds were established by Stanwood and Bass
(1981); these protocols provide the basis for cryogenic storage of seeds
in germplasm banks around the world. Seeds are stored in the vapor phase
above liquid nitrogen (approximately ~160°C). This procedure minimizes
risks to laboratory personnel who retrieve samples from cryovats (samples
stored directly in liquid nitrogen may explode upon warming due to
pressure build-up of the expanding liquid phase). Presently, the NSSL has
10 cryovats devoted to routine storage, each accommodating about 2500 seed
samples. There is a capacity for at least 200 cryovats at the NSSL.

For routine storage the choice between using conventional storage
at -18°C or storage at liquid nitrogen temperatures depends on whether 1)
the accession shows damage during initial exposure to liquid nitrogen, 2)
the species produces large seeds (higher cost per sample in liquid
nitrogen), and 3) the longevity characteristics of the species. At this
time of limited resources, we have decided to store seeds with relatively
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high longevities under conventional conditions since the operating costs
of partially full and totally full freezer rooms are similar and the
predicted impact of storage at -18°C and =-160°C will probably not be
realized for many decades.

In addition to studying the effect of temperature on seed longevity,
research at the NSSL (Vertucci and Roos, 1990, 1993; Vertucci et al.,
1994a) and in the UK (Ellis et al., 1989, 1990) investigates the effect
of water content on the storage life of seeds. Both groups have
demonstrated that there are limits to the beneficial effects of seed
drying on longevity and that the moisture content limit varies with the

chemical composition of the seed. Furthermore, work at the NSSL has
shown that drying seeds beyond a critical moisture content can result in
accelerated deterioration at above zero temperatures. Using basic

thermodynamic principles, scientists at the NSSL have established that,
contrary to the 'Thumb Rules' and viability equations, the effects of
storage temperature and water content are not independent. Consequently,
the optimum water content for seed storage varies both with the seed
species and with the temperature of storage. Clearly, there are
insufficient resources to determine the specific optimum moisture content
for each of the 8,000 species represented in the NPGS collection.
However, the thermodynamic principles used by Vertucci and Roos (1990,
1993) and Vertucci et al. (1994a) have enabled us to predict optimum
moisture levels for all orthodox seeds at all storage temperatures based
on a single water activity at 25° (25% relative humidity). This
procedure has eliminated the requirement of determining moisture contents
for each accession and saves approximately two hours of processing time
for each seed sample.

Research of the Plant Germplasm Preservation Research Unit at the
NSSL is also addressing questions on the nature of seed aging under dry
conditions and low temperatures, how the rate of deterioration can be
predicted and efficiently monitored, and how the effects of aging can be
reversed. With this information, we believe that the seeds in the cold-
vaults at the NSSL will be a safely preserved legacy for our great-great
grandchildren.

Preservation of Orthodox Pollen

Pollen from many plant species can be preserved using the same
principles that are used for orthodox seeds (Connor and Towill, 1993).
Preservation of pollen produced from 1long-lived perennial plants is
especially useful for the plant breeder. Pollen storage requires little
space and labor. Like orthodox seeds, preservation of pollen in living
but quiescent collections can serve as a backup for living and growing ex
situ collections (Towill, 1985; Connor and Towill, 1993).

Preservation of Desiccation-Sensitive Propagules

Unlike most biological tissues, orthodox embryos and pollen tolerate
severe dehydration; this ability makes them amenable to storage in
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quiescent collections. Desiccation sensitive tissues cannot be stored at
sub-freezing temperatures without major manipulations because the water
that is necessary for their survival freezes with lethal consequences.
At the NSSL we have developed a number of methods by which tissues can be
exposed to sub-freezing temperatures without lethal ice formation. These
methods involved optimizing the water content and then cooling tissues to
the appropriate temperature at an appropriate rate. Two methods of
handling recalcitrant seed have given results varying from excellent
(>80%) (Vertucci et al., 1991; Wesley-Smith et al., 1992; Vertucci et al.,
1993) to mediocre (30-50%) (Wesley-Smith et al., 1993). Survival rates
depend largely on the seed species and its developmental status. Results
using other propagules are also variable. Survival rates of 0 to 80%
after exposure to liquid nitrogen can be obtained for vegetative buds of
apple (Towill, 1990; Forsline et al., 1993) and apical shoot tips (Towill
and Jarrett, 1992), survival being largely dependent on genetically-
programmed developmental status, genetic constitution, and developmental
stage.

The first method is applicable to those tissues that can survive
water contents as low as 0.3 g H,0/g dw (30% seed moisture) or water
potentials as low as -15 MPa. Survival rates of embryos treated in this
way range from 80 to 100% of control levels. In this method, the moisture
content and temperature are optimized so that both desiccation and
freezing damages are avoided (Vertucci, 1989; Vertucci et al., 1991,
1994b). We and others have shown that the critical moisture content for
desiccation damage increases as temperature is reduced (Ellis et al.,
1991; Vertucci et al., 1994b). Thus, the window of survivable moisture
levels narrows as the storage temperature declines (Vertucci et al., 1991,
1993, 1994b). This method of storage is easy to implement and is not
labor-intensive. We are now adapting this procedure to handle
recalcitrant seeds of various crops (coffee, wild rice, citrus relatives)
and seeds from some .endangered species indigenous to the Continental U.S.
(Zizania texana, Howellia aquatilis).

The second method for preserving recalcitrant seeds is for those
which are extremely sensitive to dehydration and cannot survive water
contents lower than about 0.6 g H,0/g dw (60% seed moisture). Examples
of species we have worked with include Camellia sinensis, Podocarpus
henkii, Artocarpus bheterohyllus, Castanospermum australe, Araucaria
angustifolia, and several citrus related genera (Pammenter et al., 1991;
Wesley-Smith et al., 1992; unpublished data). These materials must be
preserved in the "vitrified" state. We have obtained LN-survival rates
ranging from 30 to 90% of control, depending on the species and
developmental status. Some of the larger embryos remain problematic.

In vitrified samples with high moisture contents, 1lethal ice
crystals do not form even though samples are stored at sub-freezing
temperatures (Fahy et al., 1984). Ice is prevented because the sample was
treated with cryoprotectants and then was cooled at such a fast rate that
ice crystals did not have time to form. The solution in these-samples
becomes a glass.
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There are several steps required for successful cryopreservation
through vitrification (Towill, 1990). First, a stable glass must be
created. This is usually accomplished by loading cells with protectants,
and then adjusting the water content of cells to optimal levels which
limit desiccation damage but encourage glass formation. The sample must
then be cooled appropriately, and this usually means at extremely fast
rates.

The protectants that are used in cryopreservation have two purposes:
1) to prevent cell constituents from denaturation during the desiccation
phase and 2) to stabilize the glass. Research shows that many plant
systems naturally accumulate these protectants during particular
developmental stages. For example, during fall, winter-hardy woody
tissues acclimate and become more tolerant to sub-freezing temperatures.
Also, during maturation, orthodox seeds accumulate massive quantities of
sugars and proteins believed to be protectants against various stresses.
Scientists at the NSSL and elsewhere are studying the mechanisms of
protection with the objective of incorporating these chemicals into
tissues that do not accumulate them naturally. Non-natural protectants
such as dimethyl-sulfoxide (DMSO) and ethylene glycol are also commonly
used.

There are several ways in which tissues can be dried to moisture
levels optimal for vitrification. For example, shoot tips can be soaked
in strong osmotica, which mainly serves to remove water. This method has
been used at NSSL during vitrification procedures of shoot tips. Tissues
can also be dried via the "two-step" cooling process (Sakai and Sugawara,
1978). First, tissues are slowly cooled to about =30°C. This allows
intracellular water to migrate to extracellular spaces where it freezes.
In this way, the intracellular solution is concentrated to an optimum
level. This procedure has been adopted to preserve vegetative apple buds
(Towill, 1990). The optimum level and the rate of water migration are a
function of the species, tissue type, and level of acclimation to low
temperatures.

Another method of drying that is used for embryonic axes excised
from recalcitrant seeds is called "flash" drying (Berjak et al., 1989).
This procedure, developed at NSSL in collaboration with scientists from
South Africa, requires that small pieces of tissues be dried under a rapid
flow of dry gas (Pammenter et al., 1991). Tissues are dried so rapidly
that there is insufficient time for desiccation damage to develop.

once the water content in tissues has been optimized, the tissues
are rapidly cooled in liquid nitrogen. Cooling rates of up to 2000°C/sec
are required to prevent lethal freezing. To achieve these rapid cooling
rates, scientists at the NSSL are plunging capillaries holding minute
tissues into liquid nitrogen or propelling samples into sub-cooled
nitrogen slush using a spring loaded gun (Wesley-Smith et al., 1992).

Vitrified samples must be stored at temperatures where the glass
cannot "melt." This necessitates storage at very low temperatures, either
directly in liquid nitrogen (-196°C) or just above liquid nitrogen (about
-160°C) (Fahy et al., 1984). Thawing cryopreserved samples is also critical
and is usually done rapidly to avoid formation of ice. When samples are
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retrieved from storage, they are grown in culture and then transplanted
or grafted on to existing stocks. The success of a certain
cryopreservation treatment is evaluated by the proportion of propagules
that develop into growing plants.

Examples of Successful Cryopreservation

Successful cryopreservation has been achieved in a number of
different types of organisms. It has been known for about a century that
orthodox seeds could tolerate exposure to liquid nitrogen temperatures
without any loss of viability. The first case of routine storage of seeds
in liquid nitrogen was initiated 16 years ago at the NSSL (Stanwood and
Bass, 1981). As mentioned previously, the desiccation tolerance of seeds
makes them extremely amenable to cryopreservation.

Preservation of spermatozoa from mammals has been routine for
several decades, with survival rates ranging from 50 to 90% depending on
species. Some species (e.g. porcine) continue to be problematic. The
early success of these cryopreservation efforts can be attributed to the
size of the propagule (less than 8 cells) and the degree of
differentiation. The more recent challenge has been to preserve
propagules with thousands of <cells and much larger degrees of
differentiation of the tissues. Successful cryopreservation has been
reported for even larger tissues of plants: shoot tipé by Towill and
Jarrett (1992) and embryonic axes of recalcitrant seeds by Wesley-Smith
et al. (1992).

The recent advances in cryopreserving propagules with several
thousand cells have enabled us to adopt this technology for long-term
preservation of many forms of germplasm. For example, NSSL initiated a
program five years ago to cryopreserve dormant vegetative buds of apple,
and in 1993 this was adopted as a routine preservation procedure. Our
collection now contains over 160 accessions, many of which are sensitive
to fire-blight. Eventually all of the 2,500 apple accessions in the
Geneva orchards will be backed up in the base collection at the NSSL.

THE NATIONAL PLANT GERMPLASM SYSTEM

The Research and Marketing Act of 1946 (Public Law 733) authorized
the creation of four Regional Plant Introduction Stations (Ames, Iowa;
Geneva, New York; Griffin, Georgia; Pullman, Washington) with the mission
to acquire, maintain, evaluate, and distribute germplasm to scientists to
be used for crop improvement. The National Small Grains Collection, now
in Aberdeen, Idaho, began in 1894 as a breeder's collection in Beltsville,
Maryland. The Inter-Regional Potato Introduction Station, Sturgeon Bay,
Wisconsin, was established in 1947. National Clonal Germplasm
Repositories were established in the mid-1980s to provide more systematic
maintenance of vegetatively propagated germplasm. These repositories
grow and maintain the active collection and distribute samples to
scientists worldwide.
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The National Seed Storage Laboratory (NSSL), Fort Collins, Colorado
was established in 1958. The principal mission of NSSL is to preserve the
base collection of the NPGS and to conduct research to develop new and
improvéd technologies for the preservation of seed and other plant
propagules. The goal of NSSL is long-term preservation of backup samples
of all accessions maintained in active collections at national plant
germplasm repositories.

These units have been integrated into a National Plant Germplasm
System (NPGS) (ARS Information Service, 1990; Shands et al., 1989). The
NPGS is a network of cooperating institutions, agencies, and research
units in the Federal, State, and private sectors. The mission of the NPGS
is: "To effectively collect, document, preserve, evaluate, enhance, and
distribute plant genetic resources for continued improvement in the
quality and production of economic crops important to the U.S. and world
agriculture. This is achieved through a coordinated effort by the U.S.
Department of Agriculture in cooperation with other public and private
U.S. and international organizations. Plant genetic resources in the NPGS
are made freely available to all bona fide users for the benefit of
humankind.”

In addition to the active and base collections in NPGS, plant
breeders maintain working collections of plant materials used in their
programs. As cultivars, parental lines, and elite germplasm are
developed, released, and registered, these are entered in the NPGS active
and base collections.

The activities of the NPGS help to provide high-yielding cultivars
to farmers, improve the quality of agricultural and horticultural
products, minimize production costs, reduce dependence on pesticides (thus
enhancing the quality of the environment), and minimize the vulnerability
of agriculturally important germplasm to pests and environmental stresses.

The Germplasm Resource Information Network (GRIN) is the official
database of the NPGS and is currently maintained on a computer in the
National Agricultural Library at Beltsville, Maryland. Data in GRIN are
~ available to any plant scientist or researcher worldwide, either through
a telephone connection to the database or through contact with the curator
for the active collection of the crop.

Plant germplasm collections include older and current crop
cultivarsg, elite breeding lines, landraces of crops that have emerged over
millennia of selection by farmers, wild or weedy plants related to
cultivated crops, and genetic stocks maintained for research.

As accessions propagated by seeds are regenerated or increased at
the repositories, seed samples are divided with part staying in the local
active collection and the other part deposited in the NSSL base
collection. Seed samples received at NSSL are dried, counted, tested for
viability and placed in moisture-resistant containers in sub-zero cold
vaults (-18°C) or stored above liquid nitrogen (~160°C) in cryotanks.
Samples are monitored periodically for viability, and sub-standard samples
are regenerated by the appropriate repository.

