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1  Cleaning Up Our 
Act: Planting Trees 
to Clean Water

What do riparian buffers, phytoremediation, and restoring wetlands 
have in common? They all involve strategically planting trees where 
they can help maintain or improve water quality and quantity in 
landscapes that are impacted by human activities. 
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 by Richard Straight
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Work in the South?

 by Evan Mercer
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13  Restoring Native 
Plants and Tribal 
Traditions in 
Arizona

 by Claire Payne

Not all riparian buffers are created equally. Researchers at the 
National Agroforestry Center create tools to help natural resource 
professionals get the most bang out of their buffer buck.

In the United States, the appeal of growing trees in short rotations 
has come and gone over the last 50 years, but short-rotation woody 
crops continue to be important in many other countries. Today there 
is escalating interest worldwide in using these same species for 
biofuels and as feedstocks for other bioproducts.

With its diverse landscapes, changing rural and urban lifestyles, 
and the need to resolve a variety of land use problems, the South 
would seem ripe for the expansion of agroforestry. So what’s holding 
landowners back?

On the Hopi Reservation in northern Arizona, the plants used by 
the Hopi Tribe for cultural traditions are being restored to the land 
through a unique partnership with the Forest Service.

15  Keep That Water 
Moving

 by Zoë Hoyle

When managers at the Savannah River Site in South Carolina 
turned to trees for help in cleaning up radioactive waste, they relied 
on data from the long-term research conducted at the SRS Coweeta 
Hydrological Laboratory in Otto, NC.
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Wetlands to 
Improve Coastal 
Water Quality

 by Claire Payne

As a research ecologist based in the SRS Charleston, SC, unit, 
Marianne Burke worked with a wide range of collaborators to 
develop improved best management practices to help protect coastal 
watersheds in South Carolina.  

25 Restoring 
Depressional 
Wetlands

 by Claire Payne

Seasonally ponded Carolina bays and similar depressions occur in 
the hundreds to thousands across the Southeastern Coastal Plain. 
SRS researchers are working with a wide range of collaborators at the 
Savannah River Site to restore these valuable but underappreciated 
wetlands.

18 T is for Texas... 
and TCE

 by Zoë Hoyle

Across the country in northcentral Texas, Coweeta researchers used a 
more “individual” approach to find out how well cottonwoods could 
clean up an industrial solvent.  

20  Greening at the 
Seams

 by Zoë Hoyle

DEPARTMENTS

Chris Barton grew up in Kentucky, where mountaintop coal mining 
has definitely made its mark. His work as an SRS researcher at the 
Savannah River Site has served him well in his new efforts reforest 
surface-mined land.

Snapshot from the Field ..................................................................................................................................23
Science You Can Use! .....................................................................................................................................32
Recommended Reading ...................................................................................................................................34
Experimental Forests ......................................................................................................................................36
Around the Station .........................................................................................................................................38
New Products from the Southern Research Station .............................................................................................40

Cover illustration: Phytoremediation uses the power of plants to remove toxins from water, as shown in this computer painting by Rodney Kindlund.

Email: cpayne@fs.fed.us
Telephone: 828-257-4392
Editors: Zoë Hoyle, Science Writer, and Claire Payne, 
Technical Information Specialist
Art Director: Rodney Kindlund
Contributing Staff Writers: Carol Whitlock, Livia Marqués 
and Perdita Spriggs

The	mission	of	the	Southern	Research	Station	is	to	
create	the	science	and	technology	needed	to	sustain	
and	enhance	southern	forest	ecosystems	and	the	
benefits	they	provide.

The	U.S.	Department	of	Agriculture	(USDA)	prohibits	
discrimination	in	all	its	programs	and	activities	on	the	
basis	of	race,	color,	national	origin,	age,	disability,	
and	where	applicable,	sex,	marital	status,	familial	
status,	parental	status,	religion,	sexual	orientation,	
genetic	information,	political	beliefs,	reprisal,	or	
because	all	or	part	of	an	individual’s	income	is	
derived	from	any	public	assistance	program.	(Not	
all	prohibited	bases	apply	to	all	programs.)	Persons	
with	disabilities	who	require	alternative	means	for	

communication	of	program	information	(Braille,	large	
print,	audiotape,	etc.)	should	contact	USDA’s	TARGET	
Center	at	(�0�)	7�0-�600	(voice	and	TDD).

To	file	a	complaint	of	discrimination,	write	to	USDA,	
Director,	Office	of	Civil	Rights,	�400	Independence	
Avenue,	SW,	Washington,	D.C.	�0�50-94�0,	or	call	
(800)	795-��7�	(voice)	or	(�0�)	7�0-6�8�	(TDD).	
USDA	is	an	equal	opportunity	provider	and	employer.

The use of trade or firm names in this publication is for 
reader information and does not imply endorsement 
by the U.S. Department of Agriculture of any product 
or service.

The opinions and recommendations offered by guest 
authors and interviewees are not necessarily those of 
the U.S. Department of Agriculture, the Forest Service, 
or the Southern Research Station.

ISSN: 1931-4906

 
 Printed on recycled paper
 Printed with soy ink

COMPASS
Science You Can Use!

March 2007 — Issue 8
perspectives and tools to benefit southern forest resources

CoMPASS is published quarterly by the Science Delivery 
Group of the Southern Research Station (SRS), Forest 
Service, U.S. Department of Agriculture. As part of the 
Nation’s largest forestry research organization—Forest 
Service Research and Development—SRS serves 13 
Southern States and beyond. The Station’s 130 scientists 
work at more than 20 units located across the region 
at Federal laboratories, universities, and experimental 
forests.

Future issues can be obtained by returning the postcard 
included in this issue.

www.srs.fs.usda.gov



compass—march 20074 compass—march	�007



www.srs.fs.usda.gov �

Much has been written about the 
birth of American forestry at 

the beginning of the 20th century as 
a response to a landscape laid waste 
by the timber and farming practices 
of European expansion. By the 1890s, 
the new Americans had logged, mined, 
and unsustainably farmed across the 
Southeast, leaving vast areas of soil 
denuded, compacted, and unable to 
filter rainfall.  

 When Congress passed the Organic 
Administration Act in 1897, it gave 
national recognition to the important 
role forests play in protecting water 
supplies and reducing flooding. Gifford 
Pinchot, the visionary who became 
the first chief of the Forest Service, 
was also a photographer who believed 
in the power of visual impact. His 
photographs of eroded land evoked 
images of the desolation of battlefields, 
and persuaded Congress and the 
public that the answer to restoring the 
wasted land and polluted waterways 
of the 1890s was to plant trees. 

 When the National Forest System 
was established in 1905, its primary 
mandate was to restore the watershed 
functions of forests. Over a century 
later, it’s hard to believe that most 
of the southern landscape—from the 
Coastal Plains of the Atlantic Coast, 
through the Southern Appalachians, 
and down to the Mississippi Delta—
was literally treeless just a century 
ago. So many trees have been planted 
and forest ecosystems restored 
that the desolate landscapes and 
contaminated rivers of the past have 
largely been forgotten.

 In today’s South, the loss of 
forestland is driven mainly by 
sprawling residential and commercial 

CLEANING UP OUR ACT
Planting Trees to Clean Water

development, with untold thousands 
of acres cleared each day to build 
new houses, shopping malls, and 
roads. As development spreads, so do 
concerns about reduced infiltration 
of rainfall, loss of ground-water 
recharge, increased stormwater runoff, 
and downstream channel erosion. 
In addition, intensive agricultural 
practices often translate into farming 
up to the edges of streams, resulting 
in waterways devoid of trees and other 
vegetation in their riparian zones and 
along their banks. This causes runoff 
containing fertilizers, pesticides, 
animal wastes, and soil sediments to 
enter surface waters unabated.

Working Trees for Water Quality

 How can the water-filtering 
functions of a forest be restored onto 
small but significant segments of 
land? Research from the National 
Agroforestry Center and other SRS 
units working on issues ranging from 
phytoremediation to constructed 
wetlands shows that making what 
may look like small changes at the 
local level can make a real difference 
in water quality. A glance at the table 
of contents for this issue of Compass 
may have you asking just what these 
stories about riparian buffers, cows 
among trees, phytoremediation, 
and restoring wetlands have in 
common. The answer: They all involve 
strategically locating tree plantings 
where they can help to maintain or 
improve water quality and quantity 
in landscapes that are impacted by 
human activities. 

 This issue of Compass opens with 
an introduction to agroforestry, a wide 
array of practices—riparian buffers, 
windbreaks, alley cropping, specialty 

forest products, silvopasture—that can 
promote water quality. These practices 
can also improve landowner income 
while providing wildlife habitat and a 
wide range of conservation benefits. 
With emerging markets for energy 
from woody biomass, trees grown 
in agroforestry plantings can also 
be harvested for renewable energy. 
The stories that follow discuss the 
economics of adopting agroforestry 
in the South, and offer examples of 
successful practices from other parts 
of the world. 

 We switch gears to show how 
SRS research has contributed to 
better designs for phytoremediation, 
including the use of trees to clean 
up contamination that ranges from 
sewage to nuclear waste. Next we 
look at the efforts of SRS researchers 
to restore the Carolina bays that clean 
water along the Southern Coastal Plain 
and to construct wetlands to purify 
stormwater runoff from suburban 
developments. 

 What is common to all of these 
situations is the role of research in 
understanding the geological, physical, 
and chemical interactions of soil, trees, 
and water that determine the effective 
functioning of these practices—and in 
coming up with the right trees and the 
right designs to make them work. 

 As research continues to fine-tune 
these practices, it becomes more and 
more apparent that what may seem 
almost too simple—planting trees—
remains the most effective approach 
for ensuring water quality.  
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What is Agroforestry?

  Agroforestry intentionally 
combines agriculture and forestry 
to create integrated and sustainable 
land use systems. Agroforestry takes 
advantage of the interactive benefits 
from combining trees and shrubs 
with crops and/or livestock. In other 
words, Working Trees are planted in 
the right places for the right reasons. 
In the United States, agroforestry 
is commonly divided into five main 
practices:

• Windbreaks—A single row or 
multiple rows of trees or shrubs are 
planted for one or more environmental 
purposes. Example: single rows of 
honey locust trees planted 300 feet 
apart in a field can help reduce soil 
erosion in the spring and distribute 
snow across the field in the winter. 
www.unl.edu/nac/windbreaks.htm

• Alley Cropping—An annual or 
perennial crop is grown with a long-
term tree crop. The agricultural crop 
generates annual income while the 
longer term tree crop matures. An 
example is growing soybeans in 
the alley between rows of high-
value black walnut trees.  
www.unl.edu/nac/alleycropping.
htm

• Silvopasture—Timber 
and forage production are 
combined on the same acres. 
Trees provide longer term 
returns, while livestock 
generate an annual 
income. Typically these 
are southern pine trees 
planted at much wider 
spacing than in normal 
timber plantations. The 
wider spacing allows 
more sunlight to 
reach the ground 
to produce forage 
for livestock in a 
rotational grazing 
system.    
www.unl.edu/nac/
silvopasture.htm

• Riparian Forest Buffers—Natural 
or planted woodlands are established 
between crop fields and water bodies. 

   (continued on page 3)  

Working 
Trees 

The right trees 
planted in the 

right places for the 
right reason. That’s 

the Working Trees 
message that helps natural 
resource professionals, 

community leaders, and 
landowners identify with the 

concept of agroforestry. The National 
Agroforestry Center uses the 

Working Trees theme to promote 
the development of sustainable 
agriculture and communities.

For more information:
www.unl.edu/nac/workingtrees.htm
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When the area around Edgar, NE, was 
designated a wellhead protection area 
due to nitrate in drinking water sources, 
local farmer Joe McReynolds said, “It 
makes a lot of sense to try and improve 
the water problem with these buffers.” 
Joe farms right next to the town of 
Edgar. “I’ve had good experiences with 
another buffer program,” says Joe, 
“but if I were to take a 100-foot-wide 
strip of land out of production on either 
side of the waterway, I’d lose 12 acres 
of good farm ground. Mike Dosskey’s 
approach of using a minimum buffer 
width in some areas and wider buffers 
where they’re needed puts things where 
they do the most good. And I keep about 
6 more acres in production. It’s a good 
balance.” 

Water quality is near the top 
of just about everyone’s list 

of environmental issues related to 
agriculture and forestry. Many streams 
and lakes around the country continue 
to have declining water quality in 
spite of highly successful point-source 
pollution control programs. Attention 
has turned to nonpoint-source 
pollution—contamination that comes 
from a variety of diffuse sources in the 
landscape. Contaminants from farm 
fields are one example of nonpoint-
source pollution. 

Location, Location, Location

 Scientists, including those at 
the National Agroforestry Center 
(NAC) in Lincoln, NE, are studying 
the effects different land management 
and conservation practices have 
on the delivery of nonpoint-source 
contaminants into streams and lakes. 
From this research have come best 
management practices, conservation 
practice design specifications, policy 
changes, and incentive program 
guidelines. State and Federal programs 

target conservation practices near 
streams and lakes to intercept 
sediment and water runoff from 
agricultural fields. These practices, 
commonly called riparian buffers, 
involve establishing vegetation, 
sometimes rows of fast-growing trees, 
to serve as living water filters. These 
and other buffer practices have been 
key elements in U.S. Department of 
Agriculture programs and initiatives 
for nearly 20 years. 

 So why don’t we just install 
vegetative buffers along every stream 
and lake in the United States as a 
matter of course? First of all, the 
necessary money and resources just 
aren’t available for an undertaking 
that large. Secondly, results are 
inconclusive as to whether 100 percent 
buffering of streams will provide 100 
percent pollution control, though 
research shows that even installing 
some buffers can significantly improve 
water quality. Perhaps the answer lies 
in locating and designing the buffers to 
be as efficient as possible. 

Not All Buffers Should Be 
Created Equal

 To find out how to get the biggest 
bang for the buffer buck, NAC 
scientists in Lincoln, NE, get down to 
the basics, looking at how tree-based 
buffers work, how to design them for 
greatest effect, and where to place 
them on the landscape. 

 NAC riparian ecologist Mike 
Dosskey researches the mechanisms 
that allow grass and tree buffers to 
filter runoff from crop fields. “Much of 
the filtering effect is a result of plant 
material aboveground slowing down 
the surface water runoff, ” says

(continued on page 4)
�

WORKING TREES: CLEAN WATER 
....AND SO MUCH MORE
by Richard Straight

What is Agroforestry?
(continued from page 2)

These living buffers are designed with 
trees, shrubs, and grasses to protect 
water resources by filtering nonpoint-
source pollution from agricultural 
fields.      
www.unl.edu/nac/riparianforestbuffers.htm

• Forest Farming—Forestlands are 
intentionally manipulated to capitalize 
on plant interactions in order to 
produce specific nontimber products. 
Potential forest farming crops include 
herbal plants, fruits and nuts, decorative 
products, and specialty wood products. 
www.sfp.forprod.vt.edu  

The National 
Agroforestry Center

 The National Agroforestry Center 
(NAC) had its origins in the 1990 Farm 
Bill, and was set up in 1992 in Lincoln, 
NE, as a Forest Service Research & 
Development and State & Private 
Forestry technology transfer effort. In 
1995, the effort expanded into a formal 
partnership with the USDA Natural 
Resources Conservation Service 
(NRCS). NAC became an SRS program in 
2005.

 NAC develops and delivers technology 
on a broad suite of agroforestry practices 
and associated technologies. The 
primary audience is the more than 8,000 
natural resource professionals who work 
with farmers, ranchers, and communities 
throughout the Nation.

 This unique partnership enables 
a technology transfer staff composed 
of State & Private Forestry and NRCS 
employees to work directly with SRS 
and other researchers to identify 
natural resource management issues 
and potential solutions. This close 
association also speeds up the process of 
delivering new science to the field in the 
form of how-to publications, tools, and 
information for the general public.    

For more information:   
www.unl.edu/nac/

www.srs.fs.usda.gov
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Tools of the 
Agroforestry Trade

Conservation Planning Atlas

 Regional reconnaissance for 
conservation planning is available 
through a large collection of existing 
resource maps compiled by the 
National Agroforestry Center (NAC) 
in the online Conservation Planning 
Atlas. The maps are designed to help 
the planner determine which issues 
and problems need to be addressed. 
The online Midwest version of the 
atlas is available at www.unl.edu/nac/
atlas/index.htm.

Geographic Information System 
(GIS) Landscape Assessment

 At the landscape (rather than 
regional) scale, there is a need to 
identify desired future conditions, to 
determine if buffers are appropriate, 
and, if so, what is needed and 
how practices should be designed. 
Here, NAC relies on GIS-guided 
suitability assessments. The 
assessments targeted to date are on 
agroforestry products, biodiversity, 
and soil protection and water 
quality. More information is available 
at www.unl.edu/nac/research/
2004riparianconnectivity.pdf. 

Buffer$

 Money is always an issue when 
planning the installation of a buffer. NAC 
has developed Buffer$, a spreadsheet-
based application, to help landowners and 
planners analyze the costs and benefits 
of establishing conservation buffers. 
Buffer$ can calculate potential income 
from a buffer from cost-share benefits, 
growing nontimber forest products, or 
other income opportunities. Managers can 
also compare potential income generated 
by a buffer with that from other crop 
alternatives. Buffer$ can be downloaded 
or a CD of the program requested at  
www.unl.edu/nac/buffer$.htm. 

(continued on page 5)

WORKING TREES: CLEAN 
WATER...
(continued from page 3)

Dosskey. “This gives water more time 
to soak into the soil. Sediments, often 
with chemicals and nutrients attached 
to them, are then deposited within 
the vegetation. The longer that runoff 
water stays in the buffer, the more 
likely contaminants are to get taken 
up into the plants instead of rushing 
directly into the stream or lake or 
down into the ground water.” 

 The typical buffer is a uniform-
width strip of grass, trees, or shrubs 
between a field and stream. This works 
well if the water is flowing off the field 
in a uniform sheet, but that rarely 
happens. Usually the runoff entering 
the buffer is more concentrated in 
some areas and almost nonexistent 
in others. In the areas where it is 
concentrated, runoff can overwhelm 
the buffer, which ends up providing 
little benefit to the stream. 

 In other words, not all buffers are 
created equal. The NAC technology 
transfer staff is working with 
Dosskey to develop guidelines to help 
conservationists design variable-width 

buffers to improve buffer function as 
part of larger, landscape-level efforts. 
“Riparian buffers are only a part of the 
water-quality solution,” says Dosskey. 
“To be most effective, they need to 
be part of a comprehensive plan that 
includes upland conservation practices 
as well.”

More Bang For the Buck

 Water quality isn’t the only bang 
we can get from the buffer buck 
investment. Incorporating Working 
Trees into agricultural landscapes 
produces many environmental benefits 
such as more diverse wildlife habitat, 
carbon storage, odor moderation, 
and soil erosion reduction. There are 
also other potential benefits for the 
landowner such as aesthetics, income 
from alternative crops and products, 
protection of roads from drifting snow, 
recreational opportunities, and energy 
conservation.

 NAC researchers Gary Bentrup 
and Todd Kellerman are working 
with Dosskey to develop a suite of 
planning tools which natural resource 
professionals can use to create buffer 
designs that provide more than just 
water-quality benefits. Limited funding 

compass—march	�007
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for conservation means that practices 
that offer landowners more than 
just one benefit will be more widely 
supported and adopted. But it can 
get very complicated very quickly. 
“We all want conservation buffers 
to simultaneously provide multiple 
benefits like clean water, wildlife 
habitat, and maybe some additional 
income. However, some desirable 
benefits require designs that are 
mutually exclusive,” says Bentrup, a 
research landscape planner.

 Imagine the amount of information 
it would take to run a buffer design 
software program that could 
work through all the possibilities 
to determine the plant species, 
appropriate spacing, and location of 
practices to achieve all the potential 
benefits listed earlier. Even if all of 
the information existed and was 
easily accessible, the program would 
require extensive technical information 
from the land manager about field 
conditions and landowner objectives—
and would probably take forever to 
run.

 Instead of creating one interface or 
software program, NAC has chosen to 

create a coordinated, but independent 
collection of tools to approach issues 
at the regional, landscape, and site 
scales. These independent tools are 
still usable even if someone wants to 
examine only one aspect of installing 
a conservation practice. However, if 
someone wants to look at the potential 
for other benefits or try to understand 
conservation issues at a different 
scale, other tools are also available. 

 NAC’s goal is to provide more than 
just the information; the goal is to 
create tools that people will use. To 
increase the usability of these tools, 
the scientists use input from natural 
resource professionals, land use 
planners, and landowners throughout 
the research development phases. This 
input ensures that the new tools are 
addressing real problems in practical 
ways.  

For more information:  
Richard Straight at 402-437-5178 x24 
or rstraight@fs.fed.us.

Richard Straight, an agroforester with the 
National Agroforestry Center, is based in 
Lincoln, NE.

www.srs.fs.usda.gov 5

Tools
(continued from page 4)

CanVis

 Helping the landowner or 
decisionmaker understand what a new 
practice will look like is an important 
assistance resource professionals can 
provide. NAC, in conjunction with the 
USDA Natural Resources Conservation 
Service and other partners, developed a 
visual simulation kit for natural resource 
professionals that provides the tools 
necessary to transform a digital image of 
the property under consideration into an 
image of what it might look like once the 
management practices are installed and 
adopted. The kit contains: CanVis, the 
image editing program; a visual simulation 
reference guide complete with video clips; 
and a self-paced training tutorial to assist 
in developing image editing skills. The set 
of three CDs is available from NAC at  
www.unl.edu/nac/simulation/index.htm.  

(Photo, below left) Trees, shrubs, and 
grasses along streams reduce negative 
impacts from nearby farmlands. (Photo 
courtesy of National Agroforestry Center)

(Photo, below right) Forest farming involves 
growing crops like ginseng, shiitake 
mushrooms, and decorative ferns under 
the protection of the forest canopy. 
(Photo by Bill Lea, Forest Service retired)
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Silvopasture

 Silvopasture involves adding trees 
to livestock pastures to produce wood 
products, while providing shade, 
shelter, and forage for short-term 
livestock income.  

 In 2000, the National Agroforestry 
Center devoted the entire time of 
one technology transfer specialist to 
soliciting support from conservation 
partners, identifying barriers to 
implementation, and developing a 
silvopasture technology transfer 
program for Georgia, Florida, Alabama, 
South Carolina, and Mississippi. 
The result, a targeted technology 
transfer program, provided training 
to over 500 agency personnel and 50 
consultants; support for landowner 
workshops or field days; silvopasture 
demonstration plantings in 4 States; 
and increased emphasis at universities 
on silvopasture.

