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A LETTER FROM THE DIRECTOR 

We attempt each year to identify a series of articles that will give a broad overview of the research activities in 
the College of Agriculture and Life Sciences. This year's topics range from genomics to economics, from 
commodities to sun protection, from safety issues to environmental concerns, and from rural to urban problems. 

The story on perchlorate contamination in the Colorado River and possible uptake by crops grown with this 
water reveals the first information on this issue but I am certain it will not be the last. There is also a featured 
article on soil remediation, another environmental issue that will be with us for many years. 

Vegetables, cotton and cattle are the major commodities in this state. We have included information on all of 
these and more. Our plant scientists lead the nation with their work on plant genomics. Appropriately, we 
have included some of this work in addition to articles on safety, consumer issues, and human and natural 
resources. 

I want to express my appreciation to the faculty and staff who developed the information and to our production 
staff, Susan McGinley, Robert Casler, Maria del Carmen Aranguren and Joanne Littlefield, who have again 
exceeded expectations with the content and layout. 

As always, please contact us or the individual faculty listed at the end of each article if you have questions or 
comments. 

Colin Kaltenbach 
Vice Dean and Director 
520 -621 -7201 
kltnbch@ag.arizona.edu 
cals.arizona.edu 

A VISION OF THE COLLEGE OF AGRICULTURE AND LIFE SCIENCES 
IN ARIZONA'S AGRICULTURAL FUTURE 2003 -2013 

In 1985 the University of Arizona College of Agriculture undertook a comprehensive two -year assessment 
of Arizona agriculture, culminating in a 1986 report that characterized the role of agriculture in Arizona and 
in the marketplace, forecasted the challenges and needs facing Arizonans as a result of changes in agriculture, 
identified scientific, technological, and institutional develops to meet our future needs and provided 
recommendations for action by the state, agribusiness, and Arizona's universities. 

On May 20, 2003, the College of Agriculture and Life Sciences hosted a one -day round -table forum 17 years 
after the original report to develop the document, "A Vision of the College in Arizona's Agriculture Future." 
Invitees to the round -table, representing a broad spectrum of Arizona agribusiness, provided input toward a 
blueprint for action in cooperation with College of Agriculture and Life Sciences stakeholders and agribusiness- 
related public agencies. Their views on challenges, trends and needs for their industries are summarized in a 
report that is available online at cals. arizona .edu /dean/futuringreport.pdf. 
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etractable Roof Greenhouse Cultivation Offers Flexibility 

Plants thrive under moveable shade 

Plant scientist Ursula Schuch stands outside the retractable roof greenhouse at the UA 
Campus Agricultural Center. The roof and walls can be opened or closed, offering ventilation 
and light while controlling for wind, sunlight or cold temperatures. 
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The difference couldn't be more dra- 
matic: the basil plants in the ground 

outside look small and spindly compared 
to the luxuriant green and purple- leaved 
specimens growing in the retractable roof 
greenhouse. Part of a study exploring niche 
markets for fresh herbs, basil is one of 
several projects in progress inside this 
commercial grade facility at the University 
of Arizona's Campus Agricultural Center in 
Tucson. 

Inside the quarter -acre building, plants 
get the best of both sun and shade depend- 
ing on prevailing conditions. Too much 
wind? Let down the side walls. Need more 
sun? Roll back the flat roof a little. Some- 
what less enclosed than a regular green- 
house, the retractable roof greenhouse is the 
next best thing to being outdoors if you're a 
plant, according to plant scientist Ursula 
Schuch. You get the ventilation and light 
while controlling for wind, too much sun, 
or cold temperatures. 

"We can completely open or close the 
roof and side walls," she says. "The roof is 
water permeable so rain can leak through 
slowly -unless it's more than two inches 
per hour, which would be too much." Water 
congregates along driplines in the spun 
polyethylene roofing material. Woven in 
two different thicknesses, the fabric pro- 

By Susan McGinley 

vides 35 percent and 50 percent shade in an 
alternating arrangement down the length of 
the building. A black ground covering 
keeps out weeds and prevents crop roots 
from growing out of pots into the ground. 
Each of the six growing bays is 60 feet by 
180 feet, enough to accommodate several 
rows of pots fitted with hydroponic tubing. 