Plant germplasm preservation research at NSSL focuses on the
development of new and improved technologies for the long-term
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preservation of all forms of plant germplasm. This research is expected
to increase: 1) the number of species that can be stored at NSSL, 2) the
longevity of the various accessions, and 3) the efficiency of viability
testing of accessions. Longer storage periods and reduced number of field
and/or greenhouse regeneration cycles will result in lower costs and
greater genetic integrity of the germplasm. 1In addition, basic research
will add to our understanding of cryobiology and seed/cell aging through
greater insights into the basic biological/biochemical processes in cells
and their response to desiccation and low temperature stresses. Research
scientists at NSSL work closely with all components of NPGS.

Minimizing genetic change during ex situ preservation is paramount
to retain as much genetic variation as possible for future use. 2 key
first step for seed is to preserve the initial regenerated sample in the
base collection. This regeneration should be done with an appropriate
number of plants under optimum growing conditions to produce high quality
seed. Careful processing and drying are required to maintain high
viability. Storage of dry, high quality seed at sub-zero temperatures can
extend viability for many years before a second regeneration of the base
collection is necessary. When continuing demand on the active collection
occurs, seed from the base collection should be used for every second or
. third regeneration.

The National Plant Germplasm System is the 1largest ex situ
collection of plant genetic resources in the world. A detailed report of
the NPGS history, policies, and architecture is given in Plant Breeding
Reviews (ed. by J. Janick, 1989). Since 1898, about 575,000 accessions
with real or potential economic importance to U.S. agriculture have been
acquired through the Plant Introduction Office. Many of these are among
the more than 415,000 accessions, representing over 8,000 plant species,
that are now preserved in the NPGS (Table 1).

The NPGS has been described as a "user-driven system."” Between 1986
and 1992, the NPGS distributed an average of 175,400 samples each year to
U.S. public scientists (67%), U.S. private industry scientists (12%),
foreign public scientists (9%), foreign private industry scientists (10%),
and international centers and USAID (2%).

INTERNATIONAL COOPERATION AND COORDINATION

The need to preserve, exchange, and utilize plant genetic resources
is now recognized worldwide. Even countries with great genetic diversity
in certain crops are heavily dependent on many crops introduced from other
areas. Because the U.S. has had to import nearly all of its crop
germplasm, the NPGS maintains a very comprehensive germplasm collection
from around the world. The NPGS has been able to assist several countries
recover germplasm of their key crops which had been lost for various
reasons.

Many countries now have genetic resource preservation programs with
an associated gene bank. The NPGS maintains a close working relation with
many of these programs and freely exchanges germplasm.
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Table 1. National Plant Germplasm System Genetic Resources.

Number of

Species Crop Accessions
Arachis hypogaea PEANUT | 7,943
Avena sativa OAT 6,580
Avena sterilis, etc. OAT RELATIVES 13,419
Cajanus cajan PIGEON-PEA 4,156
Capsicum annuum PEPPER 2,313
Carthamus tinctorius SAFFLOWER 2,218
Cicer arietinum CHICKPEA 3,962
Cucumis melo MELON 3,374
Glycine max SOYBEAN 14,316
Gossypium hirsutum COTTON 4,746
Helianthus annuus SUNFLOWER 2,607
Hordeum vulgare BARLEY 28,612
Lens culinaris LENTIL 2,618
Linum usitatissimum FLAX 2,722
Lycopersicon esculentum TOMATO 8,601
Medicago sativa ALFALFA 3,454
Oryza sativa RICE 18,213
Phaseolus vulgaris BEAN 10,448
Pisum sativum PEAS 3,590
Secale cereale RYE 2,618
Solanum tuberosum POTATO 5,486
Sorghum bicolor SORGHUM 34,480
Triticum aestivum WHEAT 34,391
Triticum durum DURUM WHEAT 6,831
vigna unguiculata COWPEA 3,958 "
Zea mays CORN 28,376
Others 155,710




CORE SUBSETS

When a breeder determines that there is inadequate genetic variation
in available germplasm, new accessions are needed that will provide the
highest probability of identifying useful source materials with minimum
screening. Sometimes this can be achieved by obtaining accessions from
an area where the problem has been endemic for many years; e.g., low soil
pH, high altitude with low night temperatures, etc. A list of candidate
accessions can often be generated from GRIN when appropriate information
is in the passport or evaluation database.

In other cases, especially for new pathogen strains or insect
biotypes, searching on database information is of little value. When the
breeder must search within the crop collection for the desired trait, an
initial screening of a smaller, diverse subset may reduce costs. The idea
of developing such a subset was proposed by Frankel (1984) and further
developed by Brown (198%9a,b). A core collection (subset) should contain,
with a minimum of genetic repetitiveness, the diversity of a crop species
and its relatives. Brown (1989b) recommended stratified sampling methods
whereby germplasm accessions are selected from groups based on
geographical origin and genetic characteristics. The remaining accessions
in the crop collection are called the reserve subset. 1In the event the
desired trait is not found by screening the core subset, the reserve
subset will be readily available for additional screenings. The core
subset is suggested to be about 10% of the entire collection, but may be
proportionally larger for small crop collections. In the process of
developing the core subset, it may be noticed that important geographic
areas were not represented in the collection. This will stimulate
additional collection to include those areas. The core subset concept has
gained wide acceptance and core subsets are being developed in many
countries (Erskine and Muehlbauer, 1991; Hodgkin et al., in press).
Crossa et al. (in press) discuss some practical problems of forming a core
subset in maize and present an example.

The core subset will be used for more extensive characterization and
evaluation. These data will be used to establish measures of genetic
distance between accessions (Smith and Smith, 1992; Beer et al., 1993).
The development of core subsets will be a dynamic process whereby similar
accessions will be replaced by those with greater genetic diversity as
pertinent information becomes available.

NPGS is developing a core subset for each of the major crop
collections [e.g., peanut (Holbrook et al., 1993) and annual Medicago
(Diwan et al., 1994)). Once this is implemented, NPGS will have reduced
costs associated with maintaining the reserve subset, and breeders will
be able to screen for new sources of needed genetic traits more
efficiently.

SUMMARY

Because very few crops grown in the U.S. are native, plant
introductions have been vital to our agriculture. The development of a
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comprehensive NPGS for ex situ preservation of plant genetic resources
obtained from centers of diversity around the world has been necessary to
provide scientists with source materials for their programs.

The more than 415,000 accessions maintained by the NPGS include
local landrace collections, improved cultivars, wild crop relatives, and
genetic stocks. The active collection is maintained and distributed by
nineteen national plant germplasm repositories. The base collections for
seed crops are preserved at sub-zero temperatures at the National Seed
Storage Laboratory, Fort Collins, Colorado. Plant genetic resources of
the NPGS are made freely available to all bona fide users for the benefit
of humankind. Between 1986 and 1992, an average of 175,400 samples per
year were distributed worldwide by NPGS.

It is important that genetic changes during ex situ preservation are
minimized. The procedures now used by the NPGS for orthodox seeds include
regenerating a high quality initial sample for the base collection,
carefully drying and storing this base collection sample at sub-zero
temperatures, and using seed from the base collection sample for
regenerating every second or third generation for the active collection.
Improved technologies and new facilities help insure that these valuable
resources will be available in future years with minimum genetic shifts.

The technologies required to preserve genetic resource propagules
in ex situ collections in a living but quiescent form 1is rapidly
developing. In the past decade, there have been major technological
advances which allow us to store 1living organisms in "suspended
animation.” This technology will enable us to store our valuable genetic
resources safely and efficiently.

A core subset consisting of about 10% of each crop collection can
be developed which would still represent most of the genetic diversity of
that crop species and its relatives. The NPGS is identifying and
characterizing a core subset of each major crop to be used for initial
screenings to improve efficiencies of breeders and active collection
curators.

Not only have public and private plant breeders used introduced
germplasm from the NPGS and other sources effectively to produce stress
tolerant and high yielding varieties and hybrids, but also farmers have
ugsed these improved products to increase yields and lower costs so that
the average U.S. family now spends less than 12% of its income for food.
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dasystachyum dasystachyum (Dittberner & Bryant) 78:52-74.

Abies desertorum (Echols & Cuany) 74:83-87.
concolor (Etra & Johnson) 86:93-119. desertorum (Kenny & Cuany) 78:84-100.
concolor (McAdoo & Acordagoitia) 90:204-213. desertorum (Sabey et al.) 86:158-186.
lasiocarpa (Plummer) 76:33-40. desertorum (Schuman) 88:26-44.
lasiocarpa (Dittberner & Bryant) 78:52-74. desertorum (Redente & Biondini) 86:227-244.
lasiocarpa (Jackson) 82:79-105. desertorum (Brown et al.) 92:215-238.
lasiocarpa (Stevens) 80:228-241. elongatum (Echols & Cuany) 74:83-87.
lasiocarpa (Chambers et al.) 84:215-224. elongatum (Dittberner & Bryant) 78:52-74.
lasiocarpa (Brown et al.) 88:147-172. elongatum (Schuman) 88:26-44.
lasiocarpa (Williams & Marvel) 90:173-203. intermedium (Berg) 74:31-35.
lasiocarpa (Williams & Marvel) 90:173-203. intermedium (Cuany) 74:44-54.
lasiocarpa (Ferchau) 92:7-25. intermedium (Eaman) 74:39-43.
lasiocarpa (Anderson & Grant) 92:285. intermedium (Echols & Cuany) 74:83-87.
magnifica (Etra & Johnson) 86:93-119. intermedium (Brown et al.) 76:58-73.

Acaulospora scrobiculata (Williams et al.) 84:78-89. intermedium (Hassell) 80:153-172.

Acer intermedium (Richardson) 80:101-112.
circinatum (Stranathan) 92:111-121. intermedium (Etra et al.) 84:59-77.
glabrum glabrum (Dittberner & Bryant) 78:52-74. intermedium (Etra & Johnson) 86:93-119.
grandidentatum (Brown et al.) 83:147-172. intermedium (Sabey et al.) 86:158-186.
negundo (Dittberner & Bryant) 78:52-74. intermedium (Buckner) 92:257-272.
saccharum (Swanson) 76:54-57. : intermedium trichophorum (Richardson) 80:101-112.

Achillea latiglume (Marr et al.) 74:10-23.
atrata (Urbanska & Hasler) 92:247-253. latiglume (Guillaume) 80:185-203.
borealis (Johnson & Kubanis) 80:16-29. latiglume (Walker) 82:195-200.
lanulosa (Nishimura) 74:5-9. latiglume (Cuany) 82:12-28.
lanulosa (Marr et al.) 74:10-23. latiglume (Guillaume et al.) 86:131-141.
lanulosa (Groeneveld & O’Boyle) 78:142-153. macrourum (Mitchell) 78:101-115.
lanulosa (Jackson) 82:79-105. macrourum (Etra et al.) 84:59-77.
lanulosa (Keammerer) 88:69-78. pectinatiforme (Wright) 88:192-229.
lanulosa (Keigley) 88:129-138. repens (Dittberner & Bryant) 78:52-74.
millefolium (Hendzel) 76:102-107. riparium (Echols & Cuany) 74:83-87.
millefolium (Chambers et al.) 84:215-224. rparium (Berg) 74:31-35.
millefolium (Williams & Marvel) 90:173-203. riparium (Kenny & Cuany) 78:84-100.
millefolium (Williams & Marvel) 90:173-203. riparium (Mitchell) 78:101-115.
millefolium (Buckner & Marr) 88:273-290. riparium (Gregg) 76:92-101.
millefolium (Mohr) 92:88-104. riparium (Hassell) 80:153-172.
millefolium (Stranathan) 92:111-121. riparium (Redente & Biondini) 86:227-244.
millefolium lanulosa (Dittberner & Bryant) 78:52-74. riparium (Schuman) 88:26-44.
sibirica (Johnson & Kubanis) 80:16-29. riparium (Klco) 90:92-97.
spp. (Insam) 88:139-146. scribneri (Brown & Johnston) 78:116-130.

Aconitum napellus (Milstein & Milstein) 76:41-53. scribneri (Brown et al.) 76:58-73.

Adenostoma fasciculatum (Barnes) 90:107-117. scribneri (Guillaume) 80:185-203.

Agoseris scribneri (Cuany) 82:12-28.
aurantiaca (Williams & Marvel) 90:173-203. scribneri (Guillaume et al.) 86:131-141.
aurantiaca (Williams & Marvel) 90:173-203. scribneri (Brown et al.) 84:200-214.
glauca (Marr et al.) 74:10-23. scribneri (Chambers et al.) 84:215-224,
glauca (Chambers et al.) 84:215-224. scribneri (Keammerer) 88:69-78.
glauca (Buckner & Marr) 88:273-290. sibiricum (Echols & Cuany) 74:83-87.
glauca (Keammerer) 88:69-78, smithii (Echols & Cuany) 74:83-87.
glauca (Williams & Marvel) 90:173-203. smithii (Berg) 74:31-35.
glauca (Williams & Marvel) 90:173-203. smithii (Gregg) 76:92-101.
glauca glauca (Dittberner & Bryant) 78:52-74. smithii (Stranathan) 78:75-81.