A New Interest in Goats

 In the last few years, landowners in 
Georgia, Alabama, Florida, and South 
Carolina started expressing a strong 
interest in using goats in silvopasture 
systems. Raising goats for meat is a fast 
growing agribusiness, but goats favor 
different kinds of forage than cows. 
New research is underway to develop 
silvopasture management systems that 
create the best forage and tree mix 
for goats. In 2006, SRS researchers 
partnered with faculty at Alabama 
A&M University (AAMU) to secure 
two grants to conduct studies on goat 
silvopasture systems. 

 The first grant provided the 
support to convert a 7-year-old 
loblolly pine stand in Epes, AL, into 
a goat silvopasture research and 
demonstration site, while the second 
grant funds detailed research studies 
on the site. In addition, AAMU—in 
collaboration with industry partner 
CellFor Corporation—provided funds 
to install a 12-acre pine silvopasture 
site on the university’s experimental 
site. 

For more information:    
www.unl.edu/nac/silvopasture.htm 

A number of factors—increasing 
input costs, low crop prices, 

and suboptimal yields on marginal 
lands—have combined to lower the 
profitability and endanger the survival 
of small farms throughout the United 
States. Modern agricultural practices 
are also often associated with negative 
environmental impacts. Agroforestry 
systems are designed to alleviate both 
of these problems by diversifying 
production risks, reducing the need 
for petroleum-based inputs, reducing 
wind and water impacts on soils, and 
providing a varied landscape more 
conducive to conserving biodiversity 
and producing ecosystem services. 
With its diverse agricultural and 
forest landscapes, changing rural 
and urban lifestyles, and the need 
to resolve a variety of land use 
problems—erosion, water pollution, 
riparian zone degradation, and threats 
to biodiversity and wildlife—the South 
would seem ripe for the expansion of 
agroforestry. 

A Survey of Land Use Professionals

 In the 1990s, in collaboration 
with North Carolina’s Campbell 
University, SRS researchers 
conducted a survey of 218 southern 
land use professionals employed by 
the Cooperative Extension Service, 
State forestry divisions, and the USDA 
Natural Resources Conservation 
Service to explore the potential for 
expanding the use of agroforestry 
in the South. Those surveyed were 
asked to identify current agroforestry 
systems they were familiar with, state 
whether or not they would recommend 
agroforestry systems to their clients, 
describe what they viewed as the most 

CAN AGROFORESTRY 
WORK IN THE SOUTH?
by Evan Mercer

likely benefits of using agroforestry 
systems, and list obstacles to 
expanding agroforestry in the South.

 Almost two-thirds of the 
respondents indicated that they would 
consider recommending agroforestry 
to small farmers and forest 
landowners, a clear indicator of the 
potential for agroforestry in the South. 
Most (69 percent) of those surveyed 
would recommend silvopastoral 
systems, especially those involving 
cattle. The remaining respondents 
suggested alley tree-cropping systems, 
with grains and soybeans the most 
frequently mentioned alley crops. 
Softwoods were mentioned about three 
times more frequently than hardwoods 
as the tree component of the 
recommended agroforestry systems. 
Loblolly pine was the most commonly 
noted softwood species, with oaks and 
fruit trees the most frequently listed 
hardwood types.

 The five most frequently mentioned 
benefits associated with agroforestry 
were: (1) increased economic returns; 
(2) diversification of outputs and 
incomes; (3) erosion control and soil 
conservation; (4) more regular income; 
and (5) the enhancement of ecosystem 
service benefits such as biodiversity, 
wildlife habitat, and water quantity 
and quality.

 The five most commonly noted 
problems associated with establishing 
agroforestry systems were: (1) 
the effect of livestock on seedling 
survival and soil productivity, (2) 
low productivity or poor economic 
performance, (3) lack of management 
skills and technical knowledge of 
agroforestry, (4) incompatibility 
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between the multiple outputs, and (5) 
high startup and annual management 
costs.

 Southern land use professionals 
reported that agroforestry practices 
have great potential for improving 
the productivity of marginal lands, 
enhancing revenue production 
early in rotations of both softwood 
and hardwood production, and 
as environmentally sensitive yet 
economically attractive alternatives for 
small farmers and weekend hobbyists 
yearning to return to their agrarian 
roots. However, they saw several 
research, training, extension, and 
policy constraints that would have to 
be overcome to realize this potential. 

More Research and Training 
Needed 

 The most common reason for 
rejecting the agroforestry option 
by southern land use professionals 
was the high degree of uncertainty 
associated with what they considered 
an unproven land use. Expanding 
research and disseminating research 
results is one of the most pressing 
needs for southern agroforestry. 
Critical agroforestry research needs 
identified by the survey involved 
methods to improve the economic 
returns and reduce the costs of 
starting and maintaining agroforestry 
systems, enhance the productivity 
of agroforestry systems, predict and 
reduce damage to trees and soils by 
livestock and farming equipment, 
quantify the contributions of 
agroforestry to ecosystem services, 
and develop alternative approaches 
for educating the public and extension 
personnel about agroforestry.

 In addition to research, the 
enhancement of agroforestry extension 
and training is crucial to its further 
expansion. Almost a third of the 
southern land use professionals rated 
the quality of agroforestry technical 

assistance available to landowners as 
“low,” with an average rating of 3.5 
on a scale of 1 to 7. The professionals 
suggested specifically that agroforestry 
extension should expand training 
of extension personnel, develop a 
research base and guidelines for 
the evaluation process, expand 
publicity for agroforestry options, 
develop demonstration sites, improve 
interagency cooperation, and increase 
the number of personnel specialized in 
agroforestry.

Conclusions

 Our research suggests that the 
greatest potential for agroforestry 
in the South lies in its ability to 
improve the productivity of marginal 
lands, reduce soil degradation, 
enhance revenue production in 
the establishment phases of forest 
plantations, and diversify risks and 
improve economic returns for small 
farmers. However, a number of 
critical research questions need to 
be answered to move agroforestry 
forward in the South. For example, 

we need to know if adequate forage 
can be produced to maintain long-
term livestock production in southern 
silvopastoral systems. Can tree 
plantation-row crop systems be 
profitable over several rotations? 
What are the conditions that will lead 
landowners to adopt agroforestry 
systems to increase the productivity 
of marginal cropland or to rehabilitate 
already degraded lands? And finally, 
we need a better understanding of the 
attributes of land use systems most 
desired by southern landowners—and 
ways to determine which agroforestry 
systems are most likely to produce 
the attributes desired while returning 
adequate economic returns.  

For more information:  
Evan Mercer at 919–549–4095 or 
emercer@fs.fed.us.

Evan Mercer is a research economist with 
the SRS Economics of Forest Protection and 
Management unit located in Research Triangle 
Park, NC. 

In pine stands, trees are managed for high-value timber, while the understory 
supports grazing for livestock. (Forest Service photo)



compass—march 200788

Federal Programs Supporting 
Agroforestry

USDA Farm Service Agency (FSA). 
FSA provides incentives for adopting 
agroforestry practices on private lands 
through the Conservation Reserve 
Program, the Continuous Conservation 
Reserve Program, and the Conservation 
Reserve Enhancement Program. These 
programs provide soil rental payments, 
cost shares, and other financial 
incentives to landowners who agree 
to retire or convert agricultural lands 
to alternative uses including riparian 
buffers, windbreaks, and tree planting. 
Learn more about FSA programs in your 
State, at the USDA Service Center locator: 
offices.sc.egov.usda.gov/locator/app.

USDA Natural Resources Conservation 
Service (NRCS). In addition to providing 
technical assistance to landowners 
interested in agroforestry and other 
conservation practices, the NRCS provides 
funding for tree planting (including 
agroforestry) through the Environmental 
Quality Incentives Program (EQIP), 
Wetland Reserve Program (WRP), 
Conservation Security Program (CSP), 
and Wildlife Habitat Incentives Program 
(WHIP). EQIP provides incentive 
payments for alley cropping, riparian 
buffers and windbreaks, and cost shares 
for tree planting. For more information: 
www.nrcs.usda.gov/programs/.

Forest Service. The Forest Service 
encourages agroforestry adoption 
through the Forest Land Enhancement 
Program (FLEP). FLEP provides cost-share 
assistance (up to 75 percent) to owners 
of nonindustrial private forestlands to 
implement management plans to produce 
sustainable public environmental benefits, 
including water from forests. For more 
information about how FLEP operates in 
your State, contact your State forester at 
www.stateforesters.org/SFlist.html.  

I thought I was in a “spaghetti 
western.” I half expected a young 

Clint Eastwood to appear. The 
combination of the familiar with 
slight oddities didn’t jar my senses as 
much as irritate them. The horsemen 
driving the cattle through the grassy 
woodland should have reminded me of 
my Montana days, but the riders were 
gauchos—and the trees were hybrid 
poplars, not Ponderosa pines. 

 The scene came back into focus 
when I remembered I was on a field 
trip with the International Poplar 
Commission, looking at agroforestry 
projects in Eastern Chile and Western 
Argentina. The main “crop” here was 
beef but the trees, destined for a local 
sawmill, would provide the landowner 
with additional income. The appeal 
in the United States of growing trees 
in short rotations of 10 years or less 
has come and gone over the last 
50 years, but short-rotation woody 

WORLDWIDE BENEFITS 
OF SHORT-ROTATION 
WOODY CROPS 
by John Stanturf

crops have continued to be important 
in many other countries. Poplars, 
willows, and eucalypts have been the 
most successful hardwood species for 
short-rotation woody crop production. 
Today there is escalating interest 
worldwide in using these same species 
for biofuels and as feedstocks for other 
bioproducts. 

 At another event, the International 
Poplar Symposium held last summer in 
Nanjing, China, I had the opportunity 
to organize a session on using poplars 
and willows to provide ecosystem 
services such as clean water, soil 
stabilization, and wildlife habitat, 
as well as bioenergy. I grouped 
applications in the following categories 
based on the benefit provided, with 
the implicit understanding that in 
most cases multiple benefits, including 
energy production, can be provided 
simultaneously by these versatile tree 
species. 

Hybrid poplars can be grown with farm crops to produce energy feedstocks while 
providing ecosystem benefits. (Photo by Warren Gretz, National Renewable Energy Laboratory)



www.srs.fs.usda.gov 9

Phytoremediation and Wastewater 
Renovation

 Poplars are particularly attractive 
for pollution control applications. 
They grow quickly and take up large 
amounts of water and nutrients 
such as nitrogen and phosphorus 
as well as other compounds. They 
remove water from the soil through 
transpiration, leaving pollutants 
behind to be held onsite, a process 
called phytoremediation. Nutrients 
are retained in the plant and promote 
growth. Other compounds may be 
held (sequestered) in the plant, or 
transformed into nontoxic compounds 
in plant or soil. Phytoremediation can 
also refer specifically to treating toxic 
nonnutrients such as industrial wastes, 
particularly complex hydrocarbons 
such as benzene. A related process, 
wastewater renovation, involves 
treating nonindustrial wastes such as 
residential sewage. 

Windbreaks, Bank Stabilization, 
and Water Detention and 
Spreading

 Planting trees around field 
boundaries as windbreaks and along 
streams to reduce soil movement by 
wind or water is an ancient practice 
which has continued into the present 
day, especially in drier climates such 
as the Great Plains of the United 
States. Blowing soil damages tender 
young crops; in areas with a lot of 
wind such as our Midwest or oceanic 
islands such as New Zealand, planted 
windbreaks line fields for miles. In 
northern climates, willows are often 
planted as living snow fences; by 
trapping blowing and drifting snow, 
they maintain visibility for motorists 
and protect roads.

 In wetter conditions unsuitable for 
poplars, willows are used to stabilize 
streambanks and slopes; willow roots 
better tolerate flooding and low oxygen 
conditions. Sometimes the greatest 
benefit of the trees is to block or 
control livestock access to streams. In 
semiarid and arid environments, where 
rainfall is infrequent and intense, 
crusts forming on the soil surface keep 
water from moving into, or infiltrating,  
the soil. In Iran, poplars are planted in 
seasonal water courses to slow water 
flow, allowing greater infiltration and 
reducing local flooding. The water 
spreads over a larger area, in effect 
irrigating the trees.

Forest Restoration 

 Forest restoration includes 
reclaiming degraded land, rehabil-
itating forest stands, and planting 
idle agricultural fields to reconstruct 
native forests. The specific problems 
addressed by planting short-rotation 
forests differ by country, site condition, 
and climate.

 In the wheat belt of Western 
Australia, where rainfall is very low, 
replacing the deep-rooted native 
plants with cereal crops eventually led 
to the salinization (high concentrations 

of salt) of soil and ground water 
and the degradation of local lakes. 
Because the crops extracted water 
from less of the soil than did the 
native vegetation, the excess water 
caused a rise in the saline ground 
water. Salt-laden water then moved 
to the soil surface by capillary action 
or flowed to nearby lakes. Poorly 
designed irrigation systems can also 
cause soil salinization. Reversing the 
trend takes time, but planting deep-
rooted eucalypts (called oil mallees) in 
rotation with pasture and cereal grains 
is being tried in Australia. The oil 
mallees will be harvested for essential 
oils and biofuels if the economics work 
out favorably. 

 Desertification processes can be 
reversed at the margins by protecting 
cropland from blowing and drifting 
sand. Sometimes the ability of deep-
rooted trees to tap ground-water 
sources can be critical to the success 
of these green fences. In Northern 
China, drought-resistant poplars, 
pines, and other species are planted 
to push back the encroachment of 
deserts onto arable land.

 Highly disturbed surface-mined 
land is another tough environment 
for plants to grow. Older mining 
processes brought unweathered soil 
and rock material to the surface where 
chemical reactions produced highly 
toxic compounds such as sulphuric 
acid. Newer technologies stockpile 
surface soils removed early in mining, 
which are then spread over the mine 
spoils to create a more hospitable 
habitat for trees. Many local and 
exotic species are used in mined land 
reclamation to establish a tree cover 
for erosion control, aesthetics, and 
wildlife habitat. In Estonia, hybrid 
aspen (aspen is a poplar species) is 
used to reclaim spoils from calcareous 
oil shale mined to produce energy.

The most common motivation for 
forest restoration is to maintain or 
enhance wildlife habitat and

(continued on page 10)
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Worldwide Benefits
(continued from page 9)

biodiversity. Planting short-rotation 
woody crops such as cottonwood 
or willow in with slower growing 
species such as oaks is one approach 
to reconstructing native forests on 
former agricultural land, a process 
called afforestation. After one or 
two rotations of the short-rotation 
crop, the other species is released 
to form a new forest. If all goes as 
planned, other desired native species 
will establish naturally, their seeds 
dispersed by wind, water, birds, and 
mammals into the quickly established 
forest.

Biofuels Complete the Circle

 Projects that yield the combined 
benefits of the ecosystem services 
described above with biofuels offer 
several advantages. For private 
landowners, the potential financial 
return from harvesting short-rotation 
crops is attractive. Fuel production 
from biomass sources benefits society 
because it is “carbon neutral”; it 
doesn’t convert carbon that has 
been stored for a long time as coal 

Improving Buffer Trees: 
The Poplar Genome 
Sequenced

 On September 15, 2006, an 
international team of scientists 
announced the first complete 
genome sequence of a tree, the black 
cottonwood. Black cottonwood is a 
member of the poplar family, which 
is widely used to create buffers and 
restore riparian areas. The research 
is the result of a 4-year scientific 
and technical effort led by the U.S. 
Department of Energy’s Joint Genome 
Institute and Oak Ridge National 
Laboratory that united the efforts of 
34 institutions—including the SRS 
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In Australia, deep-rooted eucalypts reverse soil salinization.    
(Photo by Dennis Haugen, www.forestryimages.org)
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or petroleum into carbon dioxide in 
the atmosphere. The carbon in the 
tree that would have been released 
by decomposition in a relatively short 
time (geologically speaking) is used 
immediately for energy. 

 The amount of biofuels produced 
in the multipurpose situations I’ve 
described may be less than could 
be produced in dedicated bioenergy 
plantations because the trees are 
not grown as intensively or cannot 
be harvested as completely without 
reducing other benefits, but the 
current interest in biofuels may mark 
a return to a greater dependence on 
woody crops for energy. Although 
most of the world’s population still 
depends on firewood to provide 
warmth and cooking fuel, the hallmark 
of an industrialized nation in the 
last century was the shift to fossil 
fuels. Perhaps we are returning, in a 
figurative sense, to our roots in the 
forest.  

For more information:   
John Stanturf at 706–559–4316 or 
jstanturf@fs.fed.us.

John Stanturf is project leader of the SRS 
Disturbance Ecology unit in Athens, GA.

Southern Institute of Forest Genetics 
(SIFG) based in Saucier, MS. 

 SIFG project leader and research 
geneticist C. Dana Nelson and 
research geneticist Nurul Islam-Faridi 
were coauthors of the Science article 
that announced the sequencing and 
assembly of the cottonwood genome. 
Faridi, who also leads the Forest Tree 
Molecular Cytogenics Laboratory 
at Texas A&M University, contributed 
the studies of chromosome structure 
that helped the team to reassemble 
the genome and begin to locate genes 
of both evolutionary interest and 
economic importance. 

 The poplar genome was sequenced 
using the “shotgun” method. The 

DNA molecule is broken into small 
fragments which are then sequenced 
separately. A computer program finds 
sections of matching sequences that 
researchers use to patch the genome 
back together on “scaffolds” that 
represent the chromosomes. One of 
the problems with this method is that, 
like the genomes of most species, the 
poplar genome contains significant 
repetitive sequences, what used to 
be called “junk DNA.” When these 
repetitive sequences are cut up, they 
can be put back together in more than 
one way.

 Since poplar has only 19 chromo-
somes, in theory there should be 
19 scaffolds, but at one point in 
the poplar project, researchers had 

assembled 2,447 possible scaffolds. 
Faridi’s first task was to physically 
locate and validate the positions of 
major repetitive DNA sequences on 
the poplar chromosomes. The next 
step is to assign and position as 
many scaffolds as possible to the 19 
chromosomes.  

Ultimately, this information will be 
used to further improve the traits in 
poplars that already make them so 
important for buffers and riparian 
zone restoration projects.    —ZH 

For more information: 
Dana Nelson at 228–832–2747, x201 
or dananelson@fs.fed.us.

Nurul Faridi at 979–862–3908 or 
nfaridi@fs.fed.us.

��www.srs.fs.usda.gov

Short-rotation woody crops grown for phytoremediation and water retention 
purposes are receiving increasing interest as bioenergy sources. (Photo by Warren 
Gretz, National Renewable Energy Laboratory)
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RESTORING 
NATIVE 
PLANTS 
AND TRIBAL 
TRADITIONS 
IN ARIZONA
by Claire Payne

The Hopi Tribe of northern 
Arizona uses native willows, 

cottonwoods, and aspen in the cultural 
traditions of gathering, weaving, and 
celebrating tribal ceremonies. On the 
Hopi Reservation, these plants grow 
in wetland and riparian communities 
that make up only about 2 percent 
of the arid landscape. The nonnative 
invasive plants saltcedar and Russian- 
olive have invaded and transformed 
these rare communities by lowering 
the ground-water level. A single 
saltcedar tree can suck up 20 gallons 
of water in a day. The arduous task of 
removing these invasive plants is being 
compromised because both species so 
readily resprout. 

 The Hopi are charter members of 
the Intertribal Nursery Council (INC), 
a Forest Service initiated, tribally 
guided organization that serves as a 
forum for transferring plant and tree 
nursery technology. Through the INC, 
the Hopi requested Forest Service help 
in restoring their wetland and riparian 
communities. SRS nursery specialist 
Kas Dumroese and intertribal nursery 
coordinator Jeremy Pinto lead this 
partnership effort. 

 This partnership focuses on 
identifying, collecting, propagating, 
and planting native plants for 
restoration; fostering conservation 

education; and providing a facility 
that combines education and plant 
propagation. Using Forest Service 
funding and expertise, Hopi tribal 
members built the Cultural Plant 
Propagation Center (CPPC) at the 
Moenkopi Day School in Tuba City, 
AZ. Dedicated in April 2006, the CPPC 
provides a place where Hopi and 
Navajo children receive environmental 
education and hands-on experience 
growing plants. Students, teachers, 
and natural resource professionals 
work together to produce native 
plants—including narrowleaf yucca, 
three-leaf sumac, and fourwing 
saltbush—for special tribal use. 

 Willows, poplars, and aspen belong 
to the family Salicaceae. Salicaceae 
species are dioecious, meaning that 
plants are either male or female, and 
cannot self-fertilize. Riparian sites 
on the reservation are far apart and 
frequently have plants of only one sex, 
making it impossible for natural sexual 
reproduction to occur. In addition, 
these stands have been damaged 
by grazing, invasive species, and/or 
drought, so propagation potential 
is greatly reduced. To produce the 
number and quality of Salicaceae 
plants desired by the tribe, experts 
from the Forest Service and the USDA 
Natural Resources Conservation 
Service (NRCS) have trained the Hopi 
in proper collection and propagation 
techniques. Collected plant materials 
are being used in the Moenkopi CPPC 
and in the NRCS, Los Lunas Plant 
Materials Center in New Mexico to 
produce plants for restoration. 

 New techniques, like stacked 
propagation, are being tested to 
meet the unique needs of the Hopi. 
Developed by Larry LaFleur of Smoky 
Lake Nursery, stacked propagation 
makes use of two characteristics of 
aspen: the rapid and extensive root 
growth of seedlings, and the fact that 
severed roots will form new shoots. 
For this technique, a seedling is placed 
in an upper container of Styroblock®, 
and lower blocks are filled with growth 
medium. When roots from the seedling 
grow into the lower blocks, the roots 
can be severed. New shoots should 
form from the pruned root systems.  

The western contingent of the 
National Agroforestry Center, 
Dumroese and Pinto are the 
only Forest Service Research & 
Development members of the Forest 
Service Reforestation, Nurseries, 
and Genetics Resources National 
Team. Dumroese provides science 
delivery to tribal, State, and private 
nurseries, and edits three publications: 
Forest Nursery Notes, the Native Plants 
Journal, and the National Nursery 
Proceedings. As the intertribal nursery 
coordinator, Pinto organizes the 
annual INC meeting, which serves as 
forum for technology transfer and as a 
network for tribal members interested 
in propagation of native plants.  

For more information: 
Kas Dumroese at 208–883–2324 or 
kdumroese@fs.fed.us.
Jeremy Pinto at 208–883–2352 or 
jpinto@fs.fed.us.

Significant Plant Species on the Hopi Reservation

Native plants

Fourwing saltbush Atriplex canescens (Pursh) Nutt.
Cottonwood Populus L.
Quaking aspen Populus tremuloides Michx.
Three-leaf sumac  Rhus trilobata
Willow Salix L.
Narrowleaf yucca Yucca angustissima 

Invasive plants

Russian-olive Elaeagnus angustifolia L.
Saltcedar Tamarix ramosissima Ledeb.