All of this flexibility gives faculty and 
students the chance to test herbs, bedding 
plants, shrubs, trees and vegetables using 
varying amounts of solar radiation and 
ventilation. They use gauges to check soil 
temperature and relative humidity around 
the plant canopy; computers regulate the 
timing and operation of the roof panel 
motors and also the amount and timing of 
irrigation and fertilizing. 

Retractable roof greenhouses have been 
around for about 15 years but are still 
considered relatively new, Schuch says. 
Most growers install them in units of one to 
several acres, so this one is fairly small by 
industry standards. She and several 
graduate students thus are conducting 
experiments using the same technology 
available to the nursery industry, but their 
emphasis right now is on crops that are not 
currently grown in Arizona on a commer- 
cial scale. 

The goal is to find out what grows well in 
desert retractable roof greenhouses and 
determine the best techniques for produc- 
ing high -value crops in them. Workshops 
and tours are offered periodically to share 
research results with growers. Experiments 
are sponsored by different organizations. 

The basil study is funded by the Arizona 
Department of Agriculture to explore the 
production of culinary herbs for high -end 
fresh -market sales to restaurants and other 
gourmet outlets. Schuch and graduate 
student Jennifer Nelkin chose basil because 
it's a valuable cash crop with a short shelf 
life. Among the finer restaurants in Phoenix 
and Tucson there is a demand for this high - 
quality herb chopped up in pesto and other 
dishes, and also as a garnish. The leaves 
need to be large, tender, flavorful, attractive 
and unblemished. 

Everything in the experiment is a series 
of twos: the researchers are comparing basil 
grown in media -filled pots and in rock 
wool, a hydroponic medium; they are 
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growing two types of basil, "Purple 
Ruffles" and the green "Genovese ", under 
two types of shade. For comparison, the two 
basil cultivars are also planted in the ground 
outside the greenhouse. 

Integrated pest management techniques 
are used for controlling loopers and other 
pests. 

"These herbs are all organically grown," 
Schuch says. "If we can't grow the crop 
organically we're not even interested." 

Every week Nelkin harvests leaves from 
the plants and weighs the yields from all 
the treatments. The researchers also 
measure the size of the leaves, essential oils 
and several other parameters to learn how 
the different environments and cultural 
treatments affect plant growth. 

"We want to manipulate the root zone 
temperature, keeping it in the range 
optimum for growth, around 65 to 90 
degrees Fahrenheit," Schuch says. Tern - 
peratures higher or lower than that prevent 
the plant from photosynthesizing on a 
maximum basis and thus depress yields. 
The researchers are aiming to produce the 
maximum amount of high -quality shoot 
tips per plant. Next season they'll grow the 
basil again to come up with the optimum 
cultural management strategy for doing 
that, including calculations on a per -acre 
basis for inputs and outputs and produc- 
tion cost estimates. 

How good is this basil? A chef at one of 
Tucson's finer restaurants told Nelkin it's 
the best he's ever seen. 

Ursula Schuch examines "Purple Ruffles" basil 
leaves in the greenhouse. 

Other studies include testing lemon grass 
as a culinary herb; exploring tomato and 
pepper growing techniques; comparing dig 
dates and cold storage on performance and 
flowering of bareroot roses; and using 
integrated pest management to control 
rhyzoctonia (a fungus) on bedding plants. 

For any of these projects, the big objective 
is to manage the various components of the 
retractable roof greenhouse to maximize 
photosynthesis for optimum plant perfor- 
mance. Schuch admits that it can be a 
juggling act. 

"Yet it's really exciting because there are 
so many questions and you have to think 
about how to use different strategies for 
each crop." IS 

"Purple Ruffles" basil from the UA 
greenhouse garnishes a dinner 
prepared by chef Steven Shultz of 
the Red Sky Cafe, a local Tucson 
restaurant. 

Lemongrass, a culinary herb, thrives under the retractable roof 

The retractable panels are 
operated by motors mounted on 
the roof The thick panel on the 
left provides 50 percent shade; the 
thinner one on the right, 35 
percent shade. 
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CONTACT 
Ursula Schuch 
(520) 621 -1060 
ukschuch @ag.arizona.edu 
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emediating Soil and Groundwater Contamination 

Tools and strategies that are making a difference 

"The idea is the same as using 

detergent to lift dirt from 
clothes;" Brusseau says. "We are 
essentially taking a detergent, 
mixing it with water, injecting it 
into the source zone and 
pumping it back up to bring out 
contaminants." 