Agropyron smithii (Dittbemer & Bryant) 78:52-74.
caninum caninum (Dittberner & Bryant) 78:52-74. smithii (Kenny & Cuany) 78:84-100.
caninum majus (Dittberner & Bryant) 78:52-74. smithii (Richardson) 80:101-112.
cristatum (Echols & Cuany) 74:83-87. smithii (Riley et al.) 84:161-169.
cristatum (Dittberner & Bryant) 78:52-74. : smithii (Etra et al.) 84:59-77.
cristatum (Hendzel) 76:102-107. smithii (Schuman) 88:26-44,
cristatum (Richardson) 80:101-112. smithii (Redente & Biondini) 86:227-244.
cristatum (Walker) 82:195-200. smithii (Brown et al.) 92:215-238.
cristatum (Klco) 90:92-97. spicatum (Echols & Cuany) 74:83-87.
dasystachyum (Echols & Cuany) 74:83-87. spicatum (Dittberner & Bryant) 78:52-74.
dasystachyum (Hendzel) 76:102-107. spicatum (Mitchell) 78:101-115.
dasystachyum (Kenny & Cuany) 78:84-100. spicatum (Hendzel) 76:102-107.
dasystachyum (Groeneveld & O’Boyle) 78:142-153. spicatum (Walker) 82:195-200.
dasystachyum (Walker) 82:195-200. spicatum (Ericson) 82:201.
dasystachyum (Schuman) 88:26-44. subsecundum (Cuany) 74:44-54.
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subsecundum (Hendzel) 76:102-107.
subsecundum (Hassell) 80:153-172.
subsecundum (Walker) 82:195-200.
subsecundum (Etra et al.) 84:59-77.
subsecundum (Wright) 88:192-229.
trachycaulum (Berg) 74:31-35.
trachycaulum (Cuany) 74:44-54.
trachycaulum (Eaman) 74:39-43.
trachycaulum (Echols & Cuany) 74:83-87.
trachycaulum (Brown & Johnston) 78:116-130.
trachycaulum (Mitchell) 78:101-115.
trachycaulum (Gregg) 76:92-101.
trachycaulum (Brown et al.) 76:58-73.
trachycaulum (Hendzel) 76:102-107.
trachycaulum (Kenny & Cuany) 78:84-100.
trachycaulum (Hassell) 80:153-172.
trachycaulum (Cuany) 82:12-28.
trachycaulum (Etra et al.) 84:59-77.
trachycaulum (Walker) 82:195-200.
trachycaulum (Jackson) 82:79-105.
trachycaulum (Brown et al.) 84:200-214.
trachycaulum (Williams et al.) 84:78-89.
trachycaulum (Chambers et al.) 84:215-224.
trachycaulum (Etra & Johnson) 86:93-119.
trachycaulum (Sabey et al.) 86:158-186.
trachycaulum (Keammerer) 88:69-78.
trachycaulum (Schuman) 88:26-44.
trachycaulum (Klco) 90:92-97.
trachycaulum (Williams & Marvel) $0:173-203.
trachycaulum (Buckner & Marr) 88:273-290.
trachycaulum (Williams & Marvel) 90‘:| 173-203.
trachycaulum (Stewart-Laing) 88:298-303. -
trichophorum (Eaman) 74:39-43.
trichophorum (Echols & Cuany) 74:83-87.
trichophorum (Berg) 74:31-35.
trichophorum (Hassell) 80:153-172.
trichophorum (Etra & Johnson) 86:93-119.
trichophorum (Schurman) 88:26-44.
trichophorum (Sabey et al.) 86:158-186.
trichophorum (Barnes) 90:107-117.
trichophorum (Brown et al.) 92:215-238.
violaceum (Mitchell) 78:101-115.
violaceum (Wright) 88:192-229.
yukonense (Wright) 88:192-229.

Agrostis
alba (Kenny & Cuany) 78:84-100.
alba (Guillaume) 80:185-203.

" alba (Jackson) 82:79-105.

alba (Keammerer) 88:69-78.
alba (Guillaume et al.) 86:131-141.
alba (Trlica & Brown) 92:50-82.
exarata (Stranathan) 92:111-121.
gigantea (Urbanska) 88:115-128.
gigantea (Peters) 90:98-106.
humilus (Jackson) 82:79-105.
idahoensis (Richardson) 80:101-112.
palustris (Kenny & Cuany) 78:84-100.
palustris (McGinnity) 92:286-294.
rupestris (Urbanska & Hasler) 92:247-253.
scabra (Walker) 82:195-200.
scabra (Keammerer) 88:69-78.
scabra (Stranathan) 92:111-121.
schraderiana (Urbanska) 86:214-226.
thurberiana (Williams & Marvel) 90:173-203.
thurberiana (Williams & Marvel) 90:173-203.
variabilis (Williams & Marvel) 90:173-203.
variabilis (Williams & Marvel) 90:173-203.
variabilis (Stranathan) 92:111-121.

Allium
brevistylum (Williams & Marvel) 90:173-203.
brevistylum (Williams & Marvel) 90:173-203.
spp. (Hassell) 80:153-172.

Alnus
spp. (Marr) 80:1-15.
tenuifolia (Ronco) 76:13-28.

Alopecurus
arundinacea (Hassell) 80:153-172.

-246-

arundinaceus (Berg) 74:31-35.
arundinaceus (Echols & Cuany) 74:83-87.
arundinaceus (Mitchell) 78:101-115.
arundinaceus (Kenny & Cuany) 78:84-100.
arundinaceus (Richardson) 80:101-112.
arundinaceus (Guillaume) 80:185-203.
arundinaceus (Jackson) 82:79-105.
arundinaceus (Guillaume et al.) 86:131-141.
arundinaceus (Trlica & Brown) 92:50-82.
geniculatus (Wright) 88:192-229.
pratensis (Echols & Cuany) 74:83-87.
pratensis (Berg) 74:31-35.
pratensis (Mitchell) 78:101-115.
pratensis (Hendzel) 76:102-107.
pratensis (Kenny & Cuany) 78:84-100.
pratensis (Gregg) 76:92-101.
pratensis (Brown et al.) 76:58-73.
pratensis (Brown & Johnston) 78:116-130.
pratensis (Jackson) 82:79-105.
pratensis (Hall) 82:110-113.
pratensis (Williams et al.) 84:78-89.
pratensis (Keammerer) 88:69-78.
pratensis (Trlica & Brown) 92:50-82.
spp. (Cuany) 76:110-116.
Amelanchier
alnifolia (Stranathan) 78:75-81.
alnifolia (Hassell) 80:153-172.
alnifolia (Crofts & Carlson) 82:58-78.
alnifolia (Carlson) 86:122-130.
alnifolia (Mackey) 84:148-160.
alnifolia (Lance) 84:194-199.
alnifolia (Agnew & Humphries) 90:65-72.
alnifolia florida (Carlson et al.) 82:174-189.
Amsinckia spp. (Johnson & Kubanis) 80:16-29.
Anaphalis
margaritacea (Carlson et al.) 82:174-189.
margaritacea (Keigley) 88:129-138.
margaritacea (Keammerer) 88:69-78.
margaritacea (Stranathan) 92:111-121.
Andropogon hallii (Mackey) 92:83-87.
Androsace
septentrionalis (Marr et al.) 74:10-23.
septentrionalis (Guillaume) 80:185-203.
septentrionalis (Chambers et al.) 84:215-224.
septentrionalis (Guillaume et al.) 86:131-141.
septentrionalis (Chambers et al.) 88:173-191.
septentrionalis (Williams & Marvel) 90:173-203.
septentrionalis (Williams & Marvel) 90:173-203.
septentrionalis (Buckner & Marr) 88:273-290.
Anemone
pulsatilla (Milstein & Milstein) 76:41-53.
spp. (Guillaume) 80:185-203.
Angelica
grayi (Buckner & Marr) 88:273-290..
pinnata (Williams & Marvel) 90:173-203.
pinnata (Williams & Marvel) 90:173-203.

Antennaria

alpina (Marr et al.) 74:10-23.

alpina (Stranathan) 92:111-121.

lanata (Brown et al.) 76:58-73.

parvifolia (Keammerer) 88:69-78:

parvifolia (Keigley) 88:129-138.

rosea (Marr et al.) 74:10-23.

rosea (Guillaume) 80:185-203.

rosea (Jackson) 82:79-105.

rosea (Guillaume et al.) 86:131-141.

rosea (Keigley) 88:129-138.

rosea (Williams & Marvel) 90:173-203.

rosea (Williams & Marvel) 90:173-203.

rosea (Buckner & Marr) 88:273-290.

spp. (Chambers et al.) 84:215-224.
Aquilegia

alpina (Milstein & Milstein) 76:41-53.

barnebyi (Hassell) 80:153-172.

barnebyi (Barker et al.) 86:66-74.

caerulea (Milstein & Milstein) 76:41-53.

caerulea (Buckner) 78:17-22.



caerulea (Jackson) 82:79-105.

caerulea (Williams & Marvel) 90:173-203.

spp. (Gregg) 76:92-101.

vulgaris (Milstein & Milstein) 76:41-53.
Arabis

confinis (Williams & Marvel) 90:173-203.

drummondii (Keammerer) 88:69-78.

hirsuta (Johnson & Kubanis) 80:16-29.

pumila (Urbanska & Hasler) 92:247-253.

spp. (Chambers et al.) 84:215-224.
Arctagrostis

latifolia (Mitchell) 78:101-115.

latifolia (Komarkova & Webber) 80:38-64.

latifolia (Johnson & Kubanis) 80:16-29.

latifolia (Bliss) 80:65-78.

latifolia (Mitchell) 82:122-127.

latifolia (Etra et al.) 84:59-77.

spp. (Cuany) 82:12-28.
Arctophila fulva (Wright) 88:192-229.
Arctostaphylos

nevadensis (Etra & Johnson) 86:93-119.
patula (Carlson) 86:122-130.

patula (Etra & Johnson) 86:93-119.
rubra (Walker & Harrison) 86:204-213.
spp. (Johnson & Kubanis) 80:16-29.
uva-ursi {Ronco) 76:13-28.

uva-ursi (Milstein & Milstein) 76:41-53.
uva-ursi (Jackson) 82:79-105.

uva-ursi (Keigley) 88:129-138.

Arenaria

)

fendleri (Guillaume) 80:185-203.

nuttallii hookerit (Williams & Marvel) 90:173-203.
obtusiloba (Bliss) 80:65-78.

obtusiloba (Guillaume) 80:185-203.

obtusiloba (Chambers et al.) 84:215-224.
obtusiloba (Chambers et al.) 88:173-191.

rubella (Chambers et al.) 84:215-224.

Amica

cordifolia (Jackson) 82:79-10S5.
cordifolia (Stevens) 80:228-241.
cordifolia (Williams & Marvel) 90:173-203.
cordifolia (Stranathan) 92:111-121.
latifolia (Chambers et al.) 84:215-224.
latifolia (Stranathan) 92:111-121.
longifolia (Chambers et al.) 84:215-224.
mollis (Marr et al.) 74:10-23.

mollis (Williams & Marvel) 90:173-203.
parryi (Williams & Marvel) 90:173-203.
rydbergii (Chambers et al.) 84:215-224.

Artemisia

abrotanum (Swanson) 76:54-57.
arbuscula (McAdoo & Acordagoitia) 90:204-213.
arbuscula (Buckner) 92:257-272.
arbuscula (Stranathan) 92:111-121.
arbuscula nova (Stranathan) 78:75-81.
arctica (Guillaume) 80:185-203.

arctica (Stevens) 80:228-241.

arctica (Guillaume et al.) 86:131-141.
arctica (Buckner & Marr) 88:273-290.
borealis (Keigley) 88:129-138.

cana (Ronco) 76:13-28.

cana (Agnew & Humphries) 90:65-72.
cana (Buckner) 92:257-272.

carruthii (Ronco) 76:13-28.

frigida (Plummer) 76:33-40.

frigida (Ronco) 76:13-28.

frigida (Dittberner & Bryant) 78:52-74.
frigida (Stranathan) 78:75-81.

frigida (Carlson) 86:122-130.

frigida (Klco) 90:92-97.

ludoviciana (Dittberner & Bryant) 78:52-74.
ludoviciana (Hassell) 80:153-172.
ludoviciana (Carlson) 86:122-130.
ludoviciana (Keigley) 88:129-138.
norvegica saxatilis (Nishimura) 74:5-9.
nova (Brown et al.) 92:215-238.
scopulorum (Marr et al.) 74:10-23.
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scopulorum (Stevens) 80:228-241.
scopulorum (Chambers et al.) 84:215-224.
scopulorum (Chambers et al.) 88:173-191.
scopulorum (Williams & Marvel) 90:173-203.
spp. (Stranathan) 78:75-81.

spp. (Crofts & Carlson) 82:58-78.

tilesii (Wright) 88:192-229.

tilesii (Hassell & Stranathan) 90:229-232.
tridentata (Ronco) 76:13-28.

tridentata (Plummer) 76:33-40.

tridentata (Hassell) 80:153-172.

tridentata (Carlson) 86:122-130.

tridentata (Mackey) 84:148-160.

tridentata (Redente & Biondini) 86:227-244.
tridentata (Keammerer) 88:69-78.

tridentata (Agnew & Humphries) 90:65-72.
tridentata (McAdoo & Acordagoitia) 90:204-213.
tridentata (Brown et al.) 92:215-238.
tridentata (Stranathan) 92:111-121.

tridentata rothrockii (Plummer) 76:33-40.

tridentata tridentata (Buckner) 92:257-272.
tridentata vaseyana (Plummer) 76:33-40.

tridentata vaseyana (McAdoo & Acordagoitia) 90:204-213.

tridentata vaseyana (Buckner) 92:257-272.
Aster

bigelovii (Jackson) 82:79-105.

chilensis (Dittberner & Bryant) 78:52-74.

ericoides (Dittberner & Bryant) 78:52-74.

foliaceus apricus (Marr et al.) 74:10-23.

foliaceus apricus (Buckner & Marr) 88:273-290.

foliaceus apricus (Williams & Marvel) 90:173-203.

hesperius (Dittberner & Bryant) 78:52-74.
laevis (Stranathan) 92:111-121.
spp. (Stranathan) 78:75-81.
spp. (Hassell) 80:153-172.
Astragalus
alpinus (Flueler & Hasler) 90:228.
cicer (Townsend) 74:36-38.
cicer (Berg) 74:31-35.
cicer (Echols & Cuany) 74:83-87.
cicer (Kenny & Cuany) 78:84-100.
cicer (Hassell) 80:153-172.
cicer (Guillaume) 80:185-203.
cicer (Jackson) 82:79-105.
cicer (Etra et al.) 84:59-77.
cicer (Williams et al.) 84:78-89.
cicer (Carlson) 86:122-130.
cicer (Guillaume et al.) 86:131-141.
cicer (Klco) 90:92-97.
cicer (Buckner) 92:257-272.
crassicarpus (Klco) 90:92-97.
falcatus (Townsend) 74:36-38.
galegiformis (Townsend) 74:36-38.
lutosus (Hassell) 80:153-172.
spp. (Stranathan) 78:75-81.
spp. (Cuany) 82:12-28.
striatus (Townsend) 74:36-38.
Atriplex
canescens (Stranathan) 78:75-81.
canescens (Riley et al.) 84:161-169.
canescens (Lance) 84:194-199.
canescens (Mackey) 84:148-160.
canescens (Schuman) 88:26-44.
canescens (Klco) 90:92-97.
canescens (Brown et al.) 92:215-238.
confertifolia (Mackey) 84:148-160.
confertifolia (Brown et al.) 92:215-238.
hortensis (Dittberner & Bryant) 78:52-74.
nuttallii (Dittberner & Bryant) 78:52-74.
nuttallii (Schuman) 88:26-44.
Avenella flexuosa (Wilhalm) 90:238-239.
Balsamorhiza saggitata (Mohr) 92:88-104.
Bassia hyssopifolia (Dittberner & Bryant) 78:52-74.
Beckmannia
syzigachne (Wright) 88:192-229.
syzigachne (Hassell & Stranathan) 90:229-232.