��www.srs.fs.usda.gov

(Photo, left) Hopi and Navajo children get 
hands-on experience growing plants at 
the Cultural Plant Propagation Center 
built by the Hopi Tribe at the Moenkopi 
Day School in Tuba City, AZ, with 
funding and technical support from the 
Forest Service. (Photo by Tom Landis, Forest 
Service)
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KEEP THAT 
WATER 
MOVING
by Zoë Hoyle

Millions of acres of land across 
the United States are polluted 

with wastes ranging from coal 
ash to spent uranium, on sites so 
toxic they’re often fenced off from 
human and animal use, sometimes 
covered with nets to keep out birds. 
Unfortunately, a fence can’t stop those 
toxins from moving through the soil 
into ground water—and then into 
streams and rivers. So what can you 
do to protect water quality after the 
fact? 

 Managers at the Savannah River 
Site (the Site) in South Carolina 
turned to trees for help in cleaning 
up radioactive waste, in an ingenious 
solution that could not have gotten 
started without data from the long-
term research conducted at the 
Coweeta Hydrological Laboratory in 
Otto, NC.

 Located about 20 miles south 
of Aiken, SC, the Site encompasses 
about 310 square miles of South 
Carolina Coastal Plain—a flat, 
scrubby landscape of mixed pine 
and hardwood forests. The Federal 
Government bought the Site in the 
early 1950s to produce materials 
for nuclear weapons. Though the 
five reactors built on the Site were 
shut down by 1988, numerous 
defense activities continue, and 
a priority mission is the cleanup 
of legacy wastes. The Site’s 

mission as a research park enables 
cooperative studies of a broad 
range of environmental restoration 
and remediation projects involving 
numerous university, Federal, and 
State cooperators. 

 Site managers discovered that 
rainwater was running through 
an old radioactive burial ground 
where tritium-contaminated waste 
was stored, forming a plume of 
contaminated ground water. A 
radioactive element first discovered in 
1934, tritium reacts readily with water 
to form tritiated water. At the Site, 
tritiated water was leaching into the 
ground water—and then into nearby 
Fourmile Branch, a tributary of the 
Savannah River. 

 Not a small leak either, more like 
millions of gallons of tritiated water a 
year. It was the single greatest source 
of tritium in the Savannah River. 
Something had to be done. 

 At the time, cleaning up a site 
like this involved complex and 
expensive engineering systems for 
treating waste onsite—often by 
separating the contaminant from the 
soil or vegetation and then burying 
the residue in a special basin. It’s 
an incredibly expensive process. 
Site managers were looking for a 
simpler way to reduce the possible 
risk from tritium to as close to 
zero as possible. The situation 
presented the opportunity to try out 
phytoremediation, a relatively new 
approach that seemed tailor made for 
a forested research park in the sunny 
South. 

 Phytoremediation uses plants (the 
prefix phyto refers to things botanical) 
to remediate (set right or restore) 
sites by breaking contaminants down 
in the soil, sequestering them in 
plant tissues, or releasing them into 
the atmosphere. More specifically, 
phytoremediation harnesses 
transpiration—the unique power of 

plants to move water from the soil 
through their tissues and out through 
their leaves. Because trees can move 
so much water (as much as a ton a 
day in some places), they’re often the 
plant of choice for phytoremediation.

Long-Term Data Proves its Mettle

 Just up the hill from the leaking 
burial site is a small forest. The team 
tasked with the cleanup project came 
up with the idea of pumping the 
contaminated water up to the forest, 
letting the trees disperse tritiated 
water to the atmosphere. But before 
they started the project, they needed 
some assurance that a tree-based 
system could actually work. 

 “The Site’s team naturally turned 
to the Forest Service, which came in to 
reforest and manage natural resources 
on the Site in the 1950s,” says John 
Blake, Forest Service Savannah River 
assistant manager for research. “They 
had some basic questions. Could tree 
transpiration really control how much 
contaminated water leached into 
ground water and nearby streams? 
If so, what effect would time of year, 
site vegetation, soils, and root systems 
have on how much water the trees 
could move?”

 For answers, they turned to the 
long-term research set up decades 
before at Coweeta by Wayne Swank 
to study how evapotranspiration 
(evaporation from tree leaves and the 
soil) from forest stands affects stream 
discharge at different landscape levels. 
They added regional data and results 
from water uptake experiments on 
the Crossett Experimental Forest 
in Arkansas. “Based solely on the 
reliability of estimates provided by 
long-term Forest Service research, the 
Site invested several million dollars in 
an experiment to manage the tritium 
discharge,” says Blake. 

 In fall 2000, the Site cleanup team 
worked with SRS and university 

(continued on page 16) 
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(Illustration, left) From Green Thoughts III, a 
painting by Richard Pratt, an artist living 
in Knoxville, TN.  In 2006, Pratt started 
a new series of “sois-bois” (under the 
forest canopy) paintings he calls “green 
thoughts in a green shade.” To view 
additional works, go to RichardPrattOnView.com.
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information useful for developing 
future ground-water management 
and remediation strategies at the Site 
and other facilities located in similar 
landscapes.”

 Future studies include expanding 
the phytoirrigation treatment to young 
plantations using the short woody 
crop rotation studies Mark Coleman 
(SRS biological scientist located at the 
Site) has established for research on 
intensive management of southern 
pines for biomass.  

 Savannah River Site: www.srs.gov/
general/srs-home.html

 For more information about the 
Savannah River Site, see page 36. 

 For more on Mark Coleman’s work 

on short rotation woody crops, see 

Locally Grown Power starting on page 8 

of Issue 1 of Compass, available online 

at www.srs.fs.usda.gov/compass/

winter2005/index_winter2005.htm.

For more information: 
John Blake at 803–725–8721or 
jblake@fs.fed.us.

Keep That Water 
Moving
(continued from page 15)

partners to install and test the two 
components of what became an 
experimental—eventually, fully 
operational—phytoirrigation system. 
As a first line of defense, they built a 
dam and a 2.6-million-gallon retention 
pond at the base of the old burial pit 
to prevent contaminated ground water 
from flowing into Fourmile Branch. 
Evaporation from the pond surface 
was also expected to contribute 
to remediation. For the second 
component, the cooperators designed 
a system that pumps water from the 
pond up the hill into a 22-acre forest 
of mostly loblolly and slash pine, 
where a sprinkler system adds another 
opportunity for evaporation. When 
the contaminated water reaches the 
ground, it is taken up and transpired 
from the trees, the tritium released to 
the atmosphere.

 “Every part of the system was 
designed to take advantage of 
evaporation,” says Blake. “But the 

assumption was that the greatest 
amount of tritium removed from the 
system would be that transpired into 
the atmosphere from tree leaves.”

 In April 2001, cooperators installed 
a monitoring system to validate the 
estimates used to start the project, and 
to provide the data needed to develop 
a method to regulate irrigation on both 
a daily and seasonal basis. At the end 
of 3 years, cooperators—including 
former SRS forest hydrologist Chris 
Barton—published their findings 
in a special issue of the journal 
Environmental Geosciences. As of March 
2004, 35.2 million gallons of water 
had been irrigated, and tritium activity 
in Fourmile Branch reduced by almost 
70 percent as a result of both pond 
storage and evapotranspiration from 
the forest. 

 “The project validated the 
reliability of the estimates used to start 
it, while saving the Site the hundreds 
of millions of dollars alternative 
cleanup technologies would have 
cost,” says Blake. “As an experiment, 
it also provided new knowledge 
such as water uptake in winter, 
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Phytoremediation uses plants to decontaminate soils or water by containing, 
degrading, or removing the contaminant. (Illustration by Rodney Kindlund)
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Phytoremediation Basics 

Phytoremediation is the use of plants 
to decontaminate soils or water by 
containing, degrading, or removing 
the contaminant. Transpiration is one 
of the primary processes harnessed 
by phytoremediation to clean up 
contaminated ground water.

Transpiration describes the overall 
process of the absorption of water by 
a plant (usually through the roots), 
the movement of water through the 
plant, and the loss of water to the 
atmosphere through small openings 
on the undersides of leaves called 
stomata. 

Evapotranspiration is defined as 
the water lost to the atmosphere 
from the soil and transpiration by 
plants. The evaporation aspect of 
evapotranspiration is essentially 
evaporation of water from plant leaves.

Mineralization is the process of 
converting a metal or other substance 
to a mineral by combining it with 
another element such as oxygen. 
In trees, toxic compounds are often 
mineralized into their components, 
which are then used to build leaves, 
stems, and roots. 

Volatilization describes what 
happens when volatile organic 
compounds (organic chemicals that 
evaporate easily at room temperature) 
are taken up and transpired with water 
vapor or diffused out of leaves, stems, 
and roots. 

Biodegradation involves microbial 
organisms, which break down (or 
transform) contaminants into smaller 
compounds through metabolic or 
enzymatic processes. The final product 
of biodegradation is often carbon 
dioxide or methane. Sometimes 
the process is also referred to as 
biotransformation.  

www.srs.fs.usda.gov �7

At the Savannah River Site, water 
contaminated with tritium is pumped 
up a hill into a small forest and applied 
to the ground with a sprinkler system. 
(Photo by John Blake, Forest Service)
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Across the country in northcentral 
Texas, researchers from the SRS 

Coweeta Hydrological Laboratory 
in Otto, NC, used a more “individual” 
approach to find out how well 
cottonwoods cleanup an industrial 
solvent. 

 U.S. Air Plant 4 near Fort Worth, 
TX, was built in 1942 and has 
produced F–16 airplanes, radar units, 
and aircraft and missile components. 
The plant generated about 2.5 tons 
of waste a year—solvents, oils, 
fuels, paint residues, and other 
chemicals—including the chlorinated 
solvent trichloroethene (TCE). In the 
1970s, most of the waste was treated 
onsite; over time, spills and leaks from 
holding tanks contaminated ground 
water on the base with low levels of 
TCE. In 1985, a plume containing TCE 
and other chemicals was detected in a 
nearby aquifer. 

 In 1996, the U.S. Geological 
Survey, in cooperation with the U.S. 
Air Force, installed a study to test 
whether stands of eastern cottonwood 
trees could reduce the amount of 
dissolved TCE in the ground water and 
the aquifer. The hypothesis was that 
cottonwood trees could accomplish 
this by pulling up contaminated 
water and releasing TCE into the 
atmosphere through transpiration 
or by accumulating TCE in wood—a 
process called phytoremediation.

 Cottonwood was a natural choice 
for the project. It grows quickly, has 

high transpiration rates, and puts out 
deep roots that tap into ground water; 
previous experiments had shown that 
the tree can metabolize TCE. For the 
study, researchers installed hundreds 
of cottonwood cuttings (whips) and 
1-year-old seedlings on a 9.5-acre 
site on the golf course of the Naval 
Air Station adjacent to the old Air 
Force plant. Whips and seedlings 
were planted in separate plantations, 
their long sides perpendicular to the 
contaminated ground-water plume 
coming from the Air Force plant. Each 
plantation was about 235 feet long 
and 50 feet wide. 

An Individualistic Approach

 To be an effective tool for cleaning 
up TCE, the cottonwood trees needed 
to transpire large amounts of water 
from areas in the soil where TCE 
concentrations were the highest. 
To determine the phytoremediation 
potential of the trees, researchers 
installed an extensive ground water 
and transpiration monitoring system. 
They constructed a ground-water flow 
model based on monitoring data and 
coupled it to the transpiration model 
developed by Coweeta researchers Jim 
Vose and Wayne Swank, who were 
using recently developed techniques 
to directly measure transpiration 
on individual trees to come up 
with more accurate estimates and 
models. Because of their expertise 
in transpiration measurement and 
modeling, Coweeta researchers 
were asked to participate in the 
project, with funding provided by the 
Department of Defense. 

T IS FOR TEXAS...AND TCE
by Zoë Hoyle

�8

SRS researchers verified that 
cottonwood tree plantings reduced the 
chlorinated solvent present in ground 
water that had been polluted by 
manufacturing processes. (Photo by Barry 
Clinton)
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 “It was assumed that cottonwoods 
might work well in the subhumid 
climate of northeastern Texas, but 
the agencies involved wanted more 
specific information about how well 
these stands would remediate TCE,” 
says Vose. “Though it was expected 
that soil microbes would biodegrade 
some of the substance, transpiration 
was the primary mode for removing 
TCE.”

 At the time, not many studies 
had been done on tree or stand-level 
transpiration, and most of those 
were based on data from gauged 
watersheds. “You have to thoroughly 
assess water-use patterns—
transpiration rates, depth of soil water 
uptake, interactions with climate—to 
provide accurate information for 
phytoremediation purposes,” says 
Vose. 

 SRS researchers monitored sap flow 
of individual trees in each plantation 
to find out how much water was 
transpired, using a statistical sampling 
of trees and model-based scaling 
to estimate total transpiration from 
each plantation. “There isn’t any 
way to directly measure stand-level 
transpiration,” says Vose. “But this 
tree-based approach gets us closer 
than previous methods.” 

 When they analyzed data after 
the third growing season, researchers 
were not surprised that TCE was still 
entering the nearby aquifer; it can take 
at least a decade for trees to reach 
peak efficiency. They were, however, 
encouraged to find that the volume 
of water moving past the trees was 
reduced by 12 percent, and that the 
mass of TCE moving out of the site 

was down by 11 percent. This showed 
that after only 3 years, the trees were 
removing TCE from the aquifer. After 
7 years, project researchers concluded 
that the cottonwood stands could 
substantially reduce the mass of TCE 
in ground water, primarily through 
transpiration. 

 SRS researchers also compared 
the effectiveness of planting 1-year-
old seedlings at a cost of $8.00 each 
versus whips at $0.20 each. At the 
beginning of the study, seedlings 
had much higher transpiration rates, 
but in just a few years, their findings 
showed sap flow rates in whips greater 
to or equal to those in seedlings. 
In the long run, planting the whips 
might be more cost effective for most 
phytoremediation situations.

Core Issues

 Coweeta researchers Barry 
Clinton and Vose went a step further, 
using stable isotopes of hydrogen 
and oxygen and tree coring to find 
out which source—surface water or 
ground water—the cottonwoods were 
drawing most of their water from. The 
study was the first attempt to look 
at the water habits of a specific tree 
species on a site where the primary 
purpose for growing the trees was to 
reduce the contaminant load in ground 
water. 

 “Using plants to metabolize or 
store pollutants is very attractive, but 
you need a full understanding of the 
water-use patterns of the plant species 
to be successful,” says Vose. “Water 
use by cottonwoods varies with how 
much water is available, which allows 
the tree to survive in dry climates. 
When it rains, they switch to surface 

sources, which means they won’t 
be as efficient in taking up TCE from 
ground water.”

 The researchers irrigated a study 
area to the rate of a typical rain 
event. Using the isotopes to mark 
the two different sources of water, 
they looked at changes in soil water 
content, sap flow rates, and TCE 
concentrations in tree tissues. They 
found that water from irrigation on 
the surface was taken up first, slowing 
down the uptake of polluted ground 
water. If trees switch to surface water 
sources when there is adequate 
supply, the overall effectiveness of the 
treatment will decrease—especially 
in high-rainfall regions—because less 
pollutant is extracted from ground 
water, a finding that emphasizes the 
need for good local climate data. 

 More precise data allows site 
managers to plan phytoremediation 
projects for maximum effectiveness. 
“It isn’t really practical to use 
individual tree studies to monitor and 
predict transpiration rates for every 
phytoremediation,” says Vose. “The 
results from these studies can help 
develop predictive tools to provide the 
species and site-based estimates of 
transpiration needed to design effective 
phytoremediation projects.”  

For more information: 
Jim Vose at 828–524–2128, x114 or 
jvose@fs.fed.us.

For more information about 
transpiration and other water research 
at the SRS Coweeta Hydrologic 
Laboratory, read Widening the Lens in 
Issue 5 of Compass, available online 
at www.srs.fs.usda.gov/compass/
issue5/02wideninglens.htm.
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GREENING AT 
THE SEAMS
by Zoë Hoyle

Chris Barton grew up in Kentucky, 
where mountaintop coal mining 

has definitely made its mark. Surface-
mined land there has been compared 
to the surface of the moon; unlike the 
moon, there is water on the land, but 
it’s usually been polluted by the acid 
drainage that forms when pyrite, the 
sulfide mineral found in coal seams, 
is exposed to air and water. Once 
pyrite is disturbed, the resulting acid 
drainage, which carries harmful metals 
and acidifies streamwater, can last 
for thousands of years. In the United 
States alone, some 12,000 miles of 
streams and 180,000 acres of lakes 
and reservoirs are impacted.

 Acid drainage is not just a mining 
problem, but can occur anywhere 
pyrite-enriched coal or its byproducts 
are stored. At the Savannah River 
Site (the Site) near Aiken, SC, a 
million tons of fly ash and coal 
rejects—byproducts of electric power 
generation—were dumped into 
an unlined earthen basin from the 
early 1950s until the mid-1990s. 
Located less than half a mile from the 
Savannah River and just a few hundred 
feet from a nearby wetland forest, the 
18-acre basin was not protected from 
rainfall; over the years the wastes 
exposed to rain and air formed an 
acidic plume that polluted nearby 
ground water and wetlands.

How Can Trees Grow in Acid?

 Barton first came to the Site as a 
postdoctoral student working for the 
SRS Center for Wetlands Research 
on the Carolina bays restoration 

�0 compass—march 2007

Acid drainage forms when pyrite, the 
sulfide mineral found in coal seams, is 
exposed to air and water. (Photo by Chuck 
Meyers, USDI Office of Surface Mining)
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project (see “Restoring Depressional 
Wetlands” on page 25). Later hired by 
the center as a forest hydrologist, he 
took on additional projects, including 
the tritium phytoremediation study on 
the Site. Even though he had plenty 
to do, he found himself drawn to the 
familiar wasteland of the coal ash 
basin. 

 “Site managers were faced with a 
costly cleanup,” says Barton. “Digging 
up the million tons of contaminated 
soil in the basin and shipping it off 
for burial somewhere else would 
cost millions of dollars. The other 
alternative, building an impermeable 
surface over the 18-acre basin, was 
also very expensive.”

 Site managers saw another 
opportunity to test whether 
phytoremediation—using trees to 
pump and treat water—could play a 
part in cleaning up a waste problem 
common to every place that’s been 
industrialized or electrified. It just so 
happened that Barton had worked 
on a minesite as part of his graduate 
studies.

 Barton got involved in a plan SRS 
scientist Don Marx (since retired) and 
the Site cooperators came up with to 
reduce acid drainage by covering the 
basin with a mature closed-canopy 
pine forest. Most of the rainwater 
falling on the basin would be taken 
up by the trees and released through 
evapotranspiration, while tree roots 
would stabilize the soil and keep it 
from eroding and transporting waste. 
With cooperators from the University 
of Georgia, Barton did extensive 
studies to establish the geochemistry 
of the waste site, and drainage under 
a variety of conditions. Their findings 
confirmed that the forest remediation 
plan should work. The next step was 
to figure out how to grow a pine forest 
on soil turned acidic by coal waste. 

 “The basin was actually worse 
than the minelands I had worked on,” 

says Barton. “The soil had a pH of 
1.0, roughly that of battery acid. Most 
plant physiologists will tell you that 
trees won’t grow in soil with a pH less 
than 3.0. There was no vegetation, just 
some clumps of sedge and grass at the 
edge. How were we going to get trees 
to grow there?”

 The logical step would be to apply 
some sort of dry cover—a layer of soil, 
compost, or other organic material—
that would change the acidity of 
the soil to allow tree growth. The 
researchers decided to study different 
dry covers as a second component of 
phytoremediation. The ideal ground 
cover would both slow the movement 
of water and encourage bacterial 
activity, reducing the oxygen and 
water available to transform pyrite in 
the coal waste into acid drainage.

 In 1999, the cooperators 
established a 4-acre study on the 
basin to test how well different surface 
and subsurface treatments improved 
the survivability of trees on the 
toxic site. They applied techniques 
developed earlier by Marx using the 
natural symbiosis between roots and 
soil microbes to help trees to survive 
in the harsh environment. In 2001, the 
research group planted loblolly and 
Virginia pines on the experimental 
plots, choosing these trees because of 
their longer growing season and past 
performance on acidic minesites. 

 “We ripped the soil and put a lot 
of manure on the basin plots,” says 
Barton. “Over time, the pines on the 
basin grew faster than trees on the 
native Coastal Plain soil, which tends 
to be nutrient poor. The important 
thing is that we found relatively 
inexpensive treatments that allowed us 
to grow trees on a very acidic site for 
phytoremediation purposes.”

New Forests on Mined Slopes

 Now assistant professor in 
forest hydrology at the University 

of Kentucky in Lexington, Barton 
is still growing trees on coal waste, 
but on a much larger scale. Over 
the last 4 years, he and a multitude 
of cooperators have planted nearly 
2 million trees on over 2,500 acres 
reclaimed from surface mining. Again, 
it’s all about how you prepare the 
surface. 

 As the least expensive way to get 
coal out of the ground, mountaintop 
removal has been the method of 
choice for the past 20 years. To get to 
the coal, operators first remove all the 
vegetation and topsoil from the site, 
taking out layers of rock and soil until 
they hit a coal seam. Traditionally, 
they dump what they take out—the 
spoil—into nearby hollows, where it 
is graded and compacted and then 
replanted to meet Federal requirements 
for postmine use. 

 But trees won’t grow well in 
the soil compacted by grading and 
contouring. Operators were failing 
in their requirements to restore trees 
to an area that had been 95 percent 
forest before mining. In many places, 
reclamation meant big grassy patches 
on steep slopes bisected by eroded 
drainage ditches running acid-rusted 
water. Everyone knew it wasn’t good 
enough. Local water supplies were 
still polluted with iron, sulfate, and 
manganese. Some streams were 
literally covered up by spoils; erosion 
was pushing huge sediment loads into 
others.

 With funding from the Forest 
Service and others, the University 
of Kentucky began a mineland 
reforestation research project to 
develop better techniques to replant 
trees, and to test how well forests 
could clean up water polluted by acid 
drainage. The change in approach they 
came up with was simple, but had to 
be proven effective before operators 
and regulators would adopt it.

(continued on page 22)
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GREENING AT THE SEAMS 
(continued from page 21)

 “The Surface Mining and Control 
and Reclamation Act of 1977 required 
operators to return the site to as close 
to the original contour as possible. 
To achieve this, they were grading to 
the point where the land was reduced 
to a parking lot,” says Barton. “We 
persuaded them to just leave the spoils 
on the site, and to minimize grading.” 

 Barton and partners planted 
millions of hardwood, poplar, and 
conifer seedlings on three sites in 
eastern Kentucky where the spoil had 
been dumped loosely, using three 
compacted sites for comparison. “The 
difference between the two types of 
sites was immediately apparent,” 
says Barton. “Forests grew quickly 
on the loose rubble, while the other 
sites were barely able to maintain a 
few trees. We are now seeing over 80 
percent success in replanting forests 
on minelands, as opposed to the 20 
percent operators were getting before. 
It’s also much more economical, 
saving operators up to $2,000 an 
acre.”