Chemical compounds that contaminate 
soil may also pollute groundwater, 

causing health and environmental 
problems. Years after a hazardous 
substance has been taken off the market, it 
may persist in soil at the primary zone of 
contamination and also in plumes that 
spread out, making it difficult to clean up or 
remediate. 

Mark Brusseau, an environmental scientist 
in the Department of Soil, Water and 
Environmental Science at the University of 
Arizona, has spent about 15 years 
researching and designing systems for 
reducing or eliminating contaminants from 
the soil. He has assisted in devising methods 
for cleaning up various Superfund sites, 
including one at Tucson International 
Airport (TIA). 

Organic soil contaminants such as 
trichloroethylene or TCE -once used to 
clean aerospace electrical components at 
TIA- persist because they get caught in 
pores between sediment grains in the soil. 
"Once trapped, they're very hard to 
remove," Brusseau says. "A little bit can 
contaminate a very large amount of 
groundwater and serve as a very long -term 
problem." TCE is a suspected human 
carcinogen. 

Every project is a collaborative effort 
involving university scientists, industry 
managers and government agency officials. 
Brusseau's role is to analyze the character of 
each spill. He identifies the specific processes 

This is an example of an actual cyclodextrin vertical flushing system that was used at a 

contaminated site. 
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By Susan McGinley 

that control the movement or remediation of 
the contaminants involved. Then he 
researches and develops remediation 
technologies that are feasible and suitable for 
each site. Industries and government 
agencies adopt the strategies that are most 
cost -effective and thorough in removing the 
contaminant. 

Various organic and inorganic pollutants 
require different cleanup technologies. One 
treatment option is bioremediation, the 
process of using plants or microorganisms to 
degrade contaminants. It works well on 
gasoline leaks from storage tanks, but 
chlorinated solvents such as 
trichloroethylene (TCE) do not respond as 
effectively to bioremediation. Some of 
Brusseau's work has focused on TCE and 
similar compounds that require other 
approaches. 

He and his colleagues, including students, 
start each decontamination project at the 
source zone, the area where the 
contamination has entered the soil 
subsurface. 

"This is usually where there was a break in 
a pipe or a tank -a leak," Brusseau says. 
"With TCE the actual liquid gets trapped in 
that vicinity of the spill location. It's a highly 
concentrated contaminant mass that is 
immiscible, meaning it doesn't mix with 
water. When it reaches the soil vadose zone, 
an aerated area above the groundwater, it 
can evaporate partly into the air and spread 
eventually into the groundwater plume." 

To decontaminate a site, both the source 
zone and the plume need to be removed. To 
figure out what works best for each problem, 
Brusseau uses a combination of field tests, 
bench -scale laboratory studies and computer 
modeling systems that show how TCE and 
other chemicals would behave at a site. 

Right now he and his group are looking at 
an enhanced pump- and -treat method, where 
a remediating agent is pumped into the 
source zone to attach chemically to the 
contaminant, flushed back up to the surface, 
and then treated and either disposed of or 
stored. 

With enhanced flushing, the scientists 
create a solution using a reagent that mixes 
with water, and pump it down to the 
contaminant in the source zone. 

"The idea is the same as using detergent to 
lift dirt from clothes," Brusseau says. "We are 
essentially taking a detergent, mixing it with 
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water, injecting it into the source zone and 
pumping it back up to bring out 
contaminants." Contaminants that lend 
themselves to this type of treatment are ones 
whose water solubility is low; they transfer 
into the reagent solution in a greater amount 
and more quickly than they would if mixed 
with water alone. The detergent Brusseau is 
looking at involves sugar -based compounds 
called cyclodextrins. 

"The community might be concerned 
about what you're putting in the site," 
Brusseau says. "Our sugar molecule is 
derived from cornstarch. We hope people 
will be more comfortable about having this 
used to clean up a site in their communities." 

Shaped like a lampshade, the cyclodextrin 
molecule has a cavity in the middle that has 
a low polarity, while the outside has a high 
polarity. Since water is polar, the cyclodextrin 
mixes well with it. When pumped down to 
the contaminant, the cyclodextrin molecules 
engulf the TCE, pulling it inside, away from 
the water it can't mix with. When the 
cylodextrin molecules are flushed to the 
surface, they carry out the TCE as their 
cargo. 