Betula
glandulosa (Ronco) 76:13-28.
glandulosa (Johnson & Kubanis) 80:16-29.
glandulosa (Stevens) 80:228-241.
nana (Johnson & Kubanis) 80:16-29.
nana (Bliss) 80:65-78.
occidentalis (Ronco) 76:13-28.
papyrifera (Johnson & Kubanis) 80:16-29.
papyrifera (Long & Ellis) 86:245-258.
papyrifera (Peters) 90:98-106.
sp. (Marr) 80:1-15.
Biscutella levigata (Urbanska) 86:214-226.
Bistorta
bistortoides (Marr et al.) 74:10-23.
bistortoides (Swanson) 76:54-57.
bistortoides (Buckner & Marr) 88:273-290.
Bouteloua
curtipendula (Fifield) 92:133-149.
gracilis (Klco) 90:92-97.
Brassica juncea (Johnson & Kubanis) 80:16-29.
Bromus
anomalus (Hassell) 80:153-172.
biebersteinii (Echols & Cuany) 74:83-87.
biebersteinii (Eaman) 74:39-43.
biebersteinii (Hassell) 80:153-172.
biebersteinii (Etra et al.) 84:59-77.
carinatus (Hendzel) 76:102-107.
carinatus (Carlson) 86:122-130.
ciliatus (Keammerer) 88:69-78.
erectus (Hendzel) 76:102-107.
erectus (Sabey et al.) 86:158-186. -
frondosus (Hassell) 80:153-172.
inermis (Echols & Cuany) 74:83-87.
inermis (Cuany) 74:44-54.
inermis (Berg) 74:31-35.
inermis (Eaman) 74:39-43.
inermis (Hendzel) 76:102-107.
inermis (Mitcheil) 78:101-115.
inermis (Kenny & Cuany) 78:84-100.
inermis (Brown et al.) 76:58-73.
inermis (Gregg) 76:92-101.

inermis (Groeneveld & O'B'oy.l_e') 78:142:153,

inermis (Brown & Johnston) 78:116-130.
inermis (Richardson) 80:101-112.
inermis (Hassell) 80:153-172.

inermis (Guillaume) 80:185-203.

inermis (Jackson) 82:79-105.

inermis (Hall) 82:110-113.

inermis (Etra et al.) 84:59-77.

inermis (Williams et al.) 84:78-89.
inermis (Etra & Johnson) 86:93-119.
inermis (Chambers et al.) 84:215-224.
inermis (Keammerer) 88:69-78.

inermis (Schuman) 88:26-44,

inermis (Sabey et al.) 86:158-186.
inermis (Guillaume et al.) 86:131-141.
inermis (McAdoo & Acordagoitia) 90:204-213.
inermis (Trlica & Brown) 92:50-82.
inermis (Fifield) 92:133-149.

marginatus (Cuany) 74:44-54.
marginatus (Berg) 74:31-35.

marginatus (Echols & Cuany) 74:83-87.
marginatus (Eaman) 74:39-43.
marginatus (Kenny & Cuany) 78:84-100.
marginatus (Hassell) 80:153-172.
marginatus (Jackson) 82:79-105.
marginatus (Ericson) 82:201.

marginatus (Etra & Johnson) 86:93-119.
marginatus (Keammerer) 88:69-78.
marginatus (Stranathan) 92:111-121.
mollis (Kay) 78:182-204.

mollis (Kay) 84:170-181.

mollis (Barnes) 90:107-117.

polyanthus (Hassell) 80:153-172.
pumpellianus (Mitchell) 78:101-115.
pumpellianus dicksonii (Etra et al.) 84:59-77.
rubens (Barnes) 90:107-117.
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spp. (Cuany) 82:12-28.

tectorum (Brown et al.) 92:215-238.

vulgaris (Stranathan) 92:111-121.
Bupleurum americanum (Chambers et al.) 84:215-224.
Calarnagrostis

breweri (Billings) 78:1-16.

breweri (Stranathan) 92:111-121.

canadensis (Mitchell) 78:101-115.

canadensis (Johnson & Kubanis) 80:16-29.

canadensis (Bliss) 80:65-78.

canadensis (Mitchell) 82:122-127.

canadensis (Cuany) 82:12-28.

canadensis (Etra et al.) 84:59-77.

canadensis (Wright) 88:192-229.

canadensis (Keammerer) 88:69-78.

canadensis (Stranathan) 92:111-121.

inexpansa (Wright) 88:192-229.

purpurascens (Walker) 82:195-200.

purpurascens (Chambers et al.) 84:215-224.

purpurascens (Williams & Marvel) 90:173-203.

stricta (Keammerer) 88:69-78.
Calamovilfa longifolia (Mackey) 92:83-87.
Calluna vulgaris (Milstein & Milstein) 76:41-53.
Calochortus .

catalinae (Milstein & Milstein) 76:41-53.

nuttallii (Milstein & Milstein) 76:41-53.
Caltha

leptosepala (Stevens) 80:228-241.

leptosepala (Williams & Marvel) 90:173-203.
Campanula

carpatica (Milstein & Milstein) 76:41-53.

cochleariifolia (Tschurr) 90:234-237.

parryi (Jackson) 82:79-105.

rotundifolia (Milstein & Milstein) 76:41-53.

rotundifolia (Groeneveld & O’Boyle) 78:142-153.
Capsella

bursa-pastoris (Mitchell) 78:101-115.

bursa-pastoris (Johnson & Kubanis) 80:16-29.
Carex

aquatilis (Bliss) 80:65-78.

aquatilis (Emerick et al.) 88:106-114.

aquatilis (Keammerer) 88:69-78.

aquatilis (Williams & Marvel) 90:173-203.

aquatilis stans (Komarkova & Webber) 80:38-64.

atrata (Guillaume et al.) 86:131-141.

atrata (Williams & Marvet) 90:173-203.

atrata chalciolepis (Guillaume) 80:185-203.

bigelowii (Bliss) 80:65-78.

bigelowii (Johnson & Kubanis) 80:16-29,

douglasii (Buckner) 92:257-272.

drummondii (Chambers et al.) 84:215-224,

ebenea (Marr et al.) 74:10-23.

ebenea (Guillaume) 80:185-203.

ebenea (Guillaume et al.) 86:131-141.

ebenea (Keamimerer) 88:69-78.

ebenea (Buckner & Marr) 88:273-290.

elynoides (Bliss) 80:65-78.

exserta (Billings) 78:1-16.

exserta (Stranathan) 92:111-121.

firma (Urbanska) 88:115-128.

firma (Urbanska) 86:214-226.

geyeri (Jackson) 82:79-105.

haydeniana (Chambers et al.) 84:215-224.

haydeniana (Stranathan) 92:111-121.

macloviana (Williams & Marvel) 90:173-203.

mariposana (Stranathan) 92:111-121.

microptera (Chambers et al.) 84:215-224.

microptera (Stranathan) 92:111-121.

misandra (Keigley) 88:129-138.

nardina (Bliss) 80:65-78.

nardina hepburnii (Williams & Marvel) 90:173-203.

nebraskensis (Jackson) 82:79-105.

nigricans (Chambers et al.) 84:215-224.

nova (Keigley) 88:129-138.

nova (Williams & Marvel) 90:173-203.

paysonis (Brown et al.) 76:58-73.

paysonis (Brown et al.) 84:200-214.



paysonis (Chambers et al.) 84:215-224.
paysonis (Brown et al.) 88:147-172.
phaeocephala (Chambers et al.) 84:215-224.
phaeocephala (Stranathan) 92:111-121.
pyrenaica (Chambers et al.) 84:215-224.
raynoldsii (Williams & Marvel) 90:173-203.
rossii (Stranathan) 92:111-121.
rostrata (Williams & Marvel) 90:173-203.
rupestris (Bliss) 80:65-78.
rupestris (Stevens) 80:228-241.
rupestris (Urbanska) 86:214-226.
scirpoidea (Johnson & Kubanis) 80:16-29.
scirpoidea (Chambers et al.) 84:215-224.
scopulorum (Stevens) 80:228-241.
scopulorum (Keigley) 88:129-138.
sempervirens (Urbanska) 88:115-128.
spp. (Everett) 80:30-37.
spp. (Carlson) 86:122-130.
spp. (Etra & Johnson) 86:93-119.
spp. {Keammerer) 88:69-78.
stans (Bliss) 80:65-78.
straminiformis (Stranathan) 92:111-121.
utriculata (Stranathan) 92:111-121.
Castenopsis sempervirens (Etra & Johnson) 86:93-119.
Castilleja
chromosa (Milstein & Milstein) 76:41-53.
indivisa (Milstein & Milstein) 76:41-53.
integra (Milstein & Milstein) 76:41-53.
lineariaefolia (Milstein & Milstein) 76:41-53.
miniata (Milstein & Milstein) 76:41-53.
miniata (Jackson) 82:79-105. -
occidentalis (Marr et al.) 74:10-23.
occidentalis (Buckner & Marr) 88:273-290.
pulchella (Chambers et al.) 84:215-224.
rhexifolia (Williams & Marvel) 90:173-203.
spp. (Guillaume) 80:185-203.
spp. (Hassell) 80:153-172.
spp. (Jackson) 82:79-105.
spp. (Guillaume et al.) 86:131-141.
sulphurea (Dittberner & Bryant) 78:52-74.
sulphurea (Jackson) 82:79-105.
sulphurea (Williams & Marvel) 90:173-203.
Ceanothus
cordulatus (Etra & Johnson) 86:93-119.
fendleri (Ronco) 76:13-28.
prostratus (Etra & Johnson) 86:93-119.
prostratus (Carlson) 86:122-130.
spp. (Cuany) 76:110-116.
spp. (Berg & Barrau) 78:174-181.
velutinus (Carlson) 86:122-130.
Cenococcum
graniforme (Reid & Grossnickle) 78:131-141.
spp. (Williams et al.) 84:78-89.
Cerastium ’
arvense (Marr et al.) 74:10-23.
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compressa (Brown & Johnston) 78:116-130.
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virginiana (Stranathan) 78:75-81.
virginiana (Hassell) 80:153-172.
virginiana (Crofts & Carlson) 82:58-78.
virginiana (Lance) 84:194-199.
virginiana (Agnew & Humphries) 90:65-72.
virginiana (McAdoo & Acordagoitia) 90:204-213.
virginiana melanocarpa (Ronco) 76:13-28.
virginiana melanocarpa (Mohr) 92:88-104.
Pseudomonas paucimobilis (Brierley) 90:138-143.
Pseudoroegneria
spicata (Carlson) 86:122-130.
spicata (Hassell & Stranathan) 90:229-232.
spicata (Stranathan) 92:111-121.
Puccinellia grandis (Mitchell) 78:101-115.
Purshia
glandulosa (Cuany) 76:110-116.
tridentata (Ronco) 76:13-28.
tridentata (Stranathan) 78:75-81.
tridentata (Carlson) 86:122-130.
tridentata (Mackey) 84:148-160.
tridentata (Etra & Johnson) 86:93-119.
tridentata (McAdoo & Acordagoitia) 90:204-213.
tridentata (Klco) 90:92-97.
tridentata (Stranathan) 92:111-121.
tridentata (Mohr) 92:88-104.
tridentata (Buckner) 92:257-272.
Quercus
dumosa (Barnes) 90:107-117.
durata (Barnes) 90:107-117.
gambelii (Ronco) 76:13-28.
gambelii (Crofts & Carlson) 82:58-78.
gambelii (Lance) 84:194-199.
gambelii (Mackey) 84:148-160.
gambelii (Agnew & Humphries) 90:65-72.
lobata (Bames) 90:107-117.
vaccinifolia (Etra & Johnson) 86:93-119.
wislizinii (Barnes) 90:107-117.
Ranunculus
adoneus (Buckner & Marr) 88:273-290.
alismaefolius (Marr et al.) 74:10-23.
montanus (Urbanska) 86:214-226.
Rhamnus smithii (Hassell) 80:153-172.
Rhizobia (Spiva) 78:154-156.
Rhizobium
(Johnson) 80:173-184.
(Berg & Barrau) 78:174-181.
trifolii (Williams et al.) 84:78-89.

Rhododendron ferrugineum (Milstein & Milstein) 76:41-53.