It’s More Than Growing Trees

 “We’re not just growing trees 
on mineland, but trying to restore 
the functions of the forest, its ability 
to reduce flooding, erosion, and 
sedimentation, and improve degraded 

water quality,” says Barton. “We 
constantly monitor water from 
rainfall, runoff, and infiltration on the 
research sites. We’re seeing a definite 
improvement in water quality as trees 
grow older and forests naturalize.” 

 So, how did his research with SRS 
at the Site inform the work Barton 
does now? 

 “At the Site, we had to build 
partnerships to work within 
regulations from several government 
agencies, and to coordinate research,” 
says Barton. “There were a lot of 
hoops to jump through before we 
got to plant the first tree there. The 
experience was invaluable to my 
present situation, which involves 
working with even more partners 
from Federal, State, and local 
government, the coal mining industry, 
environmental groups, educational 
institutions, and civic groups.”

 “How much time do I spend 
working with people? Probably around 
80 percent, but for me, it’s time 
well spent. What we’ve learned is 
applicable to almost any contaminated 
land; it’s a matter of applying the 
chemistry and physics—and then 
working with partners to get the trees 
in the ground.”  

For more information: 

Chris Barton at 859–257–2099 or 
barton@uky.edu.

How to Reclaim Coal-
Mined Land to Forest

  Formed in 2003, the Appalachian 
Regional Reforestation Initiative 
(ARRI) is a coalition of groups, 
including citizens, industry, and 
government (including the Forest 
Service), dedicated to restoring forests 
on coal-mined lands in the Eastern 
United States.

  ARRI advocates a five-step forestry 
reclamation approach:

1. Create a suitable rooting medium no 
less than 4 feet deep and made up of 
topsoil, weathered sandstone, and/or 
the best available material.

2. Loosely grade the topsoil or topsoil 
substitute to create a noncompacted 
growth medium.

3. Use ground covers that are 
compatible with growing trees.

4. Plant two types of trees—early 
successional species for wildlife 
and soil stability, and commercially 
valuable crop trees.

5. Use proper tree planting techniques.

The specifics for each of these steps 
are available from the ARRI Web site 
under Forest Reclamation Advisories or 
at arri.osmre.gov/PDFs/FRA_No.2.pdf.

  Funded by the Forest Service, 
Chris Barton, assistant professor of 
forest hydrology at the University of 
Kentucky, made a 30-minute video 
explaining the process. You can watch 
it as streaming video on the Southern 
Regional Extension Forestry Web 
site at sref.info/video/reclaiming or you 
can order the DVD through the New 
Products Section (see page 42).  

For more information:

ARRI: arri.osmre.gov/
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Thousands of native hardwoods have 
been replanted on mine reclamation 
sites in the past decade. (Photo by Chuck 
Meyers, USDI Office of Surface Mining)
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SNAPSHOT 
FROM THE FIELD...
Wayne Swank recalls the excitement of 
leading the development of long-term 
ecosystem research at Coweeta.

 Though the term “ecosystem” 
had been coined by British ecologist 
A.G. Tansley back in the 1930s, the 
1960s were exciting times for budding 
ecosystem scientists. Major advances 
in developing a systems approach 
to ecosystems were unfolding at 
the University of Georgia (UGA) 
Institute of Ecology under the 
leadership of E.P. Odum. Energy and 
materials budgets were at the core 
of the systems approach. Wayne 
Swank and colleagues from UGA 
recognized the value of using the 
paired watersheds at the Coweeta 
Hydrologic Laboratory in Otto, NC 
for ecosystem studies, and led the 
expansion of the Coweeta research 
program to include studies of 
biogeochemical cycling processes. 

 Swank began his career at Coweeta 
as a research forester in 1966, served 
as acting project leader from 1968 
to 1970, then as project leader from 
1984 until his retirement in 1999. 
With the exception of a 1-year leave 
of absence to serve as a program 
director of ecosystems studies at 
the National Science Foundation 
(NSF) in 1976, Swank spent his entire 
research career at Coweeta. He also 
held adjunct professor appointments 
at six universities, most notably UGA 
and Clemson University. Over the 
years, he coauthored more than 200 
publications, and mentored hundreds 
of graduate students, undergraduates, 
and young scientists. Swank played an 
integral role in Coweeta’s involvement 
in NSF-funded research associated 
with the International Biological 
Program (IBP) and the Long-
Term Ecological Research (LTER) 
Program.

 Though Swank officially retired in 
1999, he continues to play an active 
role in the Coweeta research program 
as an emeritus scientist. The following 
is a result of conversations with him in 
late 2006.

How did you end up at Coweeta?

 Several factors were involved in 
choosing the job at Coweeta. First 
and foremost, as I was finishing a 
Ph.D. program at the University of 
Washington and started looking for a 
job, there were only three available in 
my field—Coweeta, the University of 
Arizona, and the University of Alaska. 
Of course, I was aware of Coweeta’s 
outstanding reputation in forest 
hydrology, and I was also strongly 
influenced by research and staffing 
plans that John Hewlett (project 
leader at Coweeta from 1959 to 1964) 
had formulated around the hydrologic 
cycle of watersheds. This integrated, 
interdisciplinary program was very 
similar in concept to the Fern Lake 
watershed project I worked on for 
my Ph.D., which was one of the first 
ecosystem programs in the country. 
Another attraction of Coweeta was 
that I already knew two of the staff 
at the lab—Norm Miner and Dave 
Helvy. Another important aspect 
was that my wife, Roberta, and I had 
been in the Pacific Northwest for 8 
years. We had three children whose 
grandparents were in the East, and 
they needed to know each other better.

What unique opportunities does 
long-term research provide?

 A long-term perspective is 
particularly important in forest 
environment and ecosystem research 
because of the longevity and 
complexity of forests. One of the major 
benefits of long-term, interdisciplinary 
research is the ability to evaluate 
landscape management practices and 
natural disturbances in the context of 
basic scientific inquiry into ecosystem 
structure and function.

 Long-term research has provided 
substantial insights into complex 
questions and issues such as forest 
productivity and sustainability, acid 
deposition, ecosystem management, 
cause and effects of climate change, 
forest/flood relationships, and 
maintenance of water quality. The 
long-term component of the Coweeta 
watershed research program also 
provides ground truth information 
to develop and/or test theory and 
modeling. At Coweeta, long-term 
research provides the fundamental 
understanding required to initiate 
shorter term and more focused studies 
that can be completed in a 5- to 10-
year period.

What were your most significant 
challenges at Coweeta?

 The most significant, recurring 
challenge was to maintain the levels 

(continued on page 24)

(Forest Service photo)
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Snapshot
(continued from page 23)

of funding required to conduct the 
research we felt should be done. 
We accomplished this by leveraging 
the money appropriated to us with 
research grants from a variety of 
sources. Jim Vose, the present project 
leader, and staff have continued to be 
very effective in this effort.

 Historically, about 25 percent of 
the total Coweeta budget comes from 
grants. Coweeta’s cooperative research 
with UGA has been supported 
continuously since 1968 through 
the highly competitive programs of 
the NSF. Benefits to Coweeta include 
leveraging scientific staff, equipment 
and supplies, new facilities, travel, and 
UGA onsite staffing of four or five full-
time positions. 

 For nearly 20 years, we 
successfully conducted cooperative 
research with scientists at Oak 
Ridge National Laboratory. A 
number of our studies have also been 
supported by the U.S. Environmental 
Protection Agency. Coweeta currently 
has about 20 formal cooperative 
agreements involving approximately 
60 graduate students and 50 senior 
investigators. Other highly successful 
cooperative research efforts of national 
and international scope spanning 5 
to 10 years were supported by the 
U.S. Department of Energy and the 
Electric Power Research Institute.

 Delivering the knowledge generated 
by our research to user groups is a 
continuing challenge. Fortunately, 
at Coweeta, we have enjoyed strong 
partnerships with National Forest 
System staffs and other Federal and 
State agencies. Technology transfer 
is also effectively provided to about 
1,300 annual visitors. The demands 
for additional work in this area were 
recently addressed when Vose hired a 
full-time technology transfer specialist. 
It was gratifying to see the unit receive 

the Chief’s Stewardship Award in 1998 
and the Station Director’s Technology 
Transfer Award in 2006. 

What are your proudest 
accomplishments?

 I would like to think of this in the 
context of the most satisfying and 
memorable aspects of my research 
experience. It is extremely satisfying 
to see young staff—at all levels in the 
organization—develop, mature, gain 
self-confidence, provide leadership, 
and be productive and happy in 
their work. The same is true for 
the numerous graduate students 
and interns who come through our 
program and provide a legacy to 
Coweeta. Moreover, I have enjoyed 
working with a number of directors, 
assistant directors, and other station 
staff over the years. In addition to 
our Forest Service family, I’ve also 
been very fortunate and proud to 
work with outstanding scientists in 
our cooperative research within the 
United States and abroad. It has been 
rewarding to see our research findings 
from Coweeta utilized by a wide range 
of user groups to change and improve 
management and policy.

 It was a privilege to be one of the 
pioneers in the implementation of 
the IBP, which was established in the 
early 1970s by NSF, and was the first 
multidisciplinary ecological program 
of national scale in the United States. 
Coweeta, in cooperation with UGA, 
was a site in the Eastern Deciduous 
Biome. Many lessons were learned, 
both good and bad, in the organization 
and management of such a complex 
program. It served as a training ground 
for the next generation of scientists 
and in the process, much original 
science was produced. 

 My tenure with NSF was brief 
by design but very satisfying. It 
came at a time when the Division of 
Environmental Biology at NSF was 
preparing to convince the NSF Board 
to present a program of long-term 
research for funding to Congress. 

Some groundwork had been laid, but 
it came down to a formal presentation 
of my program, Ecosystem Studies, to 
the NSF Board in 1978. I used some of 
the long-term studies from Coweeta, 
Hubbard Brook, and H.J. Andrews 
(all Forest Service experimental 
forest projects) to make the case. The 
response by the NSF Board was very 
enthusiastic, and with much additional 
effort by the division, funding for the 
LTER Program was approved in 1980.

What do you think the future holds 
for Forest Service research?

 There have been significant 
changes in the organization since 
I retired 8 years ago—including 
reductions in real budgets, 
outsourcing, and the need to eliminate 
and/or consolidate units and stations 
to reduce overhead costs. Since I am 
not affected directly, I’m uncertain 
about the specific impacts on future 
research. We have survived budget 
and personnel reductions in the past, 
but it seems to me that outsourcing 
will undermine one of our greatest 
underlying strengths—the team 
approach of our research program. 
Lack of experience or indifference in 
areas of support services will throttle 
team efforts in any organization and 
thereby reduce its effectiveness. This is 
already apparent in private industry. 

What advice would you give to 
young Forest Service scientists? 

 Take pride in the fact that you 
work for the largest forest research 
organization in the world, which 
has an outstanding reputation. In 
the conduct of your research, focus 
on quality; quantity will take care 
of itself. Before embarking on a new 
line of research, as part of your study 
plan conduct a thorough literature 
search on the topic; some of what 
you propose to do may have already 
been done. Stay true to the scientific 
method. Be kind and thoughtful when 
sharing advice; we seldom realize the 
impact we have on others. 

Finally, have fun!  
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The ephemeral nature of 
depressional wetlands creates 

tension. Will there be enough water 
to support plants and animals? If the 
ecosystem is disturbed, which species 
can survive? Which will repopulate 
spontaneously? 

 SRS researchers are working 
to restore these valuable but 
underappreciated wetlands. Seasonally 
ponded Carolina bays and similar 
depressions occur in the hundreds to 
thousands across the Southeastern 
Coastal Plain. These curious geological 
features come in many sizes, from 
as small as an acre to more than 300 
acres. Why are they distinctive? They 
are not connected to streams and so 
depend on rainfall and underground 
water to supply their fluctuating water 
levels. They support a variety of plant 
communities and are key locations 
for rare carnivorous plants such as 
pitcher plants and Venus flytraps—and 
numerous threatened, endangered, 
and sensitive plants, including 
pondberry and bog spicebush. 
Depressional wetlands provide critical 
breeding habitat for amphibian and 
reptile species, e.g., gopher frog, tiger 
salamander; nesting habitat for bird 
species, e.g., wood stork, bald eagle; 
and foraging for bats; as well as 
numerous specialized invertebrates.

 Ditching, drainage, and conversion 
to agriculture or other uses caused the 
historical loss or deterioration of many 
depressional wetlands. In addition, 
some regulatory protections against 
converting these “isolated” systems 
have been removed. Therefore, 
conserving intact depressions and 
restoring degraded sites are issues 
that concern land managers, wildlife 
biologists, and citizens interested in

(continued on page 26) 

RESTORING 
DEPRESSIONAL 
WETLANDS
by Claire Payne
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The Carolina Bay Restoration and 
Banking Project brought together a 
wide range of stakeholders to restore 
depressional wetlands along the 
southern Coastal Plain.    
Photo by Bill Lea, Forest Service, retired) 
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Restoring 
Depressional 
Wetlands
(continued from page 25)

preserving native habitats. Restoring 
degraded wetlands to more natural 
functioning can enhance multiple 
ecosystem services on the landscape. 
In addition to providing biological 
diversity and wildlife habitat, these 
wetlands can function in water storage 
and water-quality improvement.

 Hydrology (the behavior of water 
in a system), soils, and plants help to 
define a wetland. It can take a long 
time to change soil characteristics, 
but altering hydrology by ditching 
can cause rapid change because 
many wetland species cannot survive 
in a drained area. This makes 
reestablishing natural water levels 
critical for restoring a wetland. 
Diane De Steven, research ecologist 
at the SRS Center for Bottomland 
Hardwoods Research in Stoneville, 
MS, is working with other researchers 
at the Savannah River Site, SC, to 
find ways to restore depressional 
wetlands and to manage the process 
in a cost-effective manner. One of 
these is the Carolina Bay Restoration 
and Banking Project, which is 
coordinated by University of Kentucky 
forest hydrologist Chris Barton, a 
former member of the SRS Center 
for Forested Wetlands Research 
in Charleston, SC. “We took on 
quite a large experimental project,” 
says De Steven. “We attempted 
to rehabilitate 16 drained wetland 
sites simultaneously by clearing out 
successional vegetation and blocking 
the drainage ditches. We’ve followed 
their progress for 5 years now, and it’s 
taken a lot of work by many dedicated 
people.”

 De Steven’s research focuses on 
ways to establish appropriate wetland 
plants in the restored depressions. She 
began the work while stationed at the 
Charleston unit, and she collaborates 
with partners from the Savannah 
River Ecology Laboratory and the 
University of Kentucky. In addition 
to hydrology, water quality, and 

plant studies, other research teams 
(including one led by SRS wildlife 
biologist John Kilgo) are looking 
at how different animal groups are 
responding to the restorations. 

 De Steven’s research team asked 
whether bringing back wetland plant 
species to the restored sites could 
be accomplished simply through the 
natural processes of germination 
from seed banks and seed dispersal, 
or whether supplemental plantings 
are needed. “If hydrologic conditions 
recover well and wetland plants can 
establish naturally, then some costs 
of restoration could be reduced,” she 
points out. Researchers found that 
the experimental wetlands quickly 
developed a good cover of herbaceous 
wetland plants that germinated from 
the seed banks; however, some key 
species weren’t found in the seed 
banks and didn’t colonize naturally, so 
the team did additional experiments 
to show that selected wetland tree 
and grass species could be planted 
successfully.

 De Steven cautions that their 
findings may not apply to all situations 
where depressional wetlands have 
been degraded. “We believe that these 
restoration sites were reasonably 
successful because, even though they 
had been drained in the past, they are 
located within managed forests with 
other nearby wetland habitats to act 
as seed sources. If you were trying 
to restore drained depressions on 
farmlands, it’s possible that the seed 
banks might not have suitable wetland 
plant species. In that case you would 
certainly have to plant, assuming 
that you could restore favorable 
hydrology.” 

 The project encountered some 
unexpected challenges. “The year we 
started the restorations, the whole 
region was heading into a severe 
drought that lasted several years. 
That was unlucky for getting natural 
hydrology established quickly, but we 
learned other things from seeing how 
the wetlands responded.”  

For more information: 
Diane De Steven at 662–686–3602 or 
ddesteven@fs.fed.us.

Restoration Project 
Wins Award

The 6-year cooperative effort to 
restore depressional wetlands on 
the Savannah River Site, which 
involved researchers, managers, and 
the public, received the 2006 USDA 
Forest Service Southern Regional 
Forester’s Natural Resources 
Stewardship Award.

“The project established the Forest 
Service-Savannah River Site in a 
regional leadership role for natural 
resources stewardship and watershed 
health,” says John Blake, research 
coordinator of the Savannah River Site. 
“By bringing together stakeholders 
at the beginning in both the 
concept and the design, particularly 
experimentation with alternatives, the 
approach received broad acceptance 
and allowed the project team to 
evaluate controversial alternatives, 
such as harvesting and fire.” 

Partners included: U.S. Department 
of Energy, Savannah River Ecology 
Laboratory, University of Georgia, 
Clemson University, University of 
South Carolina-Aiken, South Carolina 
Department of Natural Resources, U.S. 
Army Corps of Engineers, U.S. Fish 
and Wildlife Service, USDA Natural 
Resources Conservation Service, 
and the Washington Savannah River 
Company.  

Pitcher plants in South Carolina. Photo 
by Bill Lea, Forest Service, retired)
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 The 2002 Farm Bill represented 
a landmark increase in conservation 
funding to help farmers and ranchers 
meet environmental challenges on their 
lands, including problems related to soil 
erosion, impaired water quality, and loss 
of wetlands and wildlife habitat. In 2008, 
funding for the Conservation Reserve 
Program under the Farm Bill is estimated to 
rise to just over $2 billion, with a proposed 
increase to the Wetlands Reserve Program 
(WRP) of over $455 million. Enrollment 
in the WRP for 2008 is projected at up 
to 250,000 new acres, bringing total 
enrollment to 2,275,000 acres nationwide, 
the maximum level authorized by the 2002 
Farm Bill.

 As these taxpayer-funded programs are 
implemented, the question arises: “Are they 
effective and cost-efficient in achieving the 
desired gains in environmental quality?” 

 To answer this question, the 
Conservation Effects Assessment 
Project (CEAP) was initiated by the 

USDA Natural Resources Conservation 
Service (NRCS) in collaboration with 
the Agricultural Research Service 
and other partner agencies. Through 
CEAP, the NRCS supports national and 
regional projects that scientifically 
evaluate USDA conservation practices 
implemented on agricultural lands under 
Farm Bill programs. The CEAP-Wetlands 
project specifically assesses practices 
aimed at preserving or restoring wetland 
ecosystem functions. Wetlands provide 
important environmental services that 
include sediment reduction, water-quality 
improvement, water storage and flood 
control, conservation of plant and animal 
diversity, and production of harvestable 
resources. 

 CEAP-Wetlands consists of two 
components: field assessment and 
literature synthesis. Seven regional 
syntheses will evaluate the current state 
of knowledge about the effectiveness of 
wetland conservation practices across the 

Nation. Because of her expertise in Coastal 
Plain wetlands, SRS research ecologist 
Diane De Steven from the SRS Center for 
Bottomland Hardwoods Research was 
invited to co-author the synthesis for the 
Gulf-Atlantic Coastal Plain region with ARS 
scientist Richard Lowrance, an expert 
on riparian buffer zones and agricultural 
water-quality issues. The synthesis will 
highlight regional resource concerns, how 
conservation practices are addressing 
those concerns, and what knowledge 
gaps exist. The synthesis articles will 
be published as a special section in a 
peer-reviewed ecological journal, and 
a nontechnical summary document for 
general audiences will also be developed in 
partnership with the Ecological Society of 
America.  

For more information: 
Diane De Steven at 662–686–3602 or 

ddesteven@fs.fed.us.

How Well Are We Restoring Wetland Functions?

�7www.srs.fs.usda.gov

A wetland reclaimed from surface 
mining. (Photo by Chuck Meyers, USDI Office 
of Surface Mining)
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South Carolina draws developers, 
residents, and visitors looking 

for a mild climate—development of 
previously wooded tracts of land is 
at an all time high along the coast. 
This rapid influx of people and 
development has brought water-
quality problems to previously healthy 
coastal waterways—the result of both 
increased pollution and the loss of 
ecosystem services from the forests 
and wetlands that once protected 
coastal systems. Unfortunately, change 
is outpacing both the technology and 
the legislation that could mitigate this 
source of water pollution. As a result, 
the health of coastal waters appears 
to be declining, and there is concern 
that sustainability of the fisheries is 
threatened. 

 The relatively infertile lands that lie 
along the South Carolina coast have 
not been considered valuable until 
recently. After the Civil War, much 
of the land reverted back to natural 
vegetation, and became home to 
people who earned their living from 
fishing, hunting, and working small 
farms. In the last few decades, this 
land has become desirable to the more 
affluent—its woodlands and wetlands 
replaced with upscale subdivisions, 
luxury homes, intensively landscaped 
yards, golf courses, and resorts. With 
trees disappearing, these landscapes 
have lost much of their ability to 
provide the ecosystem services 
important to the health of estuaries. 

Nature’s Water Filter Under Siege 

 Coastal wetlands have a high 
capacity for biotransformation, a 
process where organisms alter the 
structure of chemical compounds, 
converting nutrients from one form 
to another—allowing the natural 
environment to act as a filter. The 
nutrient nitrogen, in its mineral forms 
of nitrate and ammonium, is a major 
component of runoff from residential 
and resort areas. In these forms, 

CONSTRUCTING 
WETLANDS TO IMPROVE 
COASTAL WATER 
QUALITY
by Claire Payne

�8

Graduate student Sadie Drescher 
monitored the capacity of soil to 
process nitrogen as part of her research 
on constructed wetlands. (Forest Service 
photo)
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nitrogen is notorious for stimulating 
algal blooms along ocean shores. 
Biotransformation of nitrogen includes 
a process called denitrification, where 
microbes convert mineral nitrogen 
into an inert gas that is released into 
the atmosphere. Organisms involved 
in biotransformation also process 
nutrients by transforming them into 
energy-rich organic matter, which 
makes the estuaries into which these 
rivers drain important nurseries for 
marine life.

 The rise in coastal development, 
loss of vegetated buffers, increased 
use of fertilizers, increased proportion 
of impermeable surfaces on the 
landscape, and inferior stormwater 
management practices have resulted in 
sometimes large amounts of nutrient-
rich runoff entering coastal waters. 
Algal blooms have become more 
frequent, causing oxygen depletion 
which results in fish kills. 