"I first became aware of this cyclodextrin 
compound when I served as a judge for a 
high school science fair," Brusseau says. "I 
got interested in the compound and found it 
was used for other applications in analytical 
chemistry and pharmacy studies. It is 
included in fabric softeners as a delivery 
agent." At the UA he has tested it in bench - 
scale investigations in the lab and then 
tried pilot -scale demonstrations at four 
actual field sites around the country, 
including one at TIA. 

Another compound Brusseau and his team 
are testing is potassium permanganate, 
which operates in a completely different way. 
It oxidizes and breaks down carbon 
compounds right where they are in the 
ground. A widely available water treatment 
reagent, potassium permanganate has only 
recently been tried in remediating soil 
contaminants. 

"We dissolve the potassium permanganate 
in water, put it in the source zone and it 
degrades or destroys the molecules. It's like 
bioremediation, but using a chemical reagent 
rather than microorganisms," he says. "The 
toxic compounds break down in place so you 
don't have to bring them to the surface. The 
contaminant is no longer a hazard when it's 

This schematic shows the flow of the reagent cyclodextrin (the green tank marked "HPCD ") 
that is mixed with water, pumped to the source zone where it attaches chemically to the 
contaminant, and is flushed to the surface together with the contaminant 

broken down." The process differs from 
bioremediation in that it uses a chemical 
instead of a biological molecule to do the job. 
Brusseau and his colleagues tested this in the 
laboratory and have recently tested a pilot - 
scale field implementation of it. 

Potassium permanganate is cheaper to use 
than the other methods, but its adoption still 
depends on how effective it is in each 
situation. 

Brusseau enjoys applying basic science to 
real -world problems in collaboration with 
cooperating industries and government 
agencies. He says the best way to clean up 
contaminated sites is to combine the efforts 
of scientists at research institutions, 
consultants working in the field, managers of 
industries where the actual contaminated 
sites are located, and officials from the 
regulatory agencies overseeing the cleanup. 
Working together they can address the 
contamination and include the input of 
community members who may have 
concerns about the contamination and the 
method selected for reducing it. 

"This brings the best knowledge and skills 
to apply to real sites, to help improve 
remedial actions," Brusseau maintains. "TIA 
is a good example of this collaboration, 
where the UA, Raytheon, the EPA and U.S. 
Air Force all worked together on enhancing 
the basic remediation system. We're trying to 
understand how chemicals move in the 
ground and to apply that knowledge to 
contaminated sites to improve remediation 
and ultimately prevent future 
contamination." El 
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"Our sugar molecule is derived 
from cornstarch. We hope 
people will be more comfortable 
about having this used to clean 

up a site in their communities." 

CONTACT 
Mark Brusseau 
(520) 621-3244 
brusseau@ag.arizona.edu 
www. u. arizona. edu/brusseau 
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mproving Meat Quality with CLA 

Glenn Duff, associate 
professor, with Holstein 
steer "Irwin" at the UA 
Campus Agricultural 
Center feedlot. 

Fatty acid benefits animal and human health 

In a feeding study focused on 
body composition,the research 
team aims to increase lean 
tissue in beef cattle while 
decreasing the fat content in 

the right places. 
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conjugated 
linoleic acid (CLA) isn't yet a 

household term, but it likely will be. A 
naturally occurring polyunsaturated fatty 
acid found almost exclusively in the milk 
and meat fat of ruminants such as cattle, 
sheep and goats, CLA offers benefits for 
both animal and human health. Studies in 
experimental models have shown that CLA 
protects animals against cancer, diabetes 
and heart disease, decreases the animal's 
body fat, stimulates the immune system 
and bone development, alleviates wasting 
disease and eases symptoms of lupus. The 
substance has not yet been extensively 
evaluated in human trials. 

"As a consequence of its biological effects 
and origin, CLA has received considerable 
attention from not only the medical com- 
munity and human nutritionists, but also 
animal scientists, "says Lance Baumgard, 
assistant professor of animal sciences in the 
University of Arizona College of Agricul- 
ture and Life Sciences. 

Baumgard and colleagues Glenn Duff, 
Darrell Goll, Ron Allen and graduate 
student Octavio Mendivil are investigating 
ways of increasing the CLA content of 

By Susan McGinley 

adipose tissue in cattle to improve meat 
quality in natural and conventionally 
raised beef. What they find may not only 
help Arizona's beef industry, but also 
provide a greater understanding of how 
CLA operates to protect and improve 
animal health. 