Rhus
trilobata (Ronco) 76:13-28.
trilobata (Stranathan) 78:75-81.
trilobata (Hassell) 80:153-172.
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trilobata (Klco) 90:92-97.
Ribes
aureum (Klco) 90:92-97.
aureum (Agnew & Humphries) 90:65-72.
cereum (Ronco) 76:13-28.
cereum (Jackson) 82:79-105.
cereum (Klco) 90:92-97.
cereum (Mohr) 92:88-104.
coloradense (Jackson) 82:79-105.
inerme (Ronco) 76:13-28.
inerme (Groeneveld & O’Boyle) 78:142-153.
inerme (Jackson) 82:79-105.
lacustre (Ronco) 76:13-28.
lacustre (Stranathan) 92:111-121.
leptanthum (Lance) 84:194-199.
montigenum (Plummer) 76:33-40.
montigenum (Ronco) 76:13-28.
montigenum (Cuany) 76:110-116.
montigenum (Stevens) 80:228-241.
montigenum (Williams & Marvel) 90:173-203.
montigenum (Stranathan) 92:111-121.
spp. (Stranathan) 78:75-81.
spp. (Hassell) 80:153-172.
spp. (Williams et al.) 84:78-89.
Rorippa spp. (Johnson & Kubanis) 80:16-29.
Rosa
acicularis (Ronco) 76:13-28.
acicularis (Johnson & Kubanis) 80:16-29.
foetida (Swanson) 76:54-57.
nutkana (Carlson et al.) 82:174-189.
spp. (Hassell) 80:153-172.
spp. (Crofts & Carison) 82:58-78.
woodsii (Ronco) 76:13-28.
woodsii (Cuany) 76:110-116.
woodsit (Milstein & Milstein) 76:41-53.
woodsii (Jackson) 82:79-105.
woodsii (Keigley) 88:129-138.
woodsii (Agnew & Humphries) 90:65-72.
woodsii (Mohr) 92:88-104.
woodsii ultramontana (Plummer) 76:33-40.
Rubus
idaeus (Keammerer) 88:69-78.
idaeus (Stranathan) 92:111-121.
idaeus sachalinensis (Plummer) 76:33-40.
parviflorus (Ronco) 76:13-28.
strigosus (Nishimura) 74:5-9.
strigosus (Ronco) 76:13-28.
- strigosus (Jackson) 82:79-105.
ursinus (Carlson et al.) 82:174-189.
Rumex
acetosa (Johnson & Kubanis) 80:16-29.
acetosella (Jackson) 82:79-105.
crispus (Jackson) 82:79-105.
paucifolius (Chambers et al.) 84:215-224.
salicifolius (Keammerer) 88:69-78.
spp. (Guillaume) 80:185-203.
spp. (Guillaume et al.) 86:131-141.
spp. (Buckner) 92:257-272.
Salix
alaxensis (Everett) 80:30-37.
alaxensis (Long & Ellis) 86:245-258.
alaxensis (Wright) 88:192-229.
alaxensis (Hassell & Stranathan) 90:229-232.
alaxensis alaxensis (Komarkova & Webber) 80:38-64.
alba (Swanson) 76:54-57.
arctica (Chambers et al.) 84:215-224.
arctica (WalKer & Harrison) 86:204-213.
barclayi (Long & Ellis) 86:245-258.
barclayi (Wright) 88:192-229.
* barclayi (Hassell & Stranathan) 90:229-232.
bebbiana (Ronco) 76:13-28.
bebbiana (Hassell & Stranathan) 90:229-232.
brachycarpa (Stevens) 80:228-241.
brachycarpa (Wright) 88:192-229.
brachycarpa (Keammerer) 88:69-78.
brachycarpa (Hassell & Stranathan) 90:229-232.
drummondiana (Keammerer) 88:69-78.



glauca (Bliss) 80:65-78.
glauca (Stevens) 80:228-241.
glauca (Long & Ellis) 86:245-258.

glauca glauca (Komarkova & Webber) 80:38-64.

lasiandra (Carlson et al.) 82:174-189.
lasiandra (Wright) 88:192-229.
lasiandra (Hassell & Stranathan) 90:229-232.
monticola (Ronco) 76:13-28.
monticola (Chambers et al.) 84:215-224.
monticola (Williams & Marvel) 90:173-203.
myrtilifolia (Long & Ellis) 86:245-258.
nivalis (Walker & Harrison) 86:204-213.
novae-angliae (Long & Ellis) 86:245-258.
planifolia (Stevens) 80:228-241.
planifolia (Keammerer) 88:69-78.
planifolia (Long & Ellis) 86:245-258.
planifolia (Williams & Marvel) 90:173-203.
pseudocordata (Ronco) 76:13-28.
pulchra (Bliss) 80:65-78.
pulchra (Komarkova & Webber) 80:38-64.
scouleriana (Plummer) 76:33-40.
sitchensis (Carlson et al.) 82:174-189.
spp. (Ronco) 76:13-28.
spp. (Hassell) 80:153-172.
spp. (Johnson & Kubanis) 80:16-29.
spp. (Marr) 80:1-15.
spp. (Stevens) 80:228-241.
spp. (Jackson) 82:79-105.
spp. (Williams et al.) 84:78-89.
spp. (Keigley) 88:129-138.
spp. (Peters) 90:98-106.
vitellina (Agnew & Humphries) 90:65-72.
wolfii (Ronco) 76:13-28.
wolfii (Williams & Marvel) 90:173-203.

" Salmo trutta (Miller) 86:75-92.

Salsola
iberica (Redente & Biondini) 86:227-244.
kali (Brown et al.) 92:215-238.
Sambucus

caerulea (Mohr) 92:88-104.
canadensis (Swanson) 76:54-57.
pubens (Ronco) 76:13-28.

racemosa (Groeneveld & O’Boyle) 78:142-153.

racemosa (Jackson) 82:79-105.
racemosa (Keigley) 88:129-138.
racemosa pubens (Plummer) 76:33-40.
Sanguisorba
minor (Echols & Cuany) 74:83-87.
minor (Kenny & Cuany) 78:84-100.
minor (Ericson) 82:201.
minor (Riley et al.) 84:161-169. .
Sarcobatus vermiculatus (Schuman) 88:26
Saxifraga
bronchialis (Jackson) 82:79-105.
caespitosa (Milstein & Milstein) 76:41-53.
oppositifolia (Billings) 78:1-16.
oppositifolia (Bliss) 80:65-78.
rhomboidea (Marr et al.) 74:10-23.
spp. (Billings) 78:1-16.
Secale
cereale (Jackson) 82:79-105.
 cereale (Trlica & Brown) 92:50-82.
cereale (Stranathan) 92:111-121.
Sedum
album (Swanson) 76:54-57.
atratum (Urbanska) 88:115-128.
atratum (Urbanska & Hasler) 92:247-253.
hybridum (Swanson) 76:54-57.
lanceolatum (Marr et al.) 74:10-23.
lanceolatum (Walker & Harrison) 86:204-213.
lanceolatum (Keigley) 88:129-138.
lanceolatum (Williams & Marvel) 90:173-203.
rhodanthum (Williams & Marvel) 90:173-203.
rosea (Stevens) 80:228-241.
Selaginella
densa (Keigley) 88:129-138.
densa (Williams & Marvel) 90:173-203.
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spp. (Johnson & Kubanis) 80:16-29.
Senecio
atratus (Keammerer) 88:69-78.
canus (Chambers et al.) 84:215-224.
camiolicus (Tschurr) 90:234-237.
congestus (Johnson & Kubanis) 80:16-29. -
crassulus (Marr et al.) 74:10-23.
crassulus (Chambers et al.) 84:215-224,
crassulus (Buckner & Marr) 88:273-290.
crassulus (Buckner & Marr) 88:273-290.
crassulus (Williams & Marvel) 90:173-203.
dimorphophyllus (Buckner & Marr) 88:273-290.
eremophilus kingii (Keammerer) 88:69-78.
fremontii (Chambers et al.) 84:215-224.
multilobatus (Redente & Biondini) 86:227-244.
pauperculus (Johnson & Kubanis) 80:16-29.
soldanella (Jackson) 82:79-105.
spp. (Hendzel) 76:102-107.
spp. (Brown et al.) 76:58-73.
spp. (Guillaume) 80:185-203.
triangularis. (Stevens) 80:228-241.
triangularis (Chambers et al.) 84:215-224.
triangularis (Keammerer) 88:69-78.
triangularis (Williams & Marvel) 90:173-203.
wootoni (Keammerer) 88:69-78.
Shepherdia
argentea (Hassell) 80:153-172.
canadensis (Ronco) 76:13-28.
canadensis (Berg & Barrau) 78:174-181.
canadensis (Jackson) 82:79-105.
canadensis (Keigley) 88:129-138.
canadensis (Stranathan) 92:111-121.
Sibbaldia
procumbens (Brown et al.) 76:58-73.
procumbens (Marr) 80:1-15.
procumbens (Guillaume) 80:185-203.
procumbens (Stevens) 80:228-241.
procumbens (Cuany) 82:12-28. .
procumbens (Chambers et al.) 84:215-224.
procumbens (Buckner & Marr) 88:273-290.
procumbens (Chambers et al.) 88:173-191.
procumbens (Brown et al.) 88:147-172.
procumbens (Williams & Marvel) 90:173-203.
procumbens (Stranathan) 92:111-121.
Silene
acaulis (Stevens) 80:228-241.
acaulis (Chambers et al.) 84:215-224.
acaulis (Walker & Harrison) 86:204-213.
acaulis (Williams & Marvel) 90:173-203.
drummondii (Williams & Marvel) 90:173-203.
willdenowii (Urbanska) 88:115-128.
willdenowii (Schuetz) 90:233.
Sitanion
hystrix (Etra & Johnson) 86:93-119.
hystrix (Lance) 84:194-199.
hystrix (Brown et al.) 92:215-238.
hystrix (Buckner) 92:257-272.
Solidago
multiradiata (Chambers et al.) 84:215-224.
multiradiata (Williams & Marvel) 90:173-203.
multiradiata (Stranathan) 92:111-121.
spathulata (Marr et al.) 74:10-23.
spathulata (Keigley) 88:129-138.
spathulata (Keammerer) 88:69-78.
spathulata (Buckner & Marr) 88:273-290.
spathulata (Williams & Marvel) 90:173-203.
Spergularia
rubra (Keammerer) 88:69-78.
rubra (Williams & Marvel) 90:173-203.
Sphaeralcea coccinea (Brown et al.) 92:215-238.
Sphagnum spp. (Everett) 80:30-37.
Spinacia oleracea (Boon) 84:128-147.
Spiraca beauverdiana (Johnson & Kubanis) 80:16-29.
Sporobolus
cryptandrus (Klco) 90:92-97.
cryptandrus (Mackey) 92:83-87.



Stellaria
laeta (Buckner & Marr) 88:273-290.
longipes (Chambers et al.) 84:215-224.
media (Mitchell) 78:101-115.
spp. (Johnson & Kubanis) 80:16-29.
Stipa
comata (Lance) 84:194-199.
comata (Redente & Biondini) 86:227-244.
comata (Buckner) 92:257-272.
comata (Brown et al.) 92:215-238.
lettermanii (Echols & Cuany) 74:83-87.
lettermanii (Guillaume) 80:185-203.
lettermanii (Carlson) 86:122-130.
nelsonii (Carlson) 86:122-130.
nelsonii (Williams & Marvel) 90:173-203.
occidentalis (Carlson) 86:122-130.
occidentalis (Etra & Johnson) 86:93-119.
occidentalis (Buckner) 92:257-272.
pinetorum (Carlson) 86:122-130.
thurberiana (Buckner) 92:257-272.
viridula (Echols & Cuany) 74:83-87.
viridula (Kenny & Cuany) 78:84-100.
viridula (Schuman) 88:26-44.
viridula (Stranathan) 92:111-121.

Sulfobacillus thermosuifidooxidans (Brierley) 90:138-143.

Swertia perennis (Williams & Marvel) 90:173-203.
Symphoricarpos

occidentalis (Ronco) 76:13-28.

occidentalis (Groeneveld & O’Boyle) 78:142-153.

oreophilus (Ronco) 76:13-28.

oreophilus (Plummer) 76:33-40.

oreophilus (Stranathan) 78:75-81.

oreophilus (Jackson) 82:79-105.

oreophilus (Klco) 90:92-97.

oreophilus (Agnew & Humphries) 90:65-72.

oreophilus (Buckner) 92:257-272.

spp. (Crofts & Carlson) 82:58-78.

X chenaultii (Swanson) 76:54-57.
Tanacetum vulgare (Swanson) 76:54-57.
Taraxacum

erythrospermum (Groeneveld & O’Boyle) 78:142-153.

officinale (Marr et al.) 74:10-23.

officinale (Jackson) 82:79-105.

officinale (Keammerer) 88:69-78.

officinale (Williams & Marvel) 90:173-203.

officinale (Buckner & Marr) 88:273-290.

spp. (Johnson & Kubanis) 80:16-29.

spp. (Chambers et al.) 84:215-224.

spp. (Guillaume et al.) 86:131-141.
Tetradymia canescens (Buckner) 92:257-272.
Teucrium canadensis (Swanson) 76:54-57.

Thalictrum sparsiflorum (Groeneveld & O’Boyle) 78:142-153.