 Detention ponds—more than 
2,000 covering 15,000 acres built 
along the South Carolina coast in the 
last three decades—have become a 
standard treatment for stormwater 
runoff in built-out and resort areas 
of South Carolina. Unfortunately, 
the ponds collect pollutants rather 
than filter them out; as they age, the 
situation gets worse, with nitrogen 
concentrating in the ponds and leaking 
out through ground water into nearby 
tidal creeks and estuaries. 

Wetland Retrofit

 As a research ecologist based 
in the SRS Charleston, SC, unit, 
Marianne Burke got interested in 
improving the best management 
practices (BMP) developed to protect 
coastal watersheds in South Carolina. 
She started working on this issue 
in 2003, with a research study 
that focused on two particularly 
problematic watersheds on Kiawah 
Island, a barrier island 34 miles 

south of Charleston. Both watersheds 
contain residential areas, and each 
drains into an interconnected series of 
ponds that end with a polluted pond 
close to an estuary. 

 The research attracted interest 
from others concerned with water 
quality; over the course of the project, 
Burke worked with partners from 
the University of South Carolina 
(USC), the South Carolina Sea 
Grant Consortium, the South 
Carolina Departments of Natural 
Resources (SCDNR) and Health and 
Environmental Control, the College 
of Charleston, Clemson University, 
and the Kiawah Island Community 
Association. 

 With Alan Lewitus from USC 
and SCDNR, Burke obtained funding 
from the South Carolina Sea Grant 
Consortium to study the source and 
effect of the pollution and to develop 
ways to mitigate the problem. Together 
they graduated five students from the 
Masters of Science in Environmental 
Studies Program at the College of 
Charleston, each of whom studied a 
part of the issue. 

 Graduate student Krista 
McKracken conducted hydrologic 
assessments of the two watersheds; 
one drains a golf course that receives 
routine application of fertilizers, while 
the other drains a residential area 
vegetated by forest. McKracken found 
large amounts of mineral nitrogen from 
fertilizers and other sources entering 
both ponds through subterranean 
stormwater pipes. This occurred 
even in the forested watershed, 
where pipes channeled stormwater 
directly from residential streets into 
the ponds without the opportunity 
for the forested watershed to process 
nutrients in the water. McKracken also 
showed that nitrogen in the impaired 
ponds was moving out into ground

(continued on page 30)
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What’s Nitrogen Got 
to Do With It?

 There are many different forms of 
the element nitrogen. Three common 
forms are ammonia (NH3), nitrate 
(NO3), and nitrite (NO2). Ammonia 
is a result of the natural breakdown 
of animal and vegetable matter by 
bacteria. Ammonia will react with 
water to form ammonium ions. 
Nitrate is formed from the complete 
oxidation of ammonium by certain 
microorganisms, with nitrite as 
an intermediate product. In well 
oxygenated waters, nitrite is readily 
oxidized to nitrate in a process called 
nitrification. 

 Major sources of nitrogen (besides 
the decay of animal and vegetable 
matter) include fertilizers, industrial 
and agricultural waste, sewage, and 
the atmosphere. Ammonia, nitrate, 
and nitrite are all toxic to aquatic 
life under certain conditions. Nitrate 
encourages the growth of algae and 
other organisms which can produce 
undesirable tastes and odors in water. 
In high enough levels, ammonia 
can cause a direct toxicity to fish 
and aquatic life. Oxygen in water 
is consumed in the conversion of 
ammonia to nitrites and nitrates, 
leading to a condition called anoxia.

 In the process of biotransformation, 
chemicals are changed from one 
form to another by microorganisms. 
Denitrification is part of this larger 
process; nitrate is transformed into 
nitrogen gas by microorganisms in 
anaerobic conditions, resulting in the 
loss of nitrogen as it is converted to 
(gaseous) molecular nitrogen (N2) 
and nitrous oxide (N2O). This is a 
significant part of the cleaning process 
that takes place in wetlands.    —ZH
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hydrologic assessment and Drescher’s 
estimate of watershed denitrification 
capacity, his model confirmed that the 
wetland he designed should remove 
most of the mineral nitrogen before 
stormwater entered the pond. Alan 
Fleming showed that polychlorinated 
biphenyls (a mixture of toxic 
chemicals) were not an important 
component in stormwater entering the 
ponds, while Lara Brock documented 
the association between pond water 
quality and harmful algal blooms.

Better Best Management Practices 
for the Coast

 Burke and her collaborators used 
the results of this study to develop 
an improved BMP for stormwater in 
coastal residential and resort areas. 
They recommended intercepting 
stormwater with a constructed 
wetland, subjecting it to a 20–day 
residence in the wetland, and 
incorporating wood fiber into wetland 
soil to provide a substrate for microbes 
to increase nitrogen processing 
capacity. Burke and her partners also 
developed a hydrologic model that 
can be adapted and used to estimate 
performance of other designs for BMPs 
in residential settings. 

The project highlighted the ecosystem 
services provided by forests and 
wetlands that are lost when 
development proceeds without the 
proper BMPs in place. Town, county, 
and South Carolina State regulatory 
groups are currently using the results 
of this study to revise their BMPs 
for stormwater management and to 
improve the permitting process along 
the South Carolina coast. 

 Burke recently moved from 
Charleston to Washington, DC, where 
she is now strategic management 
systems leader for Forest Service 
Research & Development.  

For more information: 
Marianne Burke at 703–605–4181 or 
mburke@fs.fed.us.

Constructing 
Wetlands
(continued from page 29)

water flowing in the direction of 
neighboring estuaries. 

 Meanwhile, Sadie Drescher 
measured the potential capacity of the 
two watersheds to process nitrogen. 
She found that the denitrification 
capacity was high, particularly in the 
forested watershed, and was higher 
when there was more organic matter 
in the soil. But when she analyzed the 
detention ponds, she found almost no 
denitrification was occurring in pond 
sediments. There were high levels of 
ammonium, which must be changed 
to nitrate before it can be denitrified. 
Nitrification needs oxygen; because 
the ponds were highly anaerobic, the 
process could not occur. As a result, 
large amounts of mineral nitrogen 
were entering, but relatively little 
was leaving. The high ammonium 
concentrations were feeding intense 
algal blooms, which further reduced 
oxygen in the ponds—a vicious cycle 
of impairment. 

 Drescher concluded that 
denitrification capacity in the pond 
sediments would improve if they were 
more oxygenated, even if only in the 
shallow areas, and that adding organic 
matter such as wood fiber into the soil 
around the watershed would increase 
its ability to immobilize and process 
nitrogen, as well as provide energy to 
denitrifying organisms.

 A third graduate student, Bill 
Strosnider, designed a shallow 
wetland to sequester the stormwater 
flowing out of the watersheds long 
enough for denitrification to reduce 
the nitrogen load in the water before 
it entered the detention ponds. He 
tested the feasibility of the wetland as 
a retrofit option for already built-out 
coastal communities and developed 
a hydrologic model to predict the 
effectiveness of the design. When he 
plugged in the data from McKracken’s 

Ecosystem Services
 Ecosystem services can be defined 
simply as the benefits provided by 
forested landscapes. In addition 
to supplying wood products, fuel, 
medicine, and recreation, forests:

• Filter and clean both water and air

• Absorb and detoxify pollutants  

• Provide habitat to a huge diversity 
of life forms 

• Take up carbon dioxide and produce 
oxygen 

• Regulate climate by sequestering 
carbon 

• Maintain the health of soil 

 You can learn more about 
ecosystem services at:   
www.fs.fed.us/ecosystemservices/.  
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 Another way to remove pollutants 
from stormwater runoff is to divert 
the water into troughs that contain 
filters made from fiber modified to 
absorb particular contaminants before 
the water enters a stream, pond, or 
other water body. Available at low 
cost and biodegradable, residue fibers 
from wood processing would seem 
the perfect, sustainable choice for 
stormwater filters. 

 Unfortunately, when it comes 
to some pollutants, wood alone is 
not enough. To work effectively on 
the phosphates that stream down 
the storm drains of our urbanized 
environments, wood fibers need to be 
modified. In many cases, the suggested 
modifications use toxic chemicals 
and multistep processes that increase 
costs and produce new waste streams. 

Some options also interfere with 
biodegradability. To treat phosphates, 
it seems you have to turn a sustainable 
solution into yet another problem. 

 Tom Eberhardt, research scientist 
with the SRS Utilization of Southern 
Forest Resources unit in Pineville, LA, 
is working with university and industry 
scientists to solve this sustainability 
conundrum. “Our strategy is to test 
environmentally benign treatments that 
increase the capacity of wood fiber 
filters to trap phosphates, but do not 
interfere with biodegradability,” says 
Eberhardt. 

 In one experiment, Eberhardt and 
fellow researchers pretreated aspen 
fibers with iron salts, which have 
been shown to remove phosphates 
from water when used on other types 
of filters. The problem—wood fibers 

GREENER WATER FILTERS
have a limited capacity to retain 
iron. To provide additional sites to 
retain iron, the fiber was treated with 
water containing a nontoxic cellulose 
derivative. After the fibers were 
dried, they were soaked in an iron 
salt solution and then tested for the 
capacity to remove phosphates from 
water. 

 In preliminary experiments, the 
treated fibers were able to remove 
phosphates from test solutions, while 
untreated fiber samples showed no 
removal capacity. “The results are 
very encouraging,” says Eberhardt. 
“This process may provide an easy, 
cost-effective, and sustainable way to 
improve the ability of wood fiber filters 
to clean stormwater.”   —ZH

For more information: 
Tom Eberhardt 318–473–7274 or 
teberhardt@fs.fed.us.

Fiber filters used to clean stormwater 
are often modified with toxic chemicals 
that increase costs and result in new 
waste streams. (Photo by Chuck Meyers, 
USDI Office of Surface Mining)

www.srs.fs.usda.gov
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Establish a Wetland in Your 
Backyard  

 Tired of fighting that pesky 
wet spot in your yard? Take 
a second look—wet areas 
can be an asset rather than a 
nuisance. Natural depressions, 

ditches that tend to stay wet, or 
areas with slow draining, heavy clay 
soils are ideal locations for wetlands. 
Backyard wetlands can provide the 
same benefits as larger systems by 
temporarily storing, filtering, and 
cleaning runoff water from your roof, 
driveway, lawn, and other drainage 
areas. 

 If you have a wet area, you may 
be able to create a wetland by simply 
not mowing. Plants that are adapted 
to these conditions will naturally 
become established. Allowing natural 
regeneration to occur is the most cost-
effective method, but it requires time 
and a nearby seed source, preferably 
from a natural wetland.  

Plants for Wetlands

 If you prefer to establish plants, 
you can achieve a natural look by 
using a mix of native trees, shrubs, 
and herbaceous plants. Select plants 
based on the duration and amount 
of soil saturation, light exposure, soil 
pH, and climate. Most wetland plants 
do not require standing water to 
grow successfully; in fact, many will 
thrive in areas that appear dry most 

of the growing season. Plants that are 
naturally found along water edges, 
such as river birch, are especially 
adapted to fluctuating water and 
moisture levels and can survive in 
conditions that range from flood to 
near drought. 

 We have provided a list of native 
perennial plants that will grow in 
moderately wet to wet soils. If the 
species tolerates periodic flooding 
in natural conditions, equivalent to 
inundation or standing water for 
several days at a time, it is noted 
in the remarks. The plants were 
selected based on their ornamental 
characteristics, wildlife value, and 
commercial availability. It is always 
best to buy locally grown nursery 
stock because it will be adapted to 
your climatic conditions.

Watch Out for Invasives

Whether you are establishing plants or 
allowing natural regeneration to occur, 
invasive plants can be a problem and 
should be immediately removed. For 
more information, consult the guide 
by SRS research ecologist Jim Miller, 

Nonnative Invasive Plants of Southern 
Forests at www.invasive.org/eastern/srs/.

Buffers for Your Farm or Ranch

 Also referred to as vegetative filter 
strips and barriers, contour strips, field 
borders, and riparian zones, buffers 
are generally accepted management 
practices to improve water quality on 
cropland. Buffers effectively reduce 
water pollution from agricultural 
runoff by trapping sediment and 
dissolved pollutants, and interacting 
with ground-water pollutants. 
Although all buffers perform these 
functions, their individual effectiveness 
may differ considerably from site 
to site; in fact, SRS scientists have 
recently found that a buffer may not 
function equally well in all locations. 
Characteristics of the land—soil type, 
slope, and hydrology—impact the 
efficiency of a buffer. 

Get the Biggest Bang for Your 
Buffer

 SRS scientists developed a method 
that uses soil surveys to identify better 
locations for protecting streamwater 
quality with vegetated buffers. 
Soil surveys were chosen because 
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they contain the topographic, soil, 
and hydrologic characteristics that 
determine the function of a buffer. 

 Three separate models were 
developed: (1) a surface runoff model 
for sediment, (2) a surface runoff 
model for dissolved pollutants, and (3) 
a ground-water model for dissolved 
pollutants. Each model uses the soil 
map unit information in soil surveys, 
and translates it into estimates of how 
well a vegetated buffer would perform 
in each soil map unit. If you’re 
considering installing a buffer on 
your farm or ranch, these results can 
guide you to locations where buffers 
are likely to have a greater impact 
on water quality, and steer you away 
from those where impact is likely to 
be small. Stay tuned: SRS is using this 
research to develop “A Buffer Rating 
Tool” for landowners that will soon be 
available online. (See page 34 for the 
article cited.)

Don’t Know Your Soil Type? 

 Soil surveys are comprehensive 
reports that contain detailed 
information on all of the soils found 
in your county or parish. They are 
available online at www.websoilsurvey.
nrcs.usda.gov.  

Plants That Will Grow in    
Moderately  Wet to Wet Soil
Common name Scientific name Height Description
  (feet) 

Native deciduous trees (height is at 20 years)
Musclewood Carpinus  20  Older bark develops a smooth, slate-
  caroliniana  gray, irregularly fluted appearance 
   similar to a forearm muscle, hence the 
   name; tolerates flooding
Red maple Acer rubrum 35  Red seeds in spring, red fall leaf color; 
   seeds eaten by squirrels and birds
River birch Betula nigra 40 Peeling bark is very attractive, usually
   planted in clumps of three trees; seeds are 
   eaten by grouse, turkey, and several  
   small birds

Native deciduous shrubs
Buttonbush Cephalanthus  3 – 6 Will grow in water, but is not tolerant
  occidentalis  of dry conditions; unique, creamy white
    flowers clustered in globular heads 
   appear in late summer; used by native 
   insect pollinators 
Redosier dogwood Cornus sericea 4–8 White flower clusters appear June 
   through August, followed by white 
   berries late summer into winter; red 
   stem color is outstanding in winter
   landscape; berries are eaten by 
   numerous songbirds
Winterberry Ilex verticillata 6–10 Bright red berries ripen late summer 
   and persist through winter; berries are 
   eaten by over 48 bird species; need 
   male and female plants within 40 feet 
   for pollination; prefers acidic soils; 
   berries are poisonous to humans

Native herbaceous perennials 
Bee balm Monarda didyma 1–3 Tubular flowers naturally scarlet red, 
   cultivars available with white-to-purple
   flowers; fragrance attracts bees; also 
   used by butterflies and hummingbirds; 
   not drought tolerant
Cardinalflower Lobelia cardinalis 3–4 Fire engine red, tubular flowers in 
   spring; prefers light shade; used by 
   hummingbirds and butterflies
Eastern gamagrass Tripsacum  4–8 Wide leaf blades, some varieties have
 dactyloides  bluish tint; tolerates periodic flooding 
   and acidic soils; excellent choice for 
   heavy clay soils or compacted areas; 
   bunching structure provides cover for 
   birds
Great blue lobelia Lobelia siphilitica 2–3 Blue flowers in spring; prefers light 
   shade; used by pollinators
Ironweed Vernonia  3–6 Multiple purple flower heads in clusters
  noveboracensis   in summer; used by numerous 
   pollinators
Joe-pye weed  Eupatorium  3–7 Large, rounded inflorescence made up 
  fistulosum  of small, pinkish-white flowers in fall; 
   used by numerous pollinators, 
   particularly butterflies
Royal fern Osmunda regalis 6 Very graceful, large fern suitable as an 
   accent plant; fronds look like large 
   locust leaves; unfolding fronds have a 
   wine-red color which turns green as 
   they mature
Turtlehead Chelone spp. 1–3 C. glabra has white flowers; C. lyonii has
   pink flowers; C. obliqua has deep 
   pinkish-red flowers; all prefer light
   shade; will tolerate full sun

��www.srs.fs.usda.gov
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Working Trees: Clean Water... 
And So Much More
 Bentrup, G.; Kellerman, T. 2004. 
Where should buffers go? Modeling 
riparian habitat connectivity in 
northeast Kansas. Journal of Soil and 
Water Conservation. 59: 209–213.

 Bentrup, G.; Wells, G. 2005. 
Picture this. Journal of Soil and Water 
Conservation. 60: 144A–149A.

 Dosskey, M.G.; Eisenhauer, D.E.; 
Helmers, M.J. 2005. Establishing 
conservation buffers using 
precision information. Journal of Soil 
and Water Conservation. 60: 349–354.

 

Will Agroforestry Work in the 
South?
 Zinkhan, F.C.; Mercer, D.E. 1997. 
An assessment of agroforestry 
systems in the Southern USA. 
Agroforestry Systems. 35: 303–321.

Restoring Native Plants and 
Tribal Traditions in Arizona
 Landis, T.D.; Dreesen, D.R.; 
Dumroese, R.K. 2003. Sex and the 
single Salix: considerations for 
riparian restoration. Native Plants. 
4(2): 111–117.

 Landis, T.D.; Dreesen, D.R.; 
Pinto, J.R.; Dumroese, R.K. 2006. 
Propagating native Salicaceae for 
riparian restoration on the Hopi 
Reservation in Arizona. Native 
Plants. 7(1): 52–60.

Keep That Water Moving
 Hitchcock, H.R.; Barton, C.D.; 
Rebel, K.T. [and others]. 2005. A 
containment and disposition 
strategy for tritium-contaminated 
groundwater at the Savannah River 
Site, South Carolina, United States. 
Environmental Geosciences 12(1):  
17-28.

RECOMMENDED READING

Greening at the Seams
 Angel, P.N.; Graves, D.H.; Barton 
C.D. [and others]. 2006. Surface 
mine reforestation research: 
evaluation of tree response to low 
compaction reclamation techniques. 
In: Barnhisel, R.I., ed. Proceedings 
of the American Society of Mining 
and Reclamation and the 7th ICARD 
2006 National Conference. Lexington, 
KY: American Society of Mining and 
Reclamation: 45-58.

 Barton, C.; Marx, D.; Adriano, 
D.; Jun K. [and others]. 2005. 
Phytostabilization of a landfill 
containing coal combustion waste. 
Environmental Geosciences 12(4): 
251-265.

T is for Texas…and TCE
 Vose, J.M.; Harvey, G.J.; Elliot, 
K.J.; Clinton, B.D. 2003. Measuring 
and modeling tree and stand level 
transpiration. In: McCutcheon, S.C.; 
Schnoor, J.L., eds. Phytoremediation: 
transformation and control of 
contaminants. New York: John Wiley: 
263–282.

 Vose, J.M.; Swank, W.T.; Harvey, 
G.J. [and others]. 2000. Leaf 
water relations and sapflow in 
eastern cottonwood (Populus 
deltoides Bartr.) trees planted for 
phytoremediation of a groundwater 
pollutant. International Journal of 
Phytoremediation. 2(1): 53–73.

Restoring Depressional 
Wetlands
 De Steven, D.; Sharitz, R.R.; Singer, 
J.H.; Barton, C.D. 2006. Testing a 
passive revegetation approach for 
restoring Coastal Plain depression 
wetlands. Restoration Ecology. 14(3): 
452–460.

 Mulhouse, J.M.; De Steven, D.; 
Lide, R.F.; Sharitz, R.R. 2005. Effects 
of dominant species on vegetation 
change in Carolina bay wetlands 
following a multi-year drought. 
Journal of Torrey Botanical Society. 
132(3): 411–420. 

 Sharitz, R.R.; Barton, C.D.; De 
Steven, D. 2006. Tree plantings in 
depression wetlands show mixed 
success. Ecological Restoration. 24(2): 
114–115.

Constructing Wetlands to 
Improve Coastal Water 
Quality
 Drescher, S.R.; Burke, M.K.; Lewitus, 
A.J.; Brown, S.D. 2006. Background, 
short-term and potential long-term 
denitrification capacity of soils in 
urbanized coastal watersheds on 
Kiawah Island, South Carolina, 
USA. In: Williams, T., ed. Hydrology 
and management of forested wetlands: 
Proceedings of the international 
conference. St. Joseph, MI: American 
Society of Agricultural and Biological 
Engineers: 167–194.

Greener Water Filters 
 Eberhardt, T.L.; Min, S.H.; Han, 
J.S. 2006. Phosphate removal by 
refined aspen wood fiber treated 
with carboxymethyl cellulose 
and ferrous chloride. Bioresource 
Technology. 97(18): 2371–2376. 

How You Can Improve Water 
Quality
 Dosskey, M.G.; Helmers, M.J.; 
Eisenhauer, D.E. 2006. An approach 
for using soil surveys to guide 
the placement of water quality 
buffers. Journal of Soil and Water 
Conservation. 61(6): 344–354. 
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Coastal wetlands are bioreactors, 
dynamic settings where bacteria are 
constantly converting nutrients to other 
forms, cleaning water of dangerous 
compounds. (Photo by Chuck Meyers, USDI 
Office of Surface Mining) 
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Research on short-rotation 
woody crops at the Savannah 
River Site contributes to both 
phytoremediation and bioenergy 
research. (Forest Service photo)

HOW CAN
EXPERIMENTAL FORESTS

HELP US CLEAN UP OUR ACT?

Since the 1920s, the Forest Service has maintained a system of 
experimental forests to test hypotheses and collect long-term data about 
the ecological effects of fire, grazing, insect infestations, air pollution, and 
other disturbances. In the South, researchers from Federal agencies and 
universities use 15 active experimental forests for studies ranging from the 
practices needed to maintain healthy forests, to the water filtration functions 
of forests, to habitat restoration for endangered species. 
 Experimental forests are some of the few places in the United States 
where long-term data are collected about forests and how they change 
over time. These living laboratories also serve as demonstration sites 
where cooperators and landowners can see the results of different forest 
management options.

Not all experimental forests 
are part of the Forest Service 

research network. Many, like the Duke 
Forest near Raleigh-Durham, NC, 
were established to offer settings for 
university level research and teaching. 
Still others were started for one 
purpose, but are suited for the conduct 
of research with changing times and 
shifting values. 