In a feeding study focused on body 
composition, the research team aims to 
increase lean tissue in beef cattle while 
decreasing the fat content in the right 
places. 

"Fat is deposited in three places in beef 
cattle," Duff says. "There's backfat, internal 
fat, and marbling. We want to decrease the 
first two while leaving the third alone, to 
increase the quality of the meat." CLA 
content in meat and milk can be improved 
by altering feed rations, including changes 
in the ratio of forage to grain concentrates, 
and by adding different types and levels of 
polyunsaturated oils. 

In two trials with 30 cattle in 2001 and 20 
in 2002, the researchers put half the animals 
on a diet with CLA in the feed, and half on 
a control diet. (The animals were from the 
UA's V Bar V Ranch). The CLA they fed the 
animals was chemically synthesized in a 

laboratory, although it can also be obtained 
from animal fat. Each animal received 
infusions of insulin, epinephrine 
(adrenalin) and glucose and was monitored 
for the way it handled these substances 
metabolically and hormonally. 

Mendivil has collected blood from the 
cattle at selected times and analyzed it for 
different concentrations of non -essential 
fatty acids and glucose. He uses a gas 
chromatograph to analyze fat samples for 
fatty acid content. So far the team has 
demonstrated that supplementing dietary 
CLA in beef cattle can increase the CLA 
content of adipose tissue by more than 
four -fold, but questions regarding the 
implications of that change still need to be 
studied. 

"We believe the animals on CLA will 
react in a way that increases muscle 
synthesis and decreases fat synthesis," 
Baumgard says. He hopes this will ulti- 
mately increase the healthiness of meat and 
milk products and improve carcass value, 
feed efficiency and the health and well- 
being of the animal. 
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The next trial will target muscle and fat 
composition in a production situation, 
using Holstein steers from a cooperator in 
Arizona and the same CLA feeding regime. 
Holsteins comprise the majority of the 
state's approximately 300,000 head of 
feedlot cattle. 

"They will be fed diets typical of those 
administered in feedlots across the state, 
with CLA given to half the group," Duff 
says. "During feeding we'll be looking at 
the performance of the cattle, including 
average daily gain, feed intake and feed 
efficiency. We'll also look at the carcasses 
for total meat yield, the size of the rib -eye 
area including the amount of muscle versus 
fat, fat thickness, the amount of internal or 
gut fat (waste), and quality grades -select, 
choice and prime -reflected in marbling." 
Approximately 60 to 80 percent of Arizona 
beef is designated choice grade, depending 
on management programs. 

"We want to improve the percentage of 
calves that grade choice without 
performance," Duff says. "This could 
potentially change the diet at the feedlots." 
Once CLA has been proven to be effective 
in improving meat quality -and the 
researchers believe it will -they will make 
sure it's cost -effective to the producer. CLA 
is so new that it is not commercially 

available as an animal feed component; the 
researchers have been using a preliminary 
study formulation and will have to develop 
a realistic cost analysis for producers. 

"If it works the way we think it does 
there are probably at least two or three 
more years of testing to make sure CLA 
supplements are beneficial, effective and 
cost -efficient," Baumgard says. Feeding 
regimens need to be developed, including 
dosages and timing for growth stages. 
Meat quality resulting from increased 
dietary CLA must be determined, including 
effects on marbling, taste, tenderness, color 
and other factors. 

In a related study Baumgard and Duff 
are analyzing the effects of dietary CLA on 
growth performance in castrated beef 
cattle. They hypothesize that "feeding this 
supplement will prevent the reduced rates 
of gain that immediately follow castration 
and thus improve economic return for the 
Arizona beef industry." 

"There is substantial interest in the 
medical community to utilize CLA as a 
therapeutic nutrient or at least as a preven- 
tative dietary agent for many common 
human diseases, "Baumgard says. "At the 
very least, we believe CLA will have a 
strong positive effect on public perception 
of animal foodstuffs." 181 

u ï 
c 

Lance Baumgard, assistant 
professor, with graduate student 
Octavio Mendivil and research 
specialist Sara Sanders in 
Department of Animal Sciences 
laboratory. 
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CONJUGATED LINOLEIC ACID 
(CLA) 

Beyond obvious vitamin and mineral 
properties, recent evidence shows that 
foods that have been around for 
millenia have other factors that 
improve health. Tomatoes contain 
lycopene, grapes have anthocyanins, 
and broccoli features cancer -fighting 
sulfides. For at least a decade scientists 
have known that conjugated linoleic 
acid found in ruminant animals 
contains one of the most potent anti - 
carcinogens ever discovered, according 
to Lance Baumgard, UA animal 
scientist. 