Thelephora terrestris (Reid & Grossnickle) 78:131-141.
Thermopsis
" divaricarpa (Williams et al.) 84:78-89.
spp. (Hassell) 80:153-172.
Thiobacillus
(Emerick et al.) 88:106-114.
ferrooxidans (Boon) 86:49-65.
ferrooxidans (Maierhofer) 88:85-105.
ferrooxidans (Brierley) 90:138-143.
thiooxidans (Brierley) 90:138-143.
Thilaspi
montanum (Marr et al.) 74:10-23.
montanum (Buckner & Marr) 88:273-290.
montanum (Williams & Marvel) 90:173-203.
Trifolium
alpinum (Urbanska) 86:214-226.
alpinum (Flueler & Hasler) 90:228.
ambiguum (Kenny & Cuany) 78:84-100.
dasyphyllum (Townsend) 74:36-38.
dasyphyllum (Guillaume) 80:185-203.
dasyphyllum (Cuany) 82:12-28.
dasyphyllum (Guillaume et al.) 86:131-141.
dasyphyllum (Williams & Marvel) 90:173-203.
fragiferum (Stewart-Laing) 88:298-303.
gymnocarpon (Redente & Biondini) 86:227-244.
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hirtum (Barnes) 90:107-117.
hybridum (Echols & Cuany) 74:83-87.
hybridum (Berg) 74:31-35.
hybridum (Kenny & Cuany) 78:84-100.
hybridum (Mitchell) 78:101-115.
hybridum (Johnson & Kubanis) 80:16-29.
hybridum (Richardson) 80:101-112.
hybridum (Etra et al.) 84:59-77.
hybridum (Williams et al.) 84:78-89.
hybridum (Keammerer) 88:69-78.
medium (Kenny & Cuany) 78:84-100.
myosuroides (Stevens) 80:228-241.
nanum (Townsend) 74:36-38.
nanum (Bliss) 80:65-78.
nanum (Cuany) 82:12-28.
nanum (Guillaume) 80:185-203.
nanum (Cuany) 82:12-28.
nivale (Flueler & Hasler) 90:228.
nivale (Urbanska & Hasler) 92:247-253.
parryi (Marr et al.) 74:10-23.
parryi (Townsend) 74:36-38.
parryi (Marr) 80:1-15.
parryi (Johnson) 80:173-184.
parryi (Cuany) 82:12-28.
parryi (Guillaume) 80:185-203.
parryi (Chambers et al.) 84:215-224.
parryi (Buckner & Marr) 88:273-290.
parryi (Williams & Marvel) 90:173-203.
pratense (Berg) 74:31-35.
pratense (Richardson) 80:101-112,
pratense (Jackson) 82:79-105.
pratense (Etra et al.) 84:59-77.
pratense (Williams et al.) 84:78-89.
repens (Berg) 74:31-35.
repens (Echols & Cuany) 74:83-87.
repens (Mitchell) 78:101-115.
repens (Gregg) 76:92-101.
repens (Kenny & Cuany) 78:84-100.
repens (Richardson) 80:101-112. .
repens (Groeneveld & O’Boyle) 78:142-153.
repens (Guillaume) 80:185-203.
repens (Etra et al.) 84:59-77.
repens (Carlson et al.) 82:174-189.
repens (Hall) 82:110-113.
repens (Jackson) 82:79-105.
repens (Williams et al.) 84:78-89.
repens (Etra & Johnson) 86:93-119.
repens (Guillaume et al.) 86:131-141.
repens (Keammerer) 88:69-78.

. repens (Trlica & Brown) 92:50-82.
spp. (Cuany) 82:12-28.
spp. (Carlson) 86:122-130.
spp. (Insam) 88:139-146.
subterraneum (Carlson et al.) 82:174-189.

Tripsacum dactyloides (Hassell & Stranathan) 90:229-232.

Trisetum
distichophyllum (Urbanska) 88:115-128.
distichophyllum (Urbanska) 86:214-226.
spicatum (Marr et al.) 74:10-23.
spicatum (Brown et al.) 76:58-73.
spicatum (Guillaume) 80:185-203.
spicatum (Brown & Johnston) 78:116-130.
spicatum (Cuany) 82:12-28.
spicatum (Walker) 82:195-200.
spicatum (Etra et al.) 84:59-77.
spicatum (Carlson) 86:122-130.
spicatum (Williams et al.) 84:78-89.
spicatum (Guillaume et al.) 86:131-141.

. spicatum (Chambers et al.) 84:215-224.

spicatum (Brown et al.) 84:200-214.
spicatum (Urbanska) 88:115-128.
spicatum (Keammerer) 88:69-78.
spicatum (Brown et al.) 88:147-172.
spicatum (Berg et al.) 86:142-152.
spicatum (Williams & Marvel) 90:173-203.
spicatum (Buckner & Marr) 88:273-290.
spp. (Cuany) 82:12-28.



Triticum aestivam (Buckner) 92:257-272.
Trollius
laxus (Williams & Marvel) 90:173-203.
spp. (Stevens) 80:228-241.
Umbeilularia californica (Barnes) 90:107-117.
Vaccinium
(Keigley) 88:129-138.
caespitosum (Ronco) 76:13-28.
myrtillus (Ronco) 76:13-28.
myrtiltus (Jackson) 82:79-105.
ovalifolium (Long & Ellis) 86:245-258.
scoparium (Ronco) 76:13-28.
scoparium (Marr et al.) 74:10-23.
scoparium (Jackson) 82:79-105.
scoparium (Chambers et al.) 84:215-224.

scoparium (Williams & Marvel) 90:173-203.

spp. (Stevens) 80:228-241.

uliginosum (Johnson & Kubanis) 80:16-29.

vitis-idaea (Johnson & Kubanis) 80:16-29.
Valeriana

edulis (Williams & Marvel) 90:173-203.

montana (Urbanska) 88:115-128.
Veronica

wormskjoldii (Marr et al.) 74:10-23.

wormskjoldii (Chambers et al.) 84:215-224.
wormskjoldii (Buckner & Marr) 88:273-290.

wormskjoldii (Keammerer) 88:69-78.

wormskjoldii (Williams & Marvel) 90:173-203.

Vicia

americana (Groeneveld & O’Boyle) 78;142-153.

dasycarpa (Barnes) 90:107-117.

villosa (Carlson et al.) 82:174-189.
Vinca minor (Swanson) 76:54-57.
Viola

adunca (Buckner & Marr) 88:273-290.

bellidifolia (Marr et al.) 74:10-23.

cornuta (Milstein & Milstein) 76:41-53.
Wyethia amplexicaulis (Hassell) 80:153-172.
Yucca

baccata (Milstein & Milstein) 76:41-53;

filamentosa (Milstein & Milstein) 76:41-53.

glauca (Milstein & Milstein) 76:41-53.
Zizania aquatica (Jackson) 82:79-105.
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PARTICIPANT LIST

We were pleased to have a total of 210 participants at the Eleventh High Altitude Revegetation
Conference. Representatives from three foreign countries, as well as from 16 states attended
the conference (Table 1). As you can see from the data in Table 1, most of the participants
came from Colorado, however, people from both coasts and from as far away as from Alaska
were present.

For all of you that came, thank you for your participation in the conference. Make plans for
attending in 1996. The High Altitude Revegetation conference will be held on February 21-22,

1996, at Fort Collins, Colorado. Pass the word to your colleagues, so that the 1996 conference
will be a great success

Editors
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Table 1. Geographical distribution of participants at the Eleventh High Altitude

Revegetation Conference.
Geographic Entity Number of Participants Percent of Total Participants
CANADA
Alberta 2 0.95
SWITZERLAND 1 0.48
UNITED STATES
Alaska 1 0.48
Arizona 4 1.90
California 8 6.67
Colorado 150 71.43
Idaho 1 0.48
Illinois 2 0.95
Indiana 1 0.48
Montana 6 2.86
Nevada 1 0.48
New Mexico 3 2.50
North Carolina 2 0.95
South Dakota 7 3.33
Tennessee 1 0.48
Utah 7 3.33
Washington 3 2.50
Wyoming 10 4.76
Total 210 100.00
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CITY OF BOULDER MTN. PARK
P.O. BOX 791

BOULDER, CO 80306
303-441-3408

CHUCK AUSTIN
REVEX INC.

P.0. BOX 208
HYGIENE, CO 80533
303-772-4335

THOMAS BARNES

ENVIRONMENTAL CONSULT & CON.

P.O. BOX 1642
LARAMIE, WY 82070
307-742-8080

MICHAEL BASHKIN
DUKE PHYTOTRON
P.O. BOX 90340
DURHAM, NC 27707
919-660-7423

WILLIAM BEAVERS
NATIONAL PARK SERVICE
DENVER SERVICE CENTER
P.O. BOX 25287

DENVER, CO 80225



15.

17.

19.

21.

23.

25.

217.

29.

SID BECK

COLORADO LIEN COMPANY
P.O. BOX 1961

FORT COLLINS, CO 80522
303-493-6294

DON BERMANT

GRANITE SEED COMPANY
P.O. BOX 177

LEHI, UT 84043
801-768-4422

GARY BLINCOW

BUREAU OF LAND MANAGEMENT
P.O. BOX 119

WORLAND, WY 82401

307-347-9871

MIKE BORN

CYPRUS AMAX

9100 E MINERAL CIR. WAY
ENGLEWOOD, CO
303-643-5433

LARRY BROWN

L.F. BROWN & ASSOCIATES INC.
P.O. BOX 698

IDAHO SPRINGS, CO 80452
303-674-9813

ROBERT BROWN

13931 EAST MARINA DR. #208
AURORA, CO 80014
303-745-4927

MARK BUCKLEY

CUSTOM SERVICES CO. COLORADO

2501 MARTINGALE DRIVE
BERTHOUD, CO 80513
303-532-2935

GREG BUDD

FEDERAL HIGHWAY ADM.
P.O. BOX 25246
LAKEWOOD, CO 80225
303-969-5914

-263-

16.

18.

20.

22,

24,

26.

28.

30.

MIKE BELLITTO

GOLDER ASSOCIATES, INC.
200 UNION BLVD., SUITE 500
LAKEWOOD, CO 80232
303-980-0540

W.D. BILLINGS

DUKE UNIVERSITY
DEPARTMENT OF BOTANY
DURHAM, NC 27706

DON BOGART

CO. DIVISION OF WILDLIFE
317 WEST PROSPECT

FORT COLLINS, CO 80526
303-484-2836

BRIAN K. BRIGGS
TRITON COAL CO
P.O. BOX 3027
GILLETTE, WY 82717
307-686-5420

ADRIAN BROWN

ADRIAN BROWN CONSULTANTS
155 SOUTH MADISON STREET
DENVER, CO 80209

TERRY H. BROWN

UNIV. OF WYOMING RESEARCH
365 NORTH 9TH STREET
LARAMIE, WY 82071
307-721-2241

DAVID BUCKNER

ESCO ASSOCIATES INC.

P.O. BOX 18775

1077 SOUTH CHERRYVALE RD.
BOULDER, CO 80308
303-447-2999

JANE BUNIN

NATURAL SCIENCE ASSOC. INC
AND THE NAROPA INSTITUTE
4376 BUTLER CIRCLE
BOULDER, CO 80303
303-499-5014



3L

33.

35.

37.

39.

41.

43,

45,

DWIGHT CABALKA

AMERICAN EXCELSIOR COMPANY
6475 FRANKLIN STREET

DENVER, CO 80229

303-287-3261

DAVID CHENOWETH
WESTERN STATES RECL.,INC
11730 WADSWORTH BLVD.
BROOMFIELD, CO 80020
303-469-1986

TOM COLBERT

AGRICOLA ENVIRONMENTAL SER.

2270 SOUTH JACKSON
DENVER, CO 80210
303-782-9433

NICHOLAS COTTS

SHEPHERD MILLER INC

1600 SPECHT POINT DRIVE #F
FORT COLLINS, CO 80525
303-484-4414

"ROBIN L. CUANY

COLORADO STATE UNIVERSITY

32.

34,

36.

38.

40.

TOM C. CHAPMAN

SOUTH DAKOTA GAME & FISH
3305 WEST SOUTH STREET
RAPID CITY, SD 57702
605-394-2391

VIC CLAASEN

UNIV. OF CALIFORNIA DAVIS
230 HOGALAND HALL
LAR&W RES. UC DAVIS
DAVIS, CA 95616

916-752-4131

JOHN L. CONNOR

NATIONAL PARK SERVICE
ROCKY MOUNTAIN NAT. PARK
ESTES PARK, CO 80517
303-586-3565

MARVIN COURTNAGE
BUCKLEY POWDER COMPANY
42 INVERNESS DRIVE EAST
ENGLEWOOD, CO 80112
303-790-7007

L. DEAN CULWELL
WESTERN TECH. & ENG.

DEPARTMENT OF SOIL AND CROP SCIENCESP.O. BOX 6045

FORT COLLINS, CO 80523
303-491-6517

ANNE CUMMINGS

PIKES PEAK COMMUN. COL.
BOX 17

5675 S. ACADEMY BLVD.
COLORADO SPRINGS, CO 80908
719-540-7384

ALISON DEANS

E G & G ROCKY FLATS
P.O. BOX 464 BLGD T1308
GOLDEN, CO 80402
303-966-3618

CLAIRE DELEO

COLORADO STATE UNIVERSITY
DEPT. RANGELAND ECO. SCL
FORT COLLINS, CO 80523
303-491-4991

-264-

42,

44,

46.

HELENA, MT 59604
406-442-0950

J. DAULTON

RBI

4901 SOUTH WINDERMERE
LITTLETON, CO 80120
303-795-2582

DONALD DEINES
KENNECOTT UTAH COPPER
P.O. BOX 525

BINGHAM CANYON, UT 84006
801-569-6698 ’

DALE DEMING

MAGMA COOPER COMPANY
7400 N. ORACLE RD. STE 200
TUCSON, AZ 85704
602-575-5600



47,

49.

5L

53.

55.

57.

59.

61.

J. DROTAR

RBI

4901 SOUTH WINDERMERE
LITTLETON, CO 80120
795-2582

TODD DUEX

LAC MINERALS USA INC
P.O. BOX 892

LEAD, SD 57754

JILL EASLEY

CO. DEPT. OF TRANSP.

4201 E. ARKANSAS AVENUE
DENVER, CO 80222
303-757-9244

GERARD ELDRIDGE

905 SOUTH PENN
DENVER, CO 80209

CHARLES FAIR

48.

50.

52.

54.

56.

BUREAU OF LAND MANAGEMENT

CANON CITY DIST. OFFICE
P.O. BOX 2200

CANON CITY, CO 81215
719-275-0631

GENE FARMER

USDA FOREST SERVICE
324 25TH STREET
OGDEN, UT 84401

DAYLAN W. FIGGS

OFFICE OF SURFACE MINING
1999 BROADWAY, #3320
DENVER, CO 80202
303-844-3867

TIM GABLEHOUSE

58.

60.

62.