 Such is the story of the 
Savannah River Site (the Site), a 
U.S. Department of Energy facility 
occupying nearly 200,000 acres on the 
South Carolina Coastal Plain. In 1951, 

after purchasing its cutover forests 
and abandoned agricultural fields, the 
Federal Government closed the Site to 
public access to begin production of 
nuclear weapons materials. At about 
the same time, the Forest Service 
was selected to manage the natural 
resources and began a program of 
reforestation, accompanied by an 
ecological survey, conducted by 
universities that served as a baseline 
for future work. 

 In 1972, the Site became the first of 
seven national environmental research 
parks—places set aside to conduct 
ecological studies and develop tools 
to offset the effects of human actions 
on the environment. This designation 
encouraged scientists from SRS and 
other organizations to begin studies 
looking at science problems of regional 
and national interest. These include 
minimizing environmental impacts of 
forest management; understanding 
ecological patterns and processes that 
are fundamental to conservation; and 
ecological restoration of red-cockaded 
woodpeckers and other endangered 
species, wetlands, savannas, and 
upland forest communities. 

�6
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New challenges, new approaches

 Over the years the Site has grown 
into a preferred research location 
for several reasons: it is off-limits 
to casual visitors who might disturb 
study plots, its land management 
plans encourage research and 
provide greater flexibility for studies, 
and it has a resident Forest Service 
staff that supports the design and 
implementation of projects. 

 One famous series of studies 
in the 1980s was conducted under 
the leadership of Don Marx, a SRS 
research pathologist who pioneered 
methods designed to help trees 
reestablish on highly disturbed 
sites by restoring their symbiotic 
relationships with the mycorrhizal 
soil fungi that naturally occur on tree 
roots. The techniques Marx developed 
at the Site were adopted worldwide. 
In 1991, the Marcus Wallenberg 
Foundation presented him with its 
2 million Swedish krona prize, the 
forestry equivalent of the Nobel. 
The Wallenberg Prize recognized 
Marx’s work in developing “selective 
mycorrhizal inoculation of tree nursery 
soils which greatly increases the 
growth and survival rates of conifer 
seedlings used in the reforestation of 
inhospitable soils.” 

 Today, many natural resource 
decisions are shaped by human 
as well as physical and biological 
influences. Many of the challenges that 
society faces require answers within 
a larger context and over longer time 
frames, forcing a shift in research 
approach from the experimental 
plot to the experimental landscape. 
“In ecological research, the most 
meaningful results come from studies 
that take into account the effects 
of the passage of time, changing 
biological and physical conditions, and 
variations across landscapes. Of these 
three factors, the first two—elapsing 
time and changing conditions—are 
relatively straightforward to test 
and replicate using small study 
plots.” said John Blake, research 
coordinator at the Site. “The third 
factor—variations across landscapes—
is more complicated and has been 

traditionally addressed through 
modeling, applying results from the 
small plots along with observations 
of species and geographic patterns. 
Using entire landscapes instead of 
plots in experimental designs allows 
scientists to control changes in 
conditions so they can identify critical 
relationships—but at a scale that 
is appropriate to the biological or 
physical processes involved.” 

 Recently, scientists at the Site 
have taken the next step toward an 
experimental landscape approach by 
establishing several extremely large 
manipulations to test mainstream 
environmental and ecological 
concepts. Two nationally important 
studies in particular show the value 
of using large landscapes in solving 
today’s research questions. One 
examined the role of “corridors” 
in plant and animal population 
conservation; the other involved the 
simultaneous restoration of close to 20 
Carolina bays, the small depressional 
wetlands once common to the area.

Elegant research with practical 
applications

 Phytoremediation, the use of plants 
to remove contaminants from soils 
and water, is another application that 
has benefited from the experimental 
landscape approach pioneered at the 
Site. As phytoremediation systems are 
applied under increasingly stringent 
regulatory conditions, the scientific 
basis for their design and operation 
has become critical to their success 
and their acceptance by both the 
regulators and the public. 

 Building on earlier work 
by Wayne Swank at the SRS 
Coweeta Hydrologic Laboratory 
on the processes that control 
evapotranspiration (water escaping 
into the atmosphere from plants and 
soils) and by scientists on the Crossett 
Experimental Forest on water uptake 
in trees, a new generation of SRS and 
university scientists and Savannah 
River managers devised an innovative 
approach for capturing tritium, a 
nuclear isotope of hydrogen, and 
removing it from the ground water 
before it reaches surface waters. 

Together the scientists and managers 
developed a watershed scale irrigation 
system that moved tritium-laden water 
into surrounding forests on the Site 
with the expectation—derived from 
previous forest hydrology research—
that the trees would draw up the 
tritium along with the water. The 
project had many unknowns. Among 
them were questions about the amount 
of material that could be applied 
throughout the year; the influence 
of various kinds of vegetation, soils, 
and roots on the treatment process; 
and the necessary thresholds for 
avoiding waterlogging and minimizing 
movement of contaminated water 
below the root zone. 

 The phytoremediation system they 
developed enabled the Site to meet 
streamwater-quality objectives using 
living trees, rather than other, more 
expensive alternatives. As a bonus 
for the scientists, the tritium in the 
water served as a tracer in soils and 
trees, providing a unique opportunity 
to test fundamental assumptions 
about evapotranspiration processes 
and water uptake in a real forest 
watershed. Mark Coleman, a SRS 
research biologist, is continuing to 
support this effort with biomass 
research that will allow for the 
expansion of treatments to more 
productive and easily managed pine 
plantations. 

 The partnerships formed at the 
Site have created a rich environment 
for productive research by SRS and 
many universities. To further those 
partnerships, the Forest Service and 
the nearby County of Aiken have 
established a new research laboratory 
outside the gates of the Site that 
combines facilities for research and 
development with those for incubating 
new businesses. “We are very excited 
about the potential of this new facility 
to further the research mission and to 
give back to the community that has 
supported us so well in the past,” said 
Blake.    —CW

Savannah River Site: www.srs.gov/
general/srs-home.html

For more information: 
John Blake at 803–725–8721or 
jblake@fs.fed.us.  
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Experimental	Forests

 1 Bent Creek NC

 2 Blue Valley NC

 3 Coweeta NC

 4 John C. Calhoun SC

 5 Santee SC

 6 Scull Shoals GA

 7 Hitchiti GA

 8 Olustee FL

 9 Chipola FL

 10 Escambia AL

 11 Tallahatchee MS

 12 Delta MS

 13 Harrison MS

 14 Palustris LA

 15 Stephen F. Austin TX

 16 Crossett AR

 17 Alum Creek AR

 18 Sylamore AR

 19 Henry F. Koen AR

SRS Partnership Projects 
Awarded
  On December 7, 2006, Forest 
Service Chief Dale Bosworth and 
Natural Resources Conservation 
Service (NRCS) Chief Arlen Lancaster 
presented the first-ever Two Chiefs’ 
Partnership Awards to individuals 
and groups involved in projects that 
demonstrate successful conservation 
and forest stewardship collaborations 
between the Forest Service and the 
NRCS. Three SRS projects featured in 
this issue of Compass were among the 
nine collaborations receiving awards:

 • Restoration of Riparian Forests 
on the Hopi Reservation: Kas 
Dumroese and Jeremy Pinto from 
SRS worked with the NRCS Los Lunas 
and Aberdeen Plant Materials Centers, 
Forest Service Northeastern and 
Southwestern Region State & Private 
Forestry, and Forest Service Northern 
Region National Forest System. 

 • Visual Simulation Kit: The 
National Agroforestry Center was 
honored for the development of the 
Visual Simulation Kit for creating 

visual simulations of agroforestry 
and conservation proposals. This kit 
consists of the Visual Simulation Guide 
and the CanVis software program. 
Over 2,000 copies have been requested 
by universities, State agencies, 
community development projects, and 
counties in 54 States and territories.

 • Southeastern Silvopastural 
Initiative: The National Agroforestry 
Center worked with partners 
from the NRCS East and Central 
National Technical Support Centers 
and Kentucky Office, Georgia and 
Mississippi Forestry Commissions, 
and Forest Service Southern Region 
Cooperative Forestry to identify 
barriers to implementing silvopastures, 
develop technology transfer programs, 
and increase emphasis on silvopasture 
at universities.  

SRS International 
Collaborators Win 
Prestigious Award
  The Biodiversity Research 
Program at Cenicafe, the research 
arm of the National Federation of 
Coffee Growers of Columbia, received 

the prestigious 2006 Environment 
and Development Award from the 
Alejandro Angel Escobar Foundation in 
Colombia. The award recognized work 
with Colombian local communities to 
identify opportunities and to develop 
tools for conserving biodiversity in 
coffee growing regions. 

  Cenicafe’s research, which 
involves bird census studies, is 
supported by Forest Service 
International Programs through 
cooperative projects with The Nature 
Conservancy. SRS research wildlife 
biologist Paul Hamel, located at 
the SRS Center for Bottomland 
Hardwoods Research in Stoneville, 
MS, serves as a technical advisor 
to the project. Hamel was recently 
recognized for his work on the 
Cerulean Warbler Status Assessment 
and his seminal research addressing 
the sustainability of the bird and its 
habitat in North and South America 
through a special letter from the Acting 
Director of the U.S. Fish and Wildlife 
Service to then Forest Service Chief 
Dale Bosworth.  
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SRS Multicultural Efforts 
Honored
  Research scientist Joseph O’Brien 
and forestry technician Ryan Sisk 
were recently honored with SRS Civil 
Rights Awards in recognition of their 
commitment to workforce diversity 
through a variety of multicultural 
educational and outreach efforts. They 
were chosen based on outstanding 
civil rights activities in their respective 
research work units.

  O’Brien, research ecologist with the 
SRS Center for Forest Disturbance 
Science in Athens, GA, was honored 
for providing educational outreach 
to students, offering translation 
services to publics with limited English 
proficiency, training firefighters and 
managers in Central and South 
America, and promoting an inclusive 
working environment. Proficient in 
Spanish, he co-coordinates the Latin 
American and Caribbean fire ecology 
and management team for Forest 
Service International Programs. 
O’Brien is also responsible for 
coordinating Forest Service, U.S. 

�9www.srs.fs.usda.gov

(Photo, top) Dr. Joseph O’Brien (right) demonstrates a Flir infrared camera to 
Bahamian firefighters.  (Forest Service photo)

(Photo, above) Ryan Sisk (left) and Alabama A&M student Seward Hamilton install a 
fence around seedling planting sites.  (Forest Service photo)

Agency for International Development, 
and Nature Conservancy international 
fire management activities.  

  Sisk was recognized for 
outstanding cultural sensitivity, 
leadership, and service to diverse 
Forest Service partners across the 
Cumberland Plateau. Located on the 
campus of Alabama A&M University 
with the SRS Upland Hardwood 
Ecology and Management 
Research unit, he has successfully 
worked with, trained, and counseled 
multicultural individuals from 10 
countries, including students and 
faculty from Cameroon, Ethiopia, 
China, and Bulgaria. Sisk’s dedication 
to forestry, respect for diversity, and 
engaging professionalism has earned 
him respect throughout the forestry 
community.  
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Natural Resources 
Inventory   
and Monitoring
1 Brandeis, Thomas J.; Delaney, Matthew; 
Parresol, Bernard R.; Royer, Larry. 2006.
Development of equations for predicting 
Puerto Rican subtropical dry forest 
biomass and volume. Forest Ecology and 
Management. 233: 133-142.

Carbon accounting, forest health 
monitoring, and sustainable management 
of dry forests in Puerto Rico and other 
Caribbean Islands require accurate 
forest biomass and merchantable stem 
volume assessment. We destructively 
sampled 30 subtropical dry forest trees 
of 6 species near Ponce, Puerto Rico to 
develop equations that estimate leaf, 
woody, and total aboveground biomass, as 
well as inside and outside bark total and 
merchantable stem volume. Although our 
ability to accurately estimate subtropical 
dry forest biomass and merchantable 
volume in Puerto Rico has been improved, 
work remains to be done to sample a wider 
range of species and tree sizes.

2 Brandeis, Thomas James. 2006. 
Assessing tree species assemblages in 
highly disturbed Puerto Rican karst 
landscapes using forest inventory data. 
Plant Ecology. 186: 189-202.

Puerto Rico’s northern karst belt was 
almost entirely deforested by the early 
1950s, but economic policies that 
encouraged widespread agricultural 
abandonment have allowed reversion 
back to forest throughout the area. To 
improve understanding and management 
of these forests, this study describes the 
tree species communities that have formed 
and how these new forests reflect past 
land uses and topography. Forests typical 
of dry hill tops, abandoned coffee shade, 
early successional forest, and reverting 
pasture were found. Native tree species 
have returned and many introduced 
species, particularly African tuliptree, have 
become permanent parts of karst forest 
communities.

NEW PRODUCTS

Spring at SRS Headquarters, Asheville, NC 
(Photoshop® illustration by Rodney Kindlund, 
Forest Service)
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3 Randolph, KaDonna C. 2006. 
Descriptive statistics of tree crown 
condition in the Southern United 
States and impacts on data analysis 
and interpretation. Gen. Tech. Rep. 
SRS-94. Asheville, NC: U.S. Department 
of Agriculture, Forest Service, Southern 
Research Station. 17 p.

The U.S. Forest Service, Forest Inventory 
and Analysis Program (FIA) utilizes visual 
assessments of tree crown condition to 
monitor changes and trends in forest 
health. This report describes and 
discusses distributions of three FIA crown 
condition indicators (crown density, 
crown dieback, and foliage transparency) 
for trees in the Southern United States. 
Descriptive statistics are presented for 
all trees combined, by hardwood and 
softwood species groups, and for 53 
individual species. Implications of these 
characteristics and other factors for the 
analysis of the phase 3 crown condition 
indicators are discussed.

4 Roesch, Francis A. 2007. Compatible 
estimators of the components of change 
for a rotating panel forest inventory 
design. Forest Science. 53(1): 50-61.

This paper introduces ways to make 
annual estimates of forest change, such 
as growth, removals, and mortality from 
Forest Inventory and Analysis data. 
Because the amount of data actually 
collected during a particular year is often 
insufficient to make low-variance estimates 
for that year, various modeling approaches 
are used to “borrow strength” from data 
gathered in surrounding years. One 
approach uses mixed estimation, which 
allows for the enforcement of constraints, 
such as ensuring that the total volume 
for a particular year is equal to the total 
volume from the previous year, plus entry 
and growth, minus mortality and harvest. 
The statistical properties of the candidate 
estimation systems are compared and 
contrasted in a sample simulation study.

5 Salajanu, Dumitru; Jacobs, Dennis M. 
2005. Assessing biomass and forest 
area classifications from MODIS 
satellite data while incrementing the 
number of FIA data panels [CD-ROM]. 
In: Proceedings: American Society for 
Photogrammetry and Remote Sensing. 
Additional information: www.asprs.org/. 

Satellite remote sensing is an important 
tool for monitoring vast areas of forestland 
in a short period of time. Forest Inventory 
and Analysis strives for an annual 20 
percent sample of all field inventory plots 
in the Southern States. The objective of 
this study was to determine whether 
there is significant improvement in the 
accuracy of forest/non-forest and biomass 
classifications from MODIS satellite data 
by using the most recent two, three, or four 
panels of plot data as opposed to using the 
entire 5-year cycle of FIA data.  Older plot 
data become less reliable with age. This 
work suggests only 3 panels are necessary 
to begin the modeling process for forest/
non-forest, but four or five panels of FIA 
plot information are needed to get a good 
classification. For good forest biomass 
results, all five panels should be used in 
the model.

6 Salajanu, Dumitru; Jacobs, Dennis 
M. 2006. The effect of using complete 
and partial forested FIA plot data 
on biomass and forested area 
classifications from MODIS satellite 
data [CD-ROM]. In: Proceedings: American 
Society for Photogrammetry and Remote 
Sensing. Additional information: www.
asprs.org/.

The Forest Inventory and Analysis program 
performs annual measurements on a 
proportion of all lands to form rotating 
panels for 5-year reporting cycles. The 
main objective of this study was to 
determine whether there is significant 
improvement in the accuracy of biomass 
and forest/non-forest area classifications 
from MODIS satellite data by including 
partially forested FIA plots as opposed to 
only using 100 percent forested and 100 
percent non-forested plots. Results show 

an increase in estimated forest area when 
multi-condition edge plots are included 
with the satellite and ancillary data in 
the modeling. Modeled biomass provides 
mapped satellite classification information 
on how forest biomass is spatially 
distributed throughout the state-wide 
forested landscape.

Forest Ecosystem 
Restoration   
and Management
7 Bragg, Don C. 2004. Composition, 
structure, and dynamics of a pine-
hardwood old-growth remnant in 
southern Arkansas. Journal of Torrey 
Botanical Society. 13(14): 320-336.

The Levi Wilcoxon Demonstration Forest 
has at least 27 different overstory taxa, 
with loblolly pine, shortleaf pine, and 
white oak dominating stand basal area. 
Hardwoods, including red maple, flowering 
dogwood, blackgum, and winged elm, were 
most common, especially in the subcanopy 
and understory. Large trees are scattered 
throughout the stand, some more than 
100 cm d.b.h. and 40 m tall. Most canopy-
dominant pines are 100 to 150 years 
old, and a few exceed 200 years. Salvage 
following natural disturbances has reduced 
dead-wood loads; without large-scale 
disturbances, pines, oaks, and sweetgum 
will decline, to be replaced by more shade-
tolerant species.

8 Bragg, Don C. 2005. Behavior and 
sensitivity of an optimal tree diameter 
growth model under data uncertainty. 
Environmental Modelling & Software. 20: 
1225-1238.

Using loblolly pine, shortleaf pine, white 
oak, and northern red oak as examples, 
this paper explores the principles and 
behavior of potential relative increment 
(PRI) models of optimal tree diameter 
growth under data uncertainty. For 
instance, combining different State 
inventories prior to PRI model development 
increased sample size and diameter 
class representation while regionalizing 
the models. Generally, pooled models 

from the Southern Research Station...
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predicted the highest overall increment. 
Other tests comparing the structure of the 
data used to derive PRI models, natural- 
versus plantation-origin loblolly pine, and 
northern red oak from the Lake States and 
the Midsouth were provided. 

9 Bragg, Don C. 2006. A taste of 
sowbelly and saleratus biscuit: Gifford 
Pinchot’s Arkansas adventure. Arkansas 
Historical Quarterly. 65(3): 274-289.

Prior to his becoming the first Chief of 
the Forest Service, Gifford Pinchot spent 
a couple of weeks exploring the eastern 
Arkansas countryside with Bernard 
Fernow. This trip helped shape Pinchot’s 
vision of American forests and the people 
who depended on them, and undoubtedly 
helped him construct his populist vision 
of natural resource management. While 
in Arkansas, Pinchot interacted with local 
politicians and boosters, loggers and 
mill workers, criminals and plain folk. 
He collected wood samples, struck up a 
friendship with a pet bear, and showed 
some of the first signs of his impending 
split with Fernow.

10 Graves, Don; Barton, Christopher D. 
2006. University of Kentucky, College of 
Agriculture ; Kentucky State University. 
Reclaiming the future: reforestation in 
Appalachia [DVD]. Extension Publication 
DFR-0074. Lexington, KY: University of 
Kentucky. [DVD format, 29:50-min.]. 
[Editor’s note: The Forest Service, Southern 
Region provided funding for this project.]

Since the implementation of the Surface 
Mining Control and Reclamation Act, 
many opportunities have been lost 
for reforestation of surface mines in 
the Eastern United States. Excessive 
compaction of spoil material in the 
backfilling and grading process is the 
biggest impediment. As the result 
of reforestation research, a five step 
forestry reclamation approach is being 
recommended for successfully establishing 
productive forests on reclaimed surface 
mines. The goal is to reestablish the 
function of the forest, which includes 
enhancing wildlife habitat, improving water 
quality and stream systems, reducing 
flooding, erosion, and sedimentation, and 
improving air quality. The five steps for 
ecosystem restoration are explained on this 
DVD.

11 Greenberg, Cathryn H.; Tanner, George 
W. 2005. Spatial and temporal ecology 
of eastern spadefoot toads on a Florida 
landscape. Herpetologica. 61(1): 20-28.

Effective amphibian conservation must 
consider landscape population processes, 
but information at multiple scales is rare. 
We explore spatial and temporal patterns 
of breeding and recruitment by eastern 
spadefoot toads using 9 years of data from 
continuous monitoring with drift fences 
and pitfall traps at eight ephemeral ponds 
in longleaf pine-wiregrass sandhills. Young 
were successfully produced after only 5 of 
23 breeding events. Only 4 of the 8 ponds 
produced young, and most were produced 
during 4 of the 9 years studied. Adult 
“population” trends reflected breeding 
effort rather than numbers per se; capture 
rates fluctuated dramatically among years, 
but showed no overall increase or decrease 
over time. This information can be used to 
generate realistic metapopulation models 
for spadefoot toads as a conservation 
planning tool.

12 Holmes, Thomas P.; Murphy, Elizabeth 
A.; Bell, Kathleen P. 2006. Exotic forest 
insects and residential property values. 
Agricultural and Resource Economics 
Review. 35(1): 155-166.

This paper presents a case study of the 
economic damages to homeowners in a 
northern New Jersey community due to an 
exotic forest insect—the hemlock woolly 
adelgid. Hedonic property value methods 
are used to estimate the effect of hemlock 
health on property values. A statistically 
significant relationship is established. 
Moreover, there are some signs of spillover 
impacts from hemlock decline, as negative 
effects are realized on parcels where 
declining hemlock stands are located, 
as well as on neighboring properties. 
These results give some indication of the 
benefits of potential control programs 
and strategies and also show support 
for community- or neighborhood-based 
programs in residential settings.

13 Johnsen, Kurt; Maier, Chris; Sanchez, 
Felipe. [and others]. 2007. Physiological 
girdling of pine trees via phloem 
chilling: proof of concept. Plant, Cell & 
Environment. 30(1): 128-134.

SRS researchers have provided the first 
proof of concept for a method that allows 
scientists to study belowground carbon 

allocation in trees without destroying 
them. They describe a reversible, non-
destructive chilling method that stops the 
movement of carbon into root systems. 
Results were similar to physical girdling 
experiments, which stopped all carbon 
movement below ground but also killed 
the trees. This phloem-chilling method will 
be applied to the same trees at various 
times of the year and under a variety of 
environmental conditions, giving us the 
means to generate robust estimates of 
carbon allocation needed to construct 
more realistic and reliable carbon cycle 
models.

14 Kubisiak, Thomas L.; Milgroom, 
Michael G. 2006. Markers linked to 
vegetative incompatibility (vic) genes 
and a region of high heterogeneity and 
reduced recombination near the mating 
type locus (MAT) in Cryphonectria 
parasitica. Fungal Genetics and Biology 
43:453-463.