"It decreases tumor formation, and is 

toxic to existing tumors;" he says. It's 

preventative and therapeutic, and is 

not destroyed by cooking. CIA affects 
Type II diabetes, fat synthesis, lupus, 

atherosclerosis and immune system 
function. It's a remarkable molecule." 

CONTACT 
Lance Baumgard 
(520) 621 -1487 
baumgard@og.arizona.edu 

Glenn Duff f 
(520) 626 -5573 
gduff@ag.arizona.edu 
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mocking the Genetic Codes of Rice and Maize 

Research paves the way for worldwide studies 

ó 

Wing says this will be the first 
project in any system where a 

complete genus -every single 

species -will be characterized 
at the genome level. 

8 

Modern pioneers dive into the deepest 
oceans, catapult into space, find new 

species or create new ways to heal disease. 
They explore cyberspace, stumble upon 
ruins of ancient civilizations, or maybe they 
delve into the immense world of DNA 
strands, conducting fantastic voyages along 
the chromosomes and mapping one gene 
after another. 

This is the world of scientists at the 
University of Arizona and several 
collaborating institutions who are developing 
tools that will unlock the genetic codes of rice 
and maize and serve as models for biological, 
agricultural and environmental research 
worldwide. 

Rod Wing and Vicki Chandler, both from 
the plant sciences department in the 
College of Agriculture and Life Sciences, 
and Cari Soderlund, of the UA Institute for 
Biomedical Science and Biotechnology 
(IBSB) and the plant sciences department, 
are principal investigators on separate 
genome projects. Their work is funded 
through the National Science Foundation 
(NSF) as part of the National Plant Genome 
Initiative (see sidebar). 

Wing, professor of plant sciences and 
director of the Arizona Genomics Institute, 
was awarded a $9.7 million grant to 

By Susan McGinley 

Rod Wing, director of the Arizona 
Genomics Institute, stands in front of 
harvested rice at a small family farm 
in Tsukuba, Japan. 

develop a complete map of the genus Oryza, 
which contains all species of wild and 
domesticated rice. 

"Rice feeds half the world's population 
and that's the group that will double in 
population in the next 50 years," Wing says. 
"We need to know all we can about it. We 
want to decode the rice genome to 
understand the regulatory mechanisms for 
disease resistance and drought control. Once 
we understand how this works we can 
design more drought -tolerant, disease - 
resistant crops and grow them in a more 
environmentally friendly way on less land. 
We can use fewer pesticides and less water." 

Wing and his colleagues from the UA, 
Purdue and New York's Cold Spring 
Harbor Laboratory are developing a 
closed -model system to unravel and 
understand the evolution, physiology and 
biochemistry of the rice genus. 

"It's a project I've been dreaming about 
for three to four years," Wing says. Called 
the Oryza Map Alignment Project, or 
OMAP, Wing says this will be the first 
project in any system where a complete 
genus -every single species -will be 
characterized at the genome level. Wing 
and his team will align the genomes of the 
wild species to the sequenced rice genome. 

The University of Arizona College of Agriculture and Life Sciences 



"This has never, ever been done in animals 
or plants," Wing says. Over millions of years 
the 13 species of rice have evolved and 
adapted to different environments all over 
the world- swamp, shade, salt water and 
other conditions. Including the wild species 
of rice and aligning them with the genomes 
of domesticated rice species on the OMAP 
will enable researchers to find new genes for 
improving cultivated rice. 

This resource will be a platform for 
researchers around the world to explore the 
diversity and evolution of rice genes and will 
serve as a model to establish similar systems 
in both plants and animals. Rice will be 
sequenced by the end of 2004. 

"We'll be able to learn about all sorts of 
phenomena," Wing says, "the origin of 
species, where things are rapidly evolving, 
and where they are evolving more slowly. 
The questions are limitless. We're going into 
brand new territory now." 

Chandler, Regent's professor and co- 
director of the IBSB, is developing