GABLEHOUSE, EPEL AND LETSON

1050 17TH STREET #1730
DENVER, CO 80265

-265-

MICHAEL DROZD

DETOX & TREATMENT CONSUL.
7205 SOUTH CHASE COURT
LITTLETON, CO 80123
303-972-4940

CLAIRE DUNNE

WIND RIVER SEED
ROUTE 1, BOX 97
MANDERSON, WY 82432
307-568-3361

STEVE EBERHART

COLORADO STATE UNIVERSITY
NAT’L SEED STORAGE LAB
FORT COLLINS, CO 80523
303-495-3200

MICHAEL ELLIS

S M STOLLER MINING SERVICES
4891 INDEPENDENCE, #270
WHEATRIDGE, CO 80033
303-279-8532

JULIE FAIR

COLORADO STATE UNIVERSITY
DEPT. OF RANGE SCIENCE
FORT COLLINS, CO 80523
303-491-2746

CAMILLE FARRELL
COLORADO DEPT. OF HEALTH
P.O. BOX 2927

TELLURIDE, CO 81435
303-728-5487

GORDEN FULLER

AMERICAN EXCELSIOR COMPANY
350 NORTH REDWOOD ROAD
NORTH SALT LAKE CITY, UT 84054
801-292-6060

DOUGLAS GIBBS

WATER & WASTE AND LAND, INC.
2629 REDWING RD. STE. #200
FORT COLLINS, CO 80526
303-226-3535



63.

65.

67.

69.

71.

73.

75.

71.

ERNEST GILLINGHAM

" BUREAU OF LAND MANAGEMENT

CANON CITY DIST. OFFICE
P.O. BOX 2200

CANON CITY, CO 81215
719-275-0631

DOUG GRAHAM
WEYERHAEUSER

522 MONTEREY LANE
TACOMA, WA 98466
206-566-8608

PAMELA S. GRIFFIN

MOUNT RAINIER NAT. PARK
TOHOMA WOODS

STAR ROUTE

ASHFORD, WA 98304
206-569-211

CATHY HALM

CO. DEPT. OF TRANSP.

4201 E. ARKANSAS AVENUE
DENVER, CO 80222

MICHAEL HARDING
CPESC

P.O. BOX 370570

SAN DIEGO, CA 92137
619-222-9862

WENDELL HASSELL

NATIONAL PARK SERVICE DSC-PT
P.O. BOX 25287

12795 W. ALAMEDA PKWY
DENVER, CO 80225

303-969-2172

MARGARET L. HEIM

VICEROY GOLD CORPORATION
P.O. BOX 68

SEARCHLIGHT, NV 89046
702-252-8040

WALTER HENES, JR.
SOUTHWEST SEED INC.
13260 COUNTY ROAD 29
DOLORES, CO 81323
303-565-7822

64.

66.

68.

70.

72.

74.

76.

78.

-266-

KENNETH GOODROW

BUREAU OF LAND MANAGEMENT
CANON CITY DIST. OFFICE

P.O. BOX 2200

CANON CITY, CO 81215
719-275-0631

JOHN GRAVES
NATIVE SEEDERS
6324 LCR 1
WINDSOR, CO 80550
303-686-5121

R. DENNY HALL

WYOMING SEED CERTIFICATION
P.O. BOX 983

POWELL, WY 82435

307-754-9815

KAREN HANER

DENVER WATER

1600 WEST 12TH AVENUE
DENVER, CO 80254

JOHN HARRINGTON

NEW MEXICO STATE UNIVERSITY
MORA RESEARCH CENTER

P.O. BOX 359

MORA, NM 87732

505-387-2319

STEVE HAYNES

3121 EAST 8100 NORTH

IDAHO FALLS, ID 83401
208-524-5695

WALT HENES
SOUTHWEST SEED INC.
13260 COUNTY ROAD 29
DOLORES, CO 81323
303-565-8722

JACK HENRIS

HOMESTAKE MINING COMPANY
P.O. BOX 875

LEAD, SD 57754

605-584-4985



79.

81.

83.

8s.

87.

89.

91

93.

JIM HERRON -

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80203

303-866-3567

TIM HIGGINS

MAGMA COPPER COMPANY
7400 N. ORACLE ROAD
SUITE 200

TUCSON, AZ 85704
602-575-5600

LYN HOFFMANN

COLORADO STATE UNIVERSITY
DEPARTMENT OF BIOLOGY
FORT COLLINS, CO 80523
303-491-2645

LINDA KAY JAMES

JAMES RANCH LANDSCAPING
33800 HIGHWAY 550
DURANGO, CO 81301
719-259-0301

WILLIAM JENNINGS
INDEPENDENT CONSULTANT
P.O. BOX 952

LOUISVILLE, CO 80027
303-666-8348

LEE JOHNSON

BUCKLEY POWDER COMPANY
42 INVERNESS DRIVE EAST
ENGLEWOOD, CO 80112
303-790-7007

CHRIS JOHNSTON

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80202

303-866-3567

TOM JONES

USDA-ARS

FORAGE & RANGE RESARCH
UTAH STATE UNIVERSITY
LOGAN, UT 84322
801-750-3082

80.

82.

84.

86.

88.

90.

92.

94.

~267-

LOREN HETTINGER
DAMES & MOORE
1125 17TH STREET
DENVER, CO 80202
303-299-7836

#1200

DON HIJAR

GRASSLAND WEST COMPANY
P.O. BOX 1604

GREELEY, CO 80632
303-356-7002

HOWARD IRION
EAGLE-GYPSUM PRODUCTS
P.O. BOX 980

GYPSUM, CO 81637
303-52409700

MARK JANEWAY

NORTH AMERICAN GREEN INC
14649 HIGHWAY 41 NORTH
EVANSVILLE, IN 47711
206-524-1273

JOHANNA JENSEN

ROCKY MTN. BIO-PRODUCTS
P.0. BOX 608

EDWARDS, CO 81632
303-926-1025

RICHARD E. JOHNSON

MK ENVIROMENTAL SERVICES
1700 LINCOLN ST. #4800
DENVER, CO 80203

303-860-8621

JAY JONES

HENDERSON MINE & MILL
P.O. BOX 68

EMPIRE, CO 80438
303-569-3221

TORRE JORGENSON

ALASKA BIO. RESEARCH INC
P.O. BOX 81934

FAIRBANKS, AK 99708



95.

97.

99.

101.

103.

105.

107.

109.

ROY KARO .
PEABODY WESTERN COAL CO
DRAWER D

HAYDEN, CO 81639
303-276-3707

DEBORAH KEAMMERER

96.

98.

KEAMMERER ECOLOGICAL SERVICES
5858 WOODBOURNE HOLLOW RD.

BOULDER, CO 80301
303-530-1783

VICTOR KETELLAPPER

USEPA REGION VIII (SHWM-SR)
999 18TH ST. SUITE 500
DENVER, CO 80202
303-294-7146

MICHAEL J. KILLEN
UNIVERSITY OF WYOMING
SEED CERTIFICATION SERV.
P.0. BOX 983

POWELL, WY 82435
307-754-9815

PAUL KRABACHER

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80203

303-248-7253

JOYCE LAPP

GLACIER PARK

GLACIER PARK

WEST GLACIER, MT 59936

JOHN LAWSON

WHARF RESOURCES INC
HCR 37 BOX 811

LEAD, SD 57754
605-584-1441

PAULA J. LEHR
INDEPENDENT

222 EAST GOTHIC AVENUE
GUNNISON, CO 81230
303-641-3236

100.

102.

104.

106.

108.

110.

-268-

WARREN KEAMMERER

KEAMMERER ECOLOGICAL SERVICES
5858 WOODBOURNE HOLLOW RD.
BOULDER, CO 80301

303-530-1783

DAVID KERR
ENVIRONMENTAL MAN. ASSOC

1011 6TH AVENUE S.W.

CALGARY, AB
CANADA
403-299-5600

BOB KILBORN
CYPRUS CLIMAX
P.O. BOX 68
EMPIRE, CO 80438
303-569-3221

DOUG KOLZ

NILEX CORPORATION

6810 SOUTH JORDAN ROAD
ENGLEWOOD, CO 80112
303-766-2000

BILL LABARRE

COLORADO MOUNTAIN COLLEGE
C M C #405

LEADVILLE, CO 80461
719-486-4373

LISA LARSEN

WESTERN TECH. & ENGINEERING
P.O. BOX 6045

HELENA, MT 59604

406-442-0950

CATHERINE A. LEE

1713 ESSEX DRIVE

FORT COLLINS, CO 80526
303-224-3961

PHIL LEONHARDT

WATER WASTE & LAND INC
2629 REDWING RD. STE. #200
FORT COLLINS, CO 80526
303-226-3535



111.

113.

115.

117.

119.

121.

123.

125.

127.

THOMAS LESTER
SUMMIT INC.

2380 DEADWOOD AVENUE
RAPID CITY, SD 57709
605-578-2810

MARK 8. LOYE
INDEPENDENT CONSULTANT
13593 WEST 24TH PLACE
GOLDEN, CO 80401
303-278-3349

GARY LUDWIG

PLEASANT AVE. NURSERY, INC.
P.O. BOX 257

BUENA VISTA, CO 81211
719-395-6955

CARL MACKEY

MK ENVIRONMENTAL SERVICES
1700 LINCOLN ST. #4800
DENVER, CO 80203

303-860-8621

FREDDIE MARTINEZ

BUREAU OF LAND MANAGEMENT
CANON CITY DIST. OFFICE

P.O. BOX 2200

CANON CITY, CO 81215

JAMES B. MCARDLE

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80203

303-866-3567

TERRY MCLENDON

COLORADO STATE UNIVERSITY
DEPT. RANGELAND ECO. SCIL
FORT COLLINS, CO 80523
303-491-6541

PETER MCRAE :
KIWI GREEN QUATTRO ENV IN
649 1 AVE #4000

CORONADO, CA 92118
619-522-0044

MICHELLE MILLER

NEW MEXICO ENIVROMENT DEPT.

TERRO REMEDIATION UNIT
P.O. BOX 26110

SANTA FE, NM 87502
505-474-3394

112.

114.

116.

118.

120.

122.

124,

126.

128.

-269-

JEFFREY R. LORMAND
DELEUW, CATHER
1700 BROADWAY #1016
DENVER, CO 80290
303-863-7900

JIM LUDWIG

PLEASANT AVE. NURSERY, INC.
P.O. BOX 257

BUENA VISTA, CO 81211
719-395-6955

CRAIG LUNDORF

USDA FOREST SERVICE
2014 NORTH MAIN
SPEARFISH, SD 57783
605-642-4622

H. WARD MAROTTI

ESCO ASSOCIATES INC.

1077 SOUTH CHERRYVALE RD.
BOULDER, CO 80308
303-447-2999

DAN MATHEWS
DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80203

303-86-3567

LORETTA MCELLHINEY
LEADVILLE RAN DIST FOR SERV
2015 NORTH POPLAR
LEADVILLE, CO 80461
719-486-0749

R.L. MCNEARNY
UNIVERSITY OF UTAH

317 W.C. BROWNING BLG.
SALT LAKE CITY, UT 84112
801-585-3029

ANDY MERENESS

COLORADO STATE UNIVERSITY
DEPT. OF RANGE SCIENCE
FORT COLLINS, CO 80523
303-492-6677

JESSE MITCHELL

MAGMA COPPER COMPANY
2400 NORTH ORACLE ROAD
TUCSON, AZ 85704
602-797-8165



129.

131.

133.

135.

137.

139.

141.

143.

ELIZABETH A. MOGEN
COLORADO STATE UNIVERSITY
111 SHEPARDSON BUILDING
DEPT. OF HORTICULTURE

FORT COLLINS, CO 80523
303-491-7089

STEVE MONELL
COLORADO LIEN COMPANY
P.0. BOX 1961

FORT COLLINS, CO 80522
303-493-6284

JOHN MORRONE

BUREAU OF LAND MANAGEMENT
CRAIG DISTRICT OFFICE

455 EMERSON ST.

CRAIG, CO 81625

303-824-8261

DONALD J. MUNDY

HIGH COUNTRY LAWNS, INC.
P.0. BOX 994

GRAND JUNCTION, CO 81502
303-245-0875

PATRICK MURPHY
ESCO ASSOCIATES INC.
P.O. BOX 18775
BOULDER, CO 80308
303-447-2999

STAN NIELSON

COLORADO ANALYTICAL LAB
240 S. MAIN STREET
BRIGHTON, CO 80601
303-659-2313

BEN NORTHCUTT

INT’L. EROSION CON. ASSOC.
P.O. BOX 4904

STEAMBOAT SPRINGS, CO 80477
303-879-3010

HANS OBERLOHR

ROCKY MOUNTAIN BIO-PRODUCTS
P.O. BOX 608

EDWARDS, CO 81632

303-926-1025

130.

132.

134.

136.

138.

140.

142.

144,

-270-

PETER MOLLER

COLORADO MOUNTAIN COLLEGE
ENV TECH TIMBERLINE CAMPUS
LEADVILLE, CO 80461
719-486-2015

MARIA MONTOUR
U.S.G.S.

P.O. BOX 250466 MS 973
DENVER FEDERAL CENTER
DENVER, CO 80225

CARL MOUNT

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80203

303-866-3567

DAVID MUNDY

HIGH COUNTRY LAWNS, INC.
P.O. BOX 994

GRAND JUNCTION, CO 81502
303-245-0875

JOHN NELSON

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80203

303-866-3567

JENNIFER NOB

TRITON COAL CO BUCKSKIN MINE
740 SOUTH GILLETTE AVENUE
GILLETTE, WY 82716

307-686-5708

MAUREEN O’SHEA-STONE

S M STOLLER MINING SERVICES
5700 FLATIRON PARKWAY
BOULDER, CO 80301

303-449-7220

ANN MARIE ODAS

COLORADO STATE UNIVERSITY
NREL

FORT COLLINS, CO 80523



145.

147.

149.

151.

153.

155.

157.

159.

161.

LARRY OEHLER

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80203

303-866-3567

BOB OSWALD

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80203

303-866-3567

MARK W. PASCHKE
COLORADO STATE UNIVESITY
DEPT. RANGELAND ECO. SCI.
FORT COLLINS, CO 80523
303-491-0760

JEFFREY L. PECKA
SYSTEMS PLANNING GROUP
5973 EAST IRWIN PLACE
ENGLEWOOD, CO 80112
303-770-0747

JERRY D. PFARR

HOMESTAKE MINING COMPANY

P.O. BOX 875
LEAD, SD 57754
605-584-4918

CONNIE PRESSON
WEYERHAEUSER

522 MONTEREY LANE
TACOMA, WA 98466
206-566-8608

ROD RAMSEY

BLUE MOUNTAIN SEEDING INC.
2013 BLUE MOUNTAIN AVE.
BERTHOUD, CO 80513
303-776-6013

ANDREA RAYT

COLORADO STATE UNIVERSITY
RANGELAND ECOSYSTEM SCIL
FORT COLLINS, CO 80523
303-491-4991

CHARLES REED

WYOMING DEPT OF TRANS.
P.O. BOX 1708

CHEYENNE, WY 82003
307-777-4156

146.