Self/non-self recognition in fungi is known 
generally as vegetative incompatibility 
and is controlled by genes at multiple 
vegetative incompatibility (vic) loci.  To 
find DNA markers linked to vic genes in 
the chestnut blight fungus, Cryphonectria 
parasitica, we constructed a preliminary 
genetic linkage map. We found markers 
closely linked to two vic genes (vic1 
and vic2), making them candidates 
for positional cloning. Once vic genes 
have been successfully cloned, we will 
be able to begin testing a number of 
hypotheses regarding the transmission of 
infectious viruses that can effect strong 
biological control of the fungus in natural 
populations.

15 Loeb, Susan C.; O’Keefe, Joy M. 2006. 
Habitat use by forest bats in South 
Carolina in relation to local, stand, and 
landscape characteristics. Journal of 
Wildlife Management. 70(5): 1210-1218.

Knowledge and understanding of bat 
habitat associations and responses of 
bats to forest management are critical for 
effective conservation and management. 
However, few studies have been conducted 
on bat habitat use in the Southeast. Our 
objective was to identify important local, 
stand, and landscape factors influencing 
bat habitat use in northwestern South 
Carolina. Results suggest that early 
successional habitats and small openings 
and gaps within forest stands provide 
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suitable commuting and foraging bat 
habitat. However, mature forests are 
important for some species. Forest 
management practices that provide a 
variety of age classes across the landscape 
and that create gaps and openings within 
mid- and late-successional stands will 
likely provide suitable habitat for bats in 
the mountains of South Carolina.

16 McCarthy, Heather R.; Oren, Ram; 
Finzi, Adrien C.; Johnsen, Kurt H. 2006. 
Canopy leaf area constrains [CO2]-
induced enhancement of productivity 
and partitioning among aboveground 
carbon pools. Proceedings of National 
Academy of Sciences of United States of 
America. 103(51): 19356-19361.

Net primary productivity (NPP) is 
enhanced under future atmospheric [CO2] 
in temperate forests representing a broad 
range of productivity. Yet questions remain 
in regard to how elevated [CO2]-induced 
NPP enhancement may be affected by 
climatic variations and limiting nutrient 
resources, as well as how this additional 
production is distributed among carbon 
(C) pools of different longevities. We show 
that, spatially, the major control of NPP 
was nitrogen (N) availability, through 
its control on canopy leaf area index 
(L). Results underscore the importance 
of resolving [CO2] effects on L to assess 
the response of NPP and C allocation. 
Further study is necessary to elucidate the 
mechanisms that control the differential 
allocation of C among aboveground pools 
in different forest types. 

17 McNab, W. Henry; Roof, Tracy; Lewis, 
Jeffrey F. 2006. Evaluation of Ikonos 
satellite imagery for detecting ice 
storm damage to oak forests in eastern 
Kentucky. In: Prisley, S.; Bettinger, P.; 
Hung, I-K.; Kushla, J., eds. Proceedings 
of 5th Southern Forestry and Natural 
Resources GIS conference. Athens, GA: 
Warnell School of Forestry and Natural 
Resources, University of Georgia: 128-138.

Ice storms are a recurring landscape-scale 
disturbance in the Eastern U.S., where 
they may cause varying levels of damage 
to upland hardwood forests. The extent 
and severity of storm damage in managed 
forests must be mapped and assessed 
so that economic loss can be estimated, 
products salvaged, and recovery activities 
planned. We evaluated high resolution 

satellite imagery as a tool for detecting 
damage to an oak-dominated forest in 
eastern Kentucky that had been affected by 
an ice storm. Accuracy in classifying low 
and high levels of damage ranged from 65 
to 70 percent. Our results suggest that high 
resolution satellite imagery may be useful 
for detecting ice storm damage to upland 
hardwood forests.

18 Palmroth, Sari; Oren, Ram; 
McCarthy, Heather R. [and others]. 2006. 
Aboveground sink strength in forests 
controls the allocation of carbon 
belowground and its CO2-induced 
enhancement. Proceedings of National 
Academy of Sciences of United States of 
America. 103(51): 19362-19367. [Editor’s 
note: SRS scientist Kurt H. Johnsen co-
authored this paper.]

Researchers found that trees only increase 
wood growth from elevated CO2 if there 
is enough leaf area to support that 
growth. The main constraint on leaf area 
development, and thus wood growth, 
is soil nutrition. Without adequate soil 
nutrition, trees largely respond to elevated 
CO2 by transferring carbon belowground 
and recycling it back to the atmosphere 
through respiration. Thus, with sufficient 
soil nutrition, forests increase their 
ability to tie up, or sequester, increasing 
atmospheric CO2 concentrations. Forests 
still sequester C with lower soil nutrition 
but cannot take advantage of steadily 
increasing atmospheric CO2 due to 
increased use of fossil fuels. Many forests 
are deficient in soil nutrition, but forest 
management, including forest fertilization, 
can greatly increase growth rate and wood 
growth responses to elevated atmospheric 
CO2.

19 Prestemon, Jeffrey P.; Zhu, Shushuai; 
Turner, James A. [and others]. 2006. 
Forest product trade impacts of an 
invasive species: modeling structure 
and intervention trade-offs. Agricultural 
and Resource Economics Review. 35(1): 
128-143.

An uncontrolled invasion of exotic Asian 
gypsy or nun moths would threaten 
domestic forests and could have global 
market consequences. A combination of 
forest damage and market responses to 
damage would result in an overall decline 
in forest stocks by about 0.3 percent 
nationwide over 30 years. Without trade 
policy responses by our trading partners, 
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the market effects would be small across 
all product categories. If, on the other 
hand, our trading partners banned 
the importation of U.S. logs into their 
countries, effects would be economically 
significant, both domestically and globally, 
especially in markets for lumber, panels, 
and paper. 

20 Rudolph, D. Craig; Burgdorf, Shirley 
J.; Schaefer, Richard R. [and others]. 2006. 
Status of Pituophis ruthveni (Louisiana 
pine snake). Southeastern Naturalist. 5(3): 
463-472. 

The Louisiana pine snake (Pituophis 
ruthveni) is a large constrictor that was 
historically limited to pine forests of 
eastern Texas and west-central Louisiana. 
Fire suppression, which reduces habitat for 
pocket gophers (the snake’s primary prey), 
has resulted in widespread decline of this 
species. Despite intensive trapping efforts 
(in excess of 100,000 trap days) throughout 
the historic range, Southern Station 
scientists were only able to document six, 
mostly small, existing populations. This 
information on current status, combined 
with additional ecological data also 
being collected, will allow more effective 
management of the extremely rare and 
vulnerable species.

21 Rudolph, D. Craig; Ely, Charles A.; 
Schaefer, Richard R. [and others]. Monarch 
(Danaus plexippus L. Nymphalidae) 
migration, nectar resources, and fire 
regimes in the Ouachita Mountains of 
Arkansas. Journal of the Lepidopterists’ 
Society. 60(3): 165-170.

Monarchs (Danaus plexippus) pass through 
the Ouachita Mountains in large numbers 
in September and October on their 
annual migration to overwintering sites 
in central Mexico. Monarchs depend on 
nectar resources to fuel their migratory 
movements, and they obtain nectar from 
a variety of plant species, especially 
tickseed sunflower (Bidens aristosa) and 
other composites. Research results 
suggest that widespread fire suppression 
since the early 1900s has substantially 
reduced nectar production for migrating 
monarchs in the Ouachita Mountains. 
Sites that are undergoing restoration to a 
shortleaf pine-bluestem grass community 
following thinning and frequent prescribed 
fire support increased abundances of 
nectar resources and migrating monarchs 
compared to untreated controls.
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22 Sisco, P.H.; Kubisiak, T.L.; Casasoli, 
M. [and others]. 2005. An improved 
genetic map for Castanea mollissima/
Castanea dentata and its relationship 
to the genetic map of Castanea sativa. 
Abreau, C.G.; Rosa, E.; Monteiro, A.A., eds. 
Proceedings: 111th International Chestnut 
Conference. Acta Horticulturae: 693: 491-
495.

We have added 275 AFLP and 24 SSR 
markers and the 5SrDNA locus to a 
previously published genetic map based 
on a hybrid cross between Castanea 
mollissima and C. denata. The SSR 
markers, 5SrDNA locus, and one isozyme 
locus also permitted us to correlate the 
linkage groups in the published genetic 
map of C. sativa with those in our C. 
mollissima/C. dentata map. Correlating the 
map of European chestnut with that of 
American and Chinese chestnut will allow 
greater progress in mapping important 
physiological and adaptive traits across 
species boundaries.

23 Tuskan, G.A.; DiFazio, S.; Jansson, S. 
[and others]. 2006. The genome of black 
cottonwood, Populus trichocarpa (Torr. 
& Gray). Science. 313: 1596-1604. (Editor’s 
note: SRS scientists C. Dana Nelson and N. 
Islam-Faridi co-authored this publication.)

This article announced the first complete 
DNA sequence of a tree, the black 
cottonwood (Populus trichocarpa). The study 
included the assembly of the cottonwood 
genome. Southern Station scientists 
contributed cytogenetics studies that 
helped the international research team 
reassemble the genome and begin to locate 
genes of both evolutionary interest and 
economic importance. They also generated 
and analyzed data to provide an estimate 
of the amount of functional DNA within 
the genome, an important parameter in 
validating the evolutionary history of the 
genome.

Forest Values, Uses,  
and Policies
24 Bowker, J.M.; Murphy, D.; Cordell, 
H.K. [and others]. 2006. Wilderness and 
primitive area recreation participation 
and consumption: an examination 
of demographic and spatial factors. 
Journal of Agricultural and Applied 
Economics. 38(2): 317-326.
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This paper explores the influence of 
demographic and spatial variables on 
individual participation and consumption 
of wildland area recreation. Estimated 
models corroborate previous findings 
indicating that race (black), ethnicity 
(Hispanic), immigrant status, age, and 
urban dwelling are negatively correlated 
with wildland visitation, while income, 
gender (male), and education positively 
affect participation and use. A key finding 
is that when one accounts for distance 
(essentially the cost of getting there), 
while race still matters, it matters less. 
Results of models are combined with U.S. 
Census projections of total population, 
changes in population characteristics, 
and estimates of current national forest 
wilderness visitation estimates to give 
insight into pressure that might be 
expected on the Nation’s designated 
wilderness during the next half century. 
Results generally indicate that per-capita 
participation and visitation rates will 
decline over time as society changes. Total 
wilderness participation and visitation 
will, however, increase, but at a rate less 
than population growth.

25 Gao, Heng; Shupe, Todd F.; Hse, 
Chung Y.; Eberhardt, Thomas. 2006. 
Antioxidant activity of extracts from 
the bark of Chamaecyparis lawsonia (A. 
Murray) Parl. Holzforschung. 60: 459-
462.

Chemicals present in Port-Orford cedar 
(Chamaecyparis lawsoniana (A. Murray) 
Parl.) bark are of interest for their 
antioxidant activities. One mechanism 
of activity exhibited by antioxidants 
involves the scavenging of free radicals 
which have known damaging effects. Free 
radical-scavenging assays were used to 
determine the antioxidant activities for 
fractions obtained from a crude bark 
extract after solvent partitioning. This 
provided extraction and partitioning 
processes for the isolation of antioxidants 
of interest. Results showed that the 
antioxidant activity of each fraction 
could be correlated with the presence of 
phenolic compounds. Applications for 
these phenolic antioxidants range from 
direct consumption as nutraceuticals to the 
incorporation into packaging materials for 
the protection of products from oxidation.

26 Grace, J.M., III. 2005. Forest 
operations and water quality in the 
South. Transactions of American Society of 
Agricultural Engineers. 48(2): 871-880.

Southern forests are some of the most 
productive forests in the U.S. Forest 
operations have been reported to influence 
nonpoint-source (NPS) pollution by 
disturbing natural processes that maintain 
water quality. Results of watershed-scale 
studies that investigated the effect of 
forest operations on water quality in the 
13 Southern States are highly variable. 
However, taken collectively, the results 
indicate that forest operations have little 
impact on the quality of water draining 
from forests in the South. Based on this 
review, best management practices (BMPs) 
show the potential to protect water quality 
following forest operations.

27 Grace, J. McFero, III. 2007. Modeling 
erosion from forest roads with WEPP. 
In Proceedings: Environmental Connection 
07, Conference 38. Steamboat Springs, CO: 
International Erosion Control Association: 
12 p.

The Water Erosion Prediction Project 
(WEPP) was used to simulate sediment 
and runoff yield observed from field 
experiments on two Southern Appalachian 
forest roads during two distinct study 
periods (1995-2003 and 2003-2004). 
WEPP estimates are compared to measured 
erosion rates in the Southern Appalachians 
from 24 road sideslope erosion plots on the 
Talladega National Forest and three road 
sections on the Chattahoochee National 
Forest. Management practices modeled 
included rolled erosion control product 
(RECP) treatment, two vegetation mixtures, 
and an untreated condition. Model 
predictions of sediment yield were in good 
agreement with observed values in the field 
experiment.

28 Grace, J. McFero, III; Clinton, Barton 
D. 2006. Forest road management to 
protect soil and water. American Society 
of Agricultural Engineers Paper No. 
068010. St. Joseph, MI: American Society of 
Agricultural Engineers: 1-14.

The pattern of use of national forest roads 
for recreation by the public has increased 
dramatically since the late 1940s and is 
expected to continue to increase beyond 
the rates observed today. However, 
research over the past 60 years clearly 



www.srs.fs.usda.gov 45www.srs.fs.usda.gov 45

presents forest roads as a major source 
of sediment and soil erosion from forest 
watersheds. Road management is an 
important component in preserving and 
maintaining healthy forests throughout the 
Nation. This paper provides an overview 
of issues involved in managing forest 
roads, explores the benefit and efficacy of 
erosion and sediment control, and suggests 
areas requiring additional research and 
development.

29 Johnson, C.Y.; Floyd, M.F. 2006. A 
tale of two towns: black and white 
municipalities respond to urban growth 
in the South Carolina Lowcountry. 
Human Ecology Review. 13(1): 23-38.

Sea Islands off the South Carolina coast 
have experienced rapid development 
rates in the past half century. This trend 
is now impacting the rural Lowcountry 
(coastal) near Charleston, SC. A better 
understanding of traditional rural 
communities’ responses to expanding 
urbanization is critical because of the 
obvious threat to the natural environment 
in rural areas and also because of the 
potential threat to the culture and value 
systems held by long-time residents. This 
exploratory, qualitative study examines 
the response of two municipalities to 
growth. Majority black “Newborn” has 
initiated legislative actions that may 
encourage growth and is much more 
receptive to development initiatives. In 
contrast, mostly white “Seaside Village” 
is strongly opposed to proposals that may 
result in development. The bifurcated 
town responses are theorized in terms of 
procedural justice and sense of place.

30 Johnson, Cassandra Y.; Bowker, J.M.; 
Cordell, H. Ken. 2006. Acculturation via 
nature-based outdoor recreation: a 
comparison of Mexican and Chinese 
ethnic groups in the United States. 
Environmental Practice. 7: 257-272.

This research considers acculturation 
by Mexican and Chinese groups in the 
United States and how participation in five 
nature-based outdoor recreation activities 
may be an indicator of acculturation to 
American society. We also posit that U.S.-
born Chinese have a greater likelihood 
of participation compared to U.S.-born 
Mexicans. Results show Chinese immigrant 
participation is distinguished only slightly 

from Mexican immigrant participation; no 
differences were found between U.S.-born 
Chinese and U.S.-born Mexicans. Within-
group comparisons show immigrant 
Chinese participation to be more aligned 
with U.S.-born Chinese participation 
than immigrant Mexican participation to 
U.S.-born Mexican participation. Results 
from this study are intended to help 
raise awareness among environmental 
professionals of the different ways nature 
may be perceived by various cultural 
groups and also to alert managers to the 
important role natural resources can play 
in acculturating immigrants to U.S. society.

31 Mercer, D. Evan; Haggar, Jeremy; 
Snook, Ann; Sosa, Mauricio. 2005. 
Agroforestry adoption in the Calakmul 
Biosphere Reserve, Campeche, 
Mexico. Small-scale Forest Economics, 
Management, and Policy. 4(2): 163-184.

Since farmers engage in a complex, 
dynamic process of learning-by-doing, 
evaluating economic incentives, and 
assessing risks in deciding whether to 
adopt agroforestry systems, a multi-
pronged research approach is required for 
a complete analysis of adoption potential 
and to develop effective interventions. 
A case study is presented to analyze 
potential for reforestation and improving 
livelihoods of small farmers through the 
adoption of agroforestry systems in the 
Calakmul Biosphere Reserve in Campeche, 
Mexico. Farmer participation in the 
research process, planning of production 
systems, and annual evaluations assisted 
farmers and researchers in identifying 
limitations, testing and evaluating 
alternatives, and improving the viability 
and sustainability of systems. Generally, 
households that originated from the 
Yucatan Peninsula with more education, 
more experience both in age of the head 
of household and technical and project 
experience, higher incomes, and those 
that had cleared more forestland were 
more likely to have experimented with 
agroforestry systems.

32 Wear, David N. 2005. Future 
forestland area in the U.S. South. In: 
Shupe, T.F.; Dunn, M.A., eds. Proceedings 
of Louisiana Natural Resources 
Symposium. Baton Rouge, LA: Louisiana 
State University Ag Center Research & 
Extension: 32-41.

The Southeastern United States has been 
heavily transformed by various forms of 
resource exploitation. A review of historical 
data shows that net change in forest area 
has been minimal, while much of the land 
in the region has experienced some change 
over time. Recent economic changes have 
accelerated urbanization in the region. 
Future forest area depends both on these 
urbanization factors and on the prospects 
for timber prices. A forecasting exercise 
shows that if timber prices remain low, 
the South could see strong net declines in 
forest area for the first time since the early 
20th century.

Threats to Forest 
Health
33 Achtemeier, Gary L. 2005. Planned 
Burn-Piedmont. A local operational 
numerical meteorological model for 
tracking smoke on the ground at night: 
model development and sensitivity 
tests. International Journal of Wildland 
Fire. 14: 85-98.

PB-Piedmont is a high-end weather/smoke 
model designed to track smoke as it moves 
near the ground at night. The purpose 
of the model is to assist land managers 
in answering the following questions: “If 
I burn tomorrow, will I smoke up a road 
tomorrow night and, if so, where?” and 
“Now that I have burned today, where is 
my residual smoke most likely to be going 
tonight?” At night, winds become light 
and variable and cold air tends to flow 
downslope into local drainages. Thus, 
given the local lay of the land, smoke at 
night may move in unexpected directions 
and can impact transportation by moving 
across roadways and restricting visibility. 
Numerous accidents with fatalities and 
injuries have been caused by smoke/fog 
visibility obstructions.

34 Achtemeier, Gary L. 2006. 
Measurements of moisture in 
smoldering smoke and implications for 
fog. International Journal of Wildland Fire. 
15: 517-525.

Smoke from wildland burning in 
association with fog has been implicated 
as a visibility hazard over roadways in the 
Southern United States. A project began 
in 2002 to determine whether moisture 
released during the smoldering phases 
of prescribed burns could contribute to 
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fog formation. Temperature and relative 
humidity data were taken from 27 
smoldering “smokes” during 2002 and 
2003. These measurements revealed 
large variability of moisture. Theoretical 
calculations show that moisture from 
smoldering smokes is sufficient, under 
nocturnal conditions of light winds and 
entrapment, to raise relative humidity to 
100 percent, to increase existing fog, and/
or to initiate fog where fog might otherwise 
not have occurred.

35 Achtemeier, Gary L; Glitzenstein, Jeff; 
Naeher, Luke P. 2006. Measurements of 
smoke from chipped and unchipped 
plots. Southern Journal of Applied Forestry. 
30(4): 165-171.

There is an increasing use of mechanical 
chipping in place of prescribed fire in 
smoke-sensitive areas along the wildland-
urban interface to try to eliminate the 
smoke problem. It has been countered that 
under certain circumstances, mechanical 
chipping could actually increase smoke 
production. Despite this study’s limited 
scale due to expenses, there are several 
implications for land management.

• The active burn phase smoke production 
in the chipped-burn plot was about 60 
percent of that in the burn-only plot. 

• Extrapolated to an operational scale 
burn, it is clear that fairly high levels of 
smoke would still be produced in both 
active burn and smoldering phases.

• For several years after chipping and 
before the chipped fuels have fully decayed 
into soil, chipped fuels could ignite and 
smolder in a manner analogous to the 
ignition of organic soils. Land managers 
should not use chipped areas as fire 
breaks or “fire stoppers” when planning 
prescribed burns.

36 Campbell, J.W.; Hanula, J.L.; Waldrop, 
T.A. 2007. Effects of prescribed fire and 
fire surrogates on floral visiting insects 
of the Blue Ridge Province in North 
Carolina. Biological Conservation. 134: 
393-404.

Insect pollinators help maintain forest 
plant diversity, but the impacts of forest 
management practices on pollinators is 
unknown. We investigated prescribed 
burning and shrub control effects. Of 7921 
flower visitors, Hymenoptera (mostly bees) 
was the most abundant and diverse order. 

We also caught seven families of butterflies 
(Lepidoptera), six families of beetles 
(Coleoptera), and two families of flies 
(Diptera). Most floral visitors were captured 
where the understory shrubs were cut and 
the plots were burned, while much lower 
numbers were caught on plots that had 
shrub control only, were burned only, or 
were not treated. Treatments that restore 
healthy forests also benefit pollinators.

37 DiCosty, Ralph J.; Callaham, Mac 
A., Jr.; Stanturf, J.A. 2006. Atmospheric 
deposition and re-emission of mercury 
estimated in a prescribed forest-fire 
experiment in Florida, USA. Water, Air, 
and Soil Pollution. 176:77-91.

How much mercury is emitted from 
prescribed fires in the South? Is the 
mercury emitted simply a “re-emission” 
of previous atmospheric deposition, or 
do southern forest soils have high levels 
of geologic mercury that are emitted 
during these fires? We compared mercury 
levels in burned and unburned soils at 
the Osceola National Forest (Florida) to 
begin answering these questions. Our data 
suggest that prescribed fires emit relatively 
small amounts of mercury and that this 
mercury is simply a “re-emission” of 
previous atmospheric deposition. However, 
data from other sites are needed before 
this conclusion can be confirmed.

38 Grove, Simon J.; Hanula, James L., 
eds. 2006. Insect biodiversity and dead 
wood: proceedings of a symposium 
for the 22nd International Congress 
of Entomology. Gen. Tech. Rep. SRS-
93. Asheville, NC: U.S. Department of 
Agriculture, Forest Service, Southern 
Research Station. 109 p.

Dead wood is anything but dead. It is 
the lifeblood of an intricate web of life in 
which insects feature prominently. The 
papers presented here consider both the 
basic ecology and evolutionary history of 
saproxylic (dead-wood dependent) insects 
and how such insects can be affected by 
management of the forests where most 
species live. Past management has not 
always been beneficial to saproxylic insects 
and in some parts of the world has harmed 
them greatly. With continued quality 
research, however, there is some prospect 
that future land management will be more 
accommodating to saproxylic insects.

39 Liu, Yongqiang. 2006. North Pacific 
warming and intense Northwestern 
U.S. fires. Geophysical Research Letters. 
33(L21710): 1-5. 

Seasonal fire predictions provide invaluable 
aid in planning fire-related activities. The 
sea surface temperature (SST) anomalies 
in the tropical Pacific have been used as 
an important predictor for wildfires in the 
South. But their relation to Northwest 
wildfires, the most intense among various 
continental U.S. regions, is weak. This 
study turned attention to other Pacific 
regions and found that the intense 
Northwest wildfires are closely related to 
warming in the North Pacific. A statistical 
model can be developed using the 
identified fire-SST relationships to predict 
seasonal fires in the Northwest, as well as 
other continental U.S. regions.

40 Liu, Yongqiang. 2005. Atmospheric 
response and feedback to radiative 
forcing from biomass burning in 
tropical South America. Agricultural and 
Forest Meteorology. 133: 40-53.

Biomass burning has been extensively 
used to clear forest and savannas. The 
released smoke particles can reduce the 
solar radiation absorbed by the Earth. 
An important issue is how much this 
reduction could offset global warming. This 
study investigates this issue by examining 
biomass burning in the Amazon region. 
The simulation indicates the extreme 
importance of biomass burning in regional 
climate change. The magnitude of the 
annual radiation change due to smoke is 
comparable to that caused by doubled CO2 
in the burning region. However, different 
from the CO2 greenhouse effect, biomass 
burning causes reduction in radiation and 
therefore in surface temperature. This 
result is expected to be useful in projecting 
future climate change of a specific region 
due to various forcing sources, including 
biomass burning. 

41 McLaughlin, S.B.; Nosal, M.; 
Wullschleger, S.D.; Sun, Ge. 2007. 
Interactive effects of ozone and climate 
on tree growth and water use in a 
Southern Appalachian forest in the 
USA. New Phytologist. 174: 109-124. 

New studies with forest trees and small 
watersheds suggest that vegetation will 
use more water when exposed to increased 
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levels of the air pollutant ozone, and 
thus the effects of drought predicted for 
a warmer climate may be amplified. We 
found that current levels of ozone in the 
mountains of eastern Tennessee amplified 
the effects of climate stresses on large tree 
growth, transfer of water from soil to the 
atmosphere, and rates of stream flow from 
forested watersheds in the region. This 
new research suggesting that current levels 
of ozone amplify water loss of forests 
could be important in providing improved 
estimates of the future effects of global 
warming on water use and availability in 
natural systems. The researchers stress 
the need to test these concepts further 
with additional forest types and climatic 
systems.

42 McLaughlin, S.B.; Wullschleger, S.D.; 
Sun, G.; Nosal, M. 2007. Interactive 
effects of ozone and climate on 
water use, soil moisture content, and 
streamflow in a Southern Appalachian 
forest in the USA. New Phytologist. 174: 
125-136.

Documentation of the degree and direction 
of effects of ozone on transpiration of 
canopies of mature forest trees is critically 
needed to model ozone effects on forest 
water use and growth in a warmer future 
climate. Patterns of sap flow in stems 
and soil moisture in the rooting zones of 
mature trees, coupled with late-season 
stream flow, in three forested watersheds 
in east Tennessee were analyzed to 
determine relative influences of ozone 
and other climatic variables on canopy 
physiology and stream flow patterns. This 
new research suggesting that current levels 
of ozone amplify water loss of forests 
could be important in providing improved 
estimates of the future effects of global 
warming on water use and availability in 
natural systems. The researchers stress 
the need to test these concepts further 
with additional forest types and climatic 
systems.

43 Michael, J.L.; Batzer, D.P.; Fischer, J.B.; 
Gibbs, H.L. 2006. Fate of the herbicide 
sulfometuron methyl (Oust®) and 
effects on invertebrates in drainages 
of an intensively managed plantation. 
Canadian Journal of Forest Research. 36: 
2497-2504.

Stream contamination and aquatic 
ecosystem impacts of sulfometuron methyl 
(Oust®) applied to catchments for weed 
control in short rotation plantations were 
studied. Sulfometuron methyl was detected 
at very low concentrations during the first 
three months following treatment. The 
faunal communities observed in these 
drainages were dominated by a diversity 
of invertebrates typical of wetland habitats 
such as midges, mosquitoes, water beetles, 
physid snails, and water fleas. Faunal 
communities in treated areas were not 
different from those of untreated areas 
after treatment. This finding suggests that 
environmental impacts from such use are 
minor if not nonexistent.

44 Miller, James H. 2006. Non-native 
wisteria control with herbicides. 
Wildland Weeds. 10(1): 19-21.

Chinese and Japanese wisterias are 
invasive woody vines throughout much 
of the South and Northeast that occur 
in widely scattered infestations. The 
entangled infestations of Asian wisterias 
are difficult to treat, and herbicide 
foliar sprays offer one viable option.  
Six herbicides were tested for control 
capability. Effective herbicides were 
Tordon™, Garlon™, Arsenal™, Accord™, 
and Transline™ at specific times and rates 
of application described in the report. Re-
treatments were necessary. Escort was not 
effective as tested. These outcomes identify 
a range of effective herbicides that can be 
prescribed for wisteria depending upon 
the situation and safety to surrounding 
vegetation and revegetation.

45 Miller, James H.; Allen, H. Lee; Zutter, 
Bruce R. [and others]. 2006. Soil and pine 
foliage nutrient responses 15 years 
after competing-vegetation control 
and their correlation with growth for 
13 loblolly pine plantations in the 
Southern United States. Canadian Journal 
of Forest Research. 36: 2412-2425.

A 15-year collaborative study to 
determine the effects of the intensive 
control of competing vegetation on 
pine plantations was recently reported 
by SRS and university scientists. The 
work, conducted on 13 loblolly pine 
plantations across the South, found that 
pine productivity could be doubled with 
intensive vegetation control. However, 

soil nutrient concentrations decreased by 
one-fourth to one-half over time, and soil 
carbon, nitrogen, and calcium decreased 
most. Less foliar nitrogen and potassium 
occurred after early herbaceous treatments 
that controlled nitrogen fixers. Intensive 
pine culture has placed high demands on 
soil nutrient supplies that have not yet 
been replenished.

46 Miller, James H.; Loewenstein, Nancy 
J.; Hansen, Curtis J. 2006. Alabama 
Invasive Plant Council list of invasive 
plants by cultural use categories. 
Wildland Weeds. 10(1): 15-18.

Invasive plants migrate across land-use 
and water-use boundaries in the mixed 
southern landscape. They are shared by all 
and often originate from urban areas. To 
give recognition to this phenomenon, the 
Alabama Invasive Plant Council (ALIPC) 
has created its invasive plant list as a 
spreadsheet showing cultural categories—
who plants and who is impacted. This 
is appropriate since ALIPC membership 
is open to all stakeholders, because only 
through cooperative efforts can this 
dilemma be effectively addressed.

47 Vogt, Peter; Riitters, Kurt H., Estreguil, 
Christine [and others]. 2007. Mapping 
spatial patterns with morphological 
image processing. Landscape Ecology 22: 
171-177.

Previous national assessments of forest 
fragmentation identified the need for 
better indicators of fragmentation and 
more efficient computational approaches. 
Morphological image processing provides 
much higher spatial precision and 
thematic accuracy compared to a previous 
approach based on image convolution, 
while retaining the capability to label these 
features at the pixel level for any scale of 
observation. The implementation of the 
technique is demonstrated for a forest 
map of the Val Grande National Park in 
North Italy. The new technique will be 
used in the Forest Service 2010 national 
RPA Assessment required by the Resource 
Planning Act.

48 Vogt, Peter; Riitters, Kurt H.; 
Iwanowski, Marcin [and others]. 2007. 
Mapping landscape corridors. Ecological 
Indicators 7:481-488.
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Corridors are important geographic 
features for biological conservation and 
biodiversity assessment. However, the 
identification and mapping of corridors is 
usually based on visual interpretations of 
movement patterns (functional corridors) 
or habitat maps (structural corridors), 
which has prevented their consideration 
in national assessments of forest spatial 
patterns. This paper presents a new 
method for automated mapping of 
structural corridors from satellite imagery, 
and demonstrates environmental reporting 
of forest corridors in northern Slovakia. 
The new method will be used in the Forest 
Service 2010 national RPA Assessment 
required by the Resource Planning Act.

49 Wickham, J.D.; Riitters, K.H.; Wade, 
T.G. [and others]. 2006. The effect of 
Appalachian mountaintop mining on 
interior forest. Landscape Ecology. 22: 
179-187.

Southern Appalachian forests are 
predominantly interior because they are 
spatially extensive with little disturbance 
imposed by other uses of the land. 
Appalachian mountaintop mining 
increased substantially during the 1990s, 
posing a threat to the interior character 
of the forest. We used spatial convolution 
to identify interior forest at multiple 
scales on circa 1992 and 2001 land-cover 
maps of the Southern Appalachians. Our 
analyses show that interior forest loss 
was 1.75–5.0 times greater than the direct 
forest loss attributable to mountaintop 
mining. Mountaintop mining in the 
Southern Appalachians has reduced forest 
interior area more extensively than the 
reduction that would be expected based 
on changes in overall forest area alone. 
The loss of Southern Appalachian interior 
forest is of global significance because of 
the worldwide rarity of large expanses of 
temperate deciduous forest.

Forest Watershed 
Science
50 Coleman, M.; Tolsted. D.; Nichols, 
T. [and others]. Post-establishment 
fertilization of Minnesota hybrid poplar 
plantations. 2006. Biomass & Bioenergy. 
30(8-9): 740-749.

Short rotation woody crops are fast 
growing tree plantations that can be 
harvested after 10 years or less. They can 

be used as an alternative energy source, 
including production of ethanol fuels. To 
maintain fast growth and gain maximum 
energy, short rotation woody crops require 
fertilization; but criteria to prescribe the 
amount to apply are complex because 
demand changes with age. We installed 
trials at numerous locations in western 
Minnesota energy crop plantations. Tree 
growth and sunlight intercepted by tree 
leaves increase with fertilization, even 
though recommended laboratory analyses 
did not predict such a response. Based 
on the results, we recommend changes 
to nutrient diagnosis and fertilizer 
prescription procedures.

51 Coleman, M.D.; Stanturf, J.A. 2006. 
Biomass feedstock production systems: 
economic and environmental benefits. 
Biomass & Bioenergy. 30(8-9): 693-695.

At a time of rising gasoline prices, there 
is tremendous demand for alternative 
energy sources. Biomass is an alternative 
energy source that is both economically 
and environmentally beneficial. The 
Short Rotation Woody Crops Operations 
Working Group meets biennially to discuss 
the latest findings in biomass feedstock 
production for energy and bio-based 
products. This issue of Biomass & Bioenergy 
includes the proceedings of the 2004 
meeting held in Charleston, SC. Articles 
include a historical perspective on energy 
crops, worldwide bioenergy development, 
ethanol production, and descriptions of 
economic, biological, and operational 
aspects of cropping systems. The collection 
will serve as a reference for biomass crop 
production and bioenergy development.

52 De Steven, Diane; Sharitz, Rebecca 
R.; Singer, Julian H.; Barton, Christopher 
D. 2006.  Testing a passive revegetation 
approach for restoring Coastal Plain 
depression wetlands.  Restoration 
Ecology. 14: 452-460.

Across the Southeastern Coastal Plain 
region, seasonally ponded depression 
wetlands support distinctive plant diversity 
and provide critical wildlife habitat. Many 
of these unique wetlands were degraded 
or destroyed by historical drainage and 
conversion.  Because of continued threats, 
conserving intact wetlands and restoring 
degraded sites are regional concerns. In 
an experiment testing several restoration 

methods, 16 degraded wetlands were 
restored by plugging surface ditches 
and harvesting out successional forest 
indicative of drained sites. Wetland plant 
species established successfully from 
seed banks, but some species typical of 
natural wetlands were absent. Passive 
revegetation may be adequate for 
restoration if seed banks have suitable 
plant species, but supplemental planting 
of selected species may be desirable in 
some cases. Re-establishing hydrology is 
key to revegetation success, but periodic 
droughts present an unavoidable challenge 
to restoring these rainfall-dependent 
wetlands.

53 Dosskey, M.G.; Helmers, M.J.; 
Eisenhauer, D.E. 2006. An approach 
for using soil surveys to guide the 
placement of water quality buffers. 
Journal of Soil and Water Conservation. 
61(6): 344-354.

Riparian forest buffers may function 
better in some locations than in others for 
filtering pollutants out of agricultural runoff 
water. A simple method was developed 
for using information contained in soil 
surveys to identify better locations for 
filtering sediment and dissolved pollutants 
from surface and groundwater flow. The 
method provides an estimate of how well 
a buffer would work in each soil map unit. 
The mapped results can guide managers to 
locations where protection and installation 
of buffers would yield greater water quality 
benefits.

54 Flebbe, Patricia A.; Roghair, 
Laura D.; Bruggink, Jennifer L.  2006.  
Spatial modeling to project Southern 
Appalachian trout distribution in 
a warmer climate.  Transactions of 
American Fisheries Society. 135: 1371-
1382.  

In the Southern Appalachians, distribution 
of wild trout is presently limited by 
temperature and is expected to be limited 
further by a warmer climate. We produced 
a regional map of current wild trout habitat 
and developed a quantile regression model 
of the elevation–latitude boundary for 
trout. Combined with a lapse rate model, 
the boundary model was used to project 
future wild trout distributions over a range 
of increased temperature. If predictions 
of the Hadley Global Circulation Model 
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(GCM) are assumed, approximately 53 
percent of trout habitat would be lost, and 
if the more extreme Canadian GCM is used, 
97 percent would be lost. With increasing 
temperature, fragmentation would 
increase, leaving populations in small 
isolated patches vulnerable to extirpation 
because recolonization is unlikely. The 
regional trout habitat map could be used 
for assessing impacts of other regional 
stressors.

55 Gardiner, Emile S.; Yeiser, Jimmie L. 
2006. Underplanting cherrybark oak 
(Quercus pagoda Raf.) seedlings on a 
bottomland site in the Southern United 
States. New Forests. 32: 105-119.

Forest managers have long recognized the 
difficulty of regenerating oak seedlings 
in mature bottomland hardwood stands. 
Natural regeneration has been unreliable 
and difficult to predict, hard to encourage 
with stand management practices, and 
slow to respond to disturbance. Research 
demonstrated that partial stand harvesting 
followed by seedling underplanting can 
be used to establish cherrybark oak on 
bottomland sites. Application of a suitable 
herbicide solution can effectively reduce 
Japanese honeysuckle competition. This 
new regeneration practice could greatly 
improve sustainability of bottomland 
hardwood forests by facilitating 
establishment of the ecologically and 
economically valued bottomland oaks.

56 Kennedy, Thomas B.; Haag, Wendell 
R. 2005. Using morphometrics to 
identify glochidia from a diverse 
freshwater mussel community. Journal 
of North American Benthological Society. 
24(4): 880-889.

Studies of freshwater mussel reproductive 
success in the wild have been hindered 
by an inability to identify larval stages 
(glochidia) of mussels. We measured 
shell length, hinge length, and height of 
glochidia from 21 mussel species occurring 
in the Sipsey River, Alabama, then tested 
our ability to identify unknown glochidia 
using these dimensions.  Glochidial size 
differed widely among species, and we 
were able to classify 72 to 79 percent 
of glochidia to the correct species using 
discriminant function analysis. Unlike 
previous studies, we found that glochidia of 
closely related species were not necessarily 

more similar to each other than to 
glochidia of more distantly related species, 
indicating that considerable divergence in 
shell shape has occurred. Our results show 
that these three simple shell measurements 
can be useful for identification of unknown 
glochidia or for rapidly narrowing the 
range of potential species identifications.

57 Lockhart, Brian R.; Gardiner, Emile 
S.; Leininger, Theodor D. [and others]. 
2006. Flooding facility helps scientists 
examine the ecophysiology of 
floodplain species used in bottomland 
hardwood restorations. Ecological 
Restoration. 24(3): 151-157.

Bottomland hardwood ecosystems, 
important for their unique functions and 
values, have experienced considerable 
degradation through deforestation, 
development, and drainage.  Restoration 
requires a better understanding of 
biological components, especially plants, 
and their interactions with other biotic and 
abiotic components of the ecosystem.  We 
describe a facility, named the Flooding 
Research Facility, where hydrological 
regimes can be manipulated to study 
ecophysiology of floodplain species.  Key 
features of the facility include the ability 
to study flood frequency, duration, and 
light availability.  Additionally, we provide 
an example of ongoing research on the 
effects of flooding and light availability on 
pondberry (Lindera melissifolia).

58 Landis, Thomas D.; Dreesen, David R.; 
Dumroese, R. Kasten. 2003. Sex and the 
single Salix: considerations for riparian 
restoration. Native Plants. 4(2): 110-117.

Most restoration projects strive to create 
a sustainable plant community, but 
exclusive use of vegetatively propagated 
material may prevent this goal. Hardwood 
cuttings of dioecious (plants are either 
male or female) willows and cottonwoods 
are widely used in riparian restoration 
projects. Usually, dormant cuttings are 
collected with little attention to the sex 
of the donor plants. A proper mixture 
of male and female plants may not be 
present in the collected plants—or they 
may be entirely just one sex. Collecting 
cuttings with a known ratio of males and 
females will enhance the possibility that 
the resultant plants will produce viable 
seeds on the restoration site and achieve 
the ultimate goal of a sustainable plant 

community.

59 Landis, Thomas D.; Dreesen, David 
R.; Pinto, Jeremy R.; Dumroese, R. Kasten. 
2006. Propagating native Salicaceae 
for riparian restoration on the Hopi 
Reservation in Arizona. Native Plants. 
7(1): 52-60.

Aggressive exotic plants Russian-olive 
(Elaeagnus angustifolia) and saltcedar 
(Tamarix ramosissima) have invaded many 
wetland and riparian areas on the Hopi 
Reservation in Arizona, excluding willows, 
cottonwoods, and other native plants. The 
tribe is removing these invasives and asked 
the Forest Service for help in propagating 
native species to plant in these project 
areas. Although much information is 
available on how to propagate willows and 
cottonwoods, some unique challenges exist 
on Hopi lands: some species are now very 
rare and some are in scattered locations 
of streams, wetlands, and seeps. These 
conditions must be considered during plant 
material collections to ensure that both 
genetic and sexual diversity are adequately 
represented.

60 Sharitz, Rebecca R.; Barton, 
Christopher D.; De Steven, D. 2006.  Tree 
plantings in depression wetlands show 
mixed success. Ecological Restoration 
24(2):114-115.

We evaluated a low-effort approach 
(no seedling protection, no competition 
control) for reforesting degraded Coastal 
Plain depressions with wetland tree 
species. Seedlings of baldcypress (Taxodium 
distichum) and swamp tupelo (Nyssa biflora) 
were planted at 15-ft spacing in eight 
depressional wetlands that were restored 
by clearing out successional vegetation 
and plugging drainage ditches. Seedling 
heights at planting averaged 41 and 22 
inches, respectively. Nearly 80 percent 
of the baldcypress survived after four 
years, whereas the tupelo suffered over 
75 percent mortality from flooding and 
drought stress.  Existing guidelines for 
bottomland reforestation recommend a 
minimum tree seedling height of 18 inches; 
however, in depressional wetlands that 
remain ponded during the growing season, 
using taller seedlings or preferentially 
planting into shallow-water zones may 

improve survival.  
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Research Work Units
Location &
Project Leader Name & Web Site Phone

Athens, GA Pioneering Research on Changing 706-559-4263
Ken Cordell Forest Values in the South and Nation

Forest Ecosystem Restoration and Management

Asheville, NC Upland Hardwood Ecology and 828-667-5261
David Loftis Management
 www.srs.fs.usda.gov/bentcreek

Auburn, AL Restoring Longleaf Pine 334-826-8700
Kris Connor Ecosystems
 www.srs.fs.usda.gov/4111

Monticello, AR Southern Pine Ecology 870-367-3464
James Guldin www.srs.fs.usda.gov/4106

Saucier, MS Forest Genetics and Ecosystems 228-832-2747 
Dana Nelson Biology
 www.srs.fs.usda.gov/organization/
 unit/mississippi.htm#SRS-4153

Forest Values, Uses, and Policies

Athens, GA Understanding Changing Social 706-559-4222
Michael Bowker, Acting and Natural Systems
 www.srs.fs.usda.gov/trends

Auburn, AL Forest Operations 334-826-8700
Bob Rummer www.srs.fs.usda.gov/forestops/

Pineville, LA Utilization of Southern Forest  318-473-7268
Les Groom Resources
 www.srs.fs.usda.gov/4701

Research Triangle Forest Economics and Policy 919-549-4093
Park, NC www.srs.fs.usda.gov/econ
David Wear

Threats to Forest Health

Asheville, NC Eastern Forest Environmental 828-257-4854
Danny Lee Threat Assessment Center
 www.srs.fs.usda.gov/cc
 /threatassessment.htm

Athens, GA Center for Forest Disturbance Science 706-559-4316
John Stanturf www.srs.fs.usda.gov/disturbance

Pineville, LA Insects, Diseases, and Invasive 318-473-7232
Kier Klepzig Plants of Southern Forests
 www.srs.fs.usda.gov/4501

Forest Watershed Science

Franklin, NC Forest Watershed Science 828-524-2128
Jim Vose www.srs.fs.usda.gov/coweeta

Lincoln, NE National Agroforestry Center 402-437-5178
Michele Schoeneberger www.nac.gov

Stoneville, MS Bottomland Hardwoods 662-686-3154
Ted Leininger www.srs.fs.usda.gov/cbhr

Natural Resources Inventory and Monitoring

Knoxville, TN Forest Inventory and Analysis 865-862-2000
Bill Burkman www.srsfia2.fs.fed.us
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Cardinalflowers are adapted for wet 
conditions. (Photo by John D. Byrd, MS State 

University, www.forestryimages.org)
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Science You Can Use!
Upland hardwoods occur extensively 
in the Southern Appalachians, on 
the Cumberland Plateau, and in the 
Ozark region. Oaks, as a group, are a 
significant component of these forests, 
but are losing their place to more 
aggressive species such as red maple 
and yellow-poplar in many areas. In the 
next issue of Compass, we will focus 
on the methods SRS researchers have 
developed to restore upland hardwood 
forests and promote the regeneration of 
the mighty oak. 

Bur Oak (Quercus macrocarpa) (Photo by Joe 
O’Brien, Forest Service, www.forestryimages.org)