148.

150.

152.

154,

156.

158.

160.

162.

-271-

OLE OLSEN

BUREAU OF LAND MANAGEMENT
1280 INDUSTRIAL AVENUE
CRAIG, CO 81625

303-824-4441

ZIA PARKER
612 ALPINE AVENUE
BOULDER, CO 80304
303-440-0973

WILLIAM A. PATTERSON IV
UNIV. OF MONTANA PEACE CORP
11385 ALLOMONT WAY

LOLO, MT 59847

406-273-2510

JIM PERRY

BUREAU OF LAND MANAGEMENT
P.O. BOX 68

KREMMLING, CO 80459
303-724-3437

MARK PHILLIPS

PHILLIPS SEEDING & RECLAM.
11843 BILLINGS

LAFAYETTE, CO 80026
303-665-2618

PENNY RAMSEY

BLUE MOUNTAIN SEEDING INC.
2013 BLUE MOUNTAIN AVE.
BERTHOUD, CO 80513
303-776-6013

HARRY RANNEY

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80202

303-866-3567

BILL RECH

CLIMAX MINE AND MILL
HIGHWAY 9

CLIMAX, CO 80429
719-486-2150

GREGORY K. REED

OFFICE OF SURFACE MINING
1999 BROADWAY, #3320
DENVER, CO 80202
303-844-2109



163.

165.

167.

169.

171.

173.

175.

177.

JIM RHETT

BUREAU OF LAND MANAGEMENT
2850 YOUNGFIELD STREET
LAKEWOOD, CO 80215
303-239-3752

TIMOTHY RICHMOND
WYOMING AML

122 WEST 25TH STREET
CHEYENNE, WY 82002
307-777-6145

HOWARD ROITMAN
COLORADO DEPT. OF HEALTH
HMWMD-RP-B2

4300 CHERRY CREEK DR. S.
DENVER, CO 80222
303-692-3397

ERIC E. ROOS

COLORADO STATE UNIVERSITY
NAT’L SEED STORAGE LAB
FORT COLLINS, CO 80523
303-495-3200

MARK A. SCHUSTER
GRUBB & ELLIS

910 COVE WAY
DENVER, CO 80209
303-572-7700

RICHARD W. SIMON

LASSEN COUNTY PLAN. DEPT
707 NEVADA STREET
SUSANVILLE, CA 96130
916-251-8270

JIM SMITH

COLORADO STATE UNIVERSITY
CTR FOR ECOL. RICH ASSESS.
FORT COLLINS, CO 80523
303-491-2318

STEVE J. SPAULDING

COLORADO STATE FOREST SERV.
P.O. BOX 9024

WOODLAND PARK, CO 80866
719-687-2921

164.

166.

168.

170.

172.

174.

176.

178.

-272-

CAMILLE RICHARD

COLORADO STATE UNIVERSITY
COLLEGE OF NAT. RESOURCES
FORT COLLINS, CO 80523
303-491-0507

ROBERT H. ROBINSON

BUREAU OF LAND MANAGMENT
2850 SOUTH YOUNGFIELD ST.
LAKEWOOD, CO 80215
303-239-3642

ROBERT A ROMERO
THE FEED BIN, INC.

P.O. BOX 331

SANTA FE, NM 87504
505-982-0511

JAMMIE SABIN

ACZ LABORATORIES, INC.
30400 DOWNHILL DRIVE
STEAMBOAT SPRINGS, CO 80487
303-879-6590

SLOAN SHOEMAKER

DENVER UNIVERSITY STUDENT
818 MAXWELL AVENUE
BOULDER, CO 80304
303-545-2122

DR. EARL SKOGLEY
MONTANA STATE UNIVERSITY
PLANT & SOIL SCI DEPT.
BOZEMAN, MT 59717
406-994-5071

BRIAN SMYTHE

SUNSHINE VILLAGE SKI RESORT
P.O. BOX 1510

BANFF, AB TOL 0C0

CANADA

403-762-6500

SUSAN SPAULDING

COLORADO STATE UNIVERSITY
6234 ARAPAHOE AVENUE
BOULDER, CO 80303
303-444-3777



179.

181.

183.

185.

187.

189.

191.

193.

STEVEN STEFFENS

W W WHEELER AND ASSOC INC
3700 SOUTH INCA STREET
ENGLEWOOD, CO 80110
303-761-4130

MAXINE STEWART
SOLUTION GOLD LTD
P.O. BOX 1108
GOLDEN, CO 80402

SAM E. STRANATHAN

USDA SOIL CONSERVATION SERV
655 PARFET ROOM E200C
LAKEWOOD, CO 80215
303-236-2913

TONY SVATOS

U. S. FOREST SERVICE

WHITE RIVER NAT. FOREST
P.O. BOX 948

GLENWOOD SPRINGS, CO 81602
303-945-3278

MARC S. THEISEN
SYNTHETIC INDUSTRIES
4019 INDUSTRY DRIVE
CHATTANOOGA, TN 37416
800-621-0444

GARY L. THOR
COLORADO STATE UNIVERSITY

180.

182.

184.

186.

188.

190.

JOSEPH E. STEVENS

ADVANCED AQUATIC TECHNOLOGY

748 WHALERS WAY D-200
FORT COLLINS, CO 80525
303-223-1333

KATHLEEN STEWART

U. S. GEOLOGICAL SURVEY
M S 973 DENVER FED. CEN.
DENVER, CO 80225
303-236-2457

SUZANNE STUTZMAN

NAT. PARK SERVICE PSC TWE
P.O. BOX 25287

DENVER, CO 80225
303-987-6671

THEREAN TAYLOR

NPS GRAND CANYON

P.O. BOX 129

GRAND CANYON, AZ 86023
602-638-7863

CONLEY THOMPSON

UTAH DEPT. OF TRANSPORT.
1107 EAST SOUTH TEMPLE
SALT LAKE CITY, UT 84102

JEFF TODD
S M STOLLER MINING SERV.

DEPARTMENT OF SOIL AND CROP SCIENCES4891 INDEPENDENCE STE. 200

FORT COLLINS, CO 80523

.303-491-7296

M.J. TRLICA
COLORADO STATE UNIVERSITY

- RANGELAND ECOSYSTEM SCI.

FORT COLLINS, CO 80523
303-491-5655

CHRISTINE TURNER
REVEX INC.
P.O. BOX 208
HYGIENE, CO 80533
303-772-4335

192.

194.

-273-

WHEAT RIDGE, CO 80033
303-456-0851

KATHERINE R. TURK
AMERICAN COLLOID COMPANY
1350 WEST SHORE DRIVE
ARLINGTON HEIGHTS, IL 60005
708-392-4600

MAX UNDERWOOD
HUNTINGTON-CHEN-NORTHERN
P.O. BOX 30615

BILLINGS, MT 59107

406-248-9161
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203.

205.

207.

209.

K.M. URBANSKA
GEOBOTANISHES INSTITUT ETH
ZURICHBERGSTRASSE 38

CH - 8044 ZURICH,
SWITZERLAND

737-3256

DANIEL WALDMAN

EROSION CONTROL MAGAZINE
216 EAST GUTIERREZ ST.
SANTA BARBARA, CA 93101
805-899-3355

TONY WALDRON

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80202

303-866-3567

GORDON WARRINGTON
WARRINGTON ECOLOGICAL
SYSTEMS ANALYSIS

8125 TURMAN COURT

FORT COLLINS, CO 80525
303-663-2979

RUSS WHYMAN
MONARCH SKI RESORT
#1 POWDER PLACE
MONARCH, CO 81227
719-539-3573

DENNIS L. WILL

COLORADO STATE FOREST SERV.
P.O. BOX 9024

WOODLAND PARK, CO 80866

NINA WILLIAMS

CITY OF BOULDER OPEN SPACE
66 S CHERRYVILLE ROAD
BOULDER, CO 80303
303-441-4495

BILL YORK-FIERN

DIV. OF MINERALS & GEOLOGY
1313 SHERMAN STREET #215
DENVER, CO 80203

303-886-3567

196.

198.

200.

202.

204.

206.

208.

210.
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BOB VILOTTI

ARKANSAS VALLEY SEED CO. .
4625 COLORADO BLVD.
DENVER, CO 80216

303-320-7500

BETH WALDOW

YOSEMITE NATIONAL PARK
P.O. BOX 577

YOSEMITE, CA 95389
209-372-0316

BRUCE WARDEN
SWRCB/ REG 6 (SLT)

2092 LAKE TAHOE BLVD.
SOUTH LAKE TAHOE, CA 96150

ANN DOUD WHITE

5700 FLATIRON PARKWAY
BOULDER, CO 80301
303-449-7220

KAREN WIES

CALIFORNIA DEPT OF CONSERV
301 K ST M S 09-09
SACRAMENTO, CA 95814
916-324-0744

BEATRICE WILLARD
2280 BLUEBELL AVENUE
BOULDER, CO 80302
303-443-5198

BILL WOLVIN

WINTER PARK SKI AREA
P.O. BOX 36

WINTER PARK, CO 80482
303-726-5514

RON ZUCK

RECLAMATION CONSULTANT
730 KEARNEY STREET
DENVER, CO 80220
303-320-1691



HIGH ALTITUDE REVEGETATION
COMMITTEE MEMBERSHIP LIST

BILL AGNEW

Synthetic Industries

719 Rocky Mountain Way
Ft. Collins, Colorado 80526
(303) 225-8119

PATRICIA ANDREAS
Homestake Mining Company
P. O. Box 296

Salida, Colorado 81201
(719) 539-2089

MIKE BARKER

Exxon USA

P. O. Box 240409
Anchorage, Alaska 99524
(907) 264-4092

LARRY F. BROWN, HARC Chairman
L. F. Brown & Assoc., Inc.

P O. Box 698

Idaho Springs, Colorado 80452

(303) 674-9813

RAY W. BROWN

USDA Forest Service _
Forestry Sciences Laboratory
860 North 1200 East

Logan, Utah 84321

(801) 752-1311

DAVID BUCKNER

ESCO Associates

P. O. Box 18775

1077 South Cherryvale Road
Boulder, Colorado 80308

TOM COLBERT :
Agricola Environmental Services
2270 S. Jackson

Denver, Colorado 80210

(303) 399-4939

JOHN JEFF CONNER
Rocky Mountain National Park
Estes Park, Colorado 80517
(303) 586-3565
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ROBIN L. CUANY, HARC Treasurer
Department of Agronomy

Colorado State University

Fort Collins, Colorado 80523

(303) 491-6832

JULIE ETRA

Western Botanical Services
324 South Wells Avenue
Reno, California 89502
(702) 322-5011

CAMILLE FARRELL
Colorado Department of Health
P. O. Box 2927

Telluride, Colorado 81435
(303) 728-5487

WENDELL G. HASSELL
National Park Service DSC-PT
12795 W. Alameda Parkway
Denver, Colorado 80225-0287
(303) 969-2172. -

DON HIJAR

Grassland West Company
P. O. Box 1604

Greeley, Colorado 80632
(303) 356-7002

BRUCE HUMPHRIES

Colorado Mined Land Reclamation Division
1313 Sherman Street, Room 215

Denver, Colorado 80203

(303)866-3567

CHARLES L. JACKSON
Cyprus/AMAX Minerals Company
9100 East Mineral Circle
Englewood, Colorado 80112
(303) 643-5836

DEBORAH B. KEAMMERER
Keammerer Ecological Consultants
5858 Woodbourne Hollow Road
Boulder, Colorado 80301

(303) 530-1783
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- COMMITTEE MEMBERSHIP LIST

WARREN R. KEAMMERER
Keammerer Ecological Consultants
5858 Woodbourne Hollow Road
Boulder, Colorado 80301

(303) 530-1783

JOHN A. LAWSON
Wharf Resources

HC 30 Box 811

Lead, South Dakota 57754
(605) 584-1441

CARL MACKEY
Morrison-Knudsen Env. Services
1700 Lincoln St., #4800
Denver, Colorado 80203

(303) 860-8621

PETER G. MOLLER
Environmental Technology
Colorado Mountain College
Timberline Campus
Leadville, Colorado 80461
(719) 486-2015

SUE NORDSTROM

National Park Service DSC-PT
12795 W. Alameda Parkway
P. O. Box 25287

Denver, Colorado 80225-0287
(303) 969-6992

BEN NORTHCUTT

International Erosion Control Association
P. O. Box 4904

Steamboat Springs, Colorado 80477-0287
(303) 879-2313

JEFFERY L. PECKA
Systems Planning Group
5973 East Irwin Place
Englewood, Colorado 80112
(303) 770-0747

MARK PHILLIPS

Phillips Seeding and Reclamation
11843 Billings

Lafayette, Colorado 80026
(303)665-2618
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MARK A. SCHUSTER
Grubb & Ellis

910 Cove Way

Denver, Colorado 80209
(303) 572-7700

STEVE SPAULDING

Colorado State Forest Service

P. O. Box 9024

Woodland Park, Colorado 80866-0100
(719) 687-2921

MARC THEISEN
Synthetic Industries
4019 Industry Drive

Chattanooga, Tennessee 37416
(800) 621-0444

GARY L. THOR, HARC Secretary
Department of Agronomy

Colorado State University

Fort Collins, Colorado 80523

(303) 491-7296

JEFF TODD

S M Stoller Mining Services
4891 Independence, Suite 200
Wheat Ridge, Colorado 80033
(303) 456-0851

KRYSTYNA URBANSKA
Swiss Fed. Inst. of Technology
Zurichbergstrasse 38, CH - 8044
Zurich, Switzerland

737-3256

RON ZUCK

730 Kearney Street
Denver, Colorado 80220
(303) 320-1691
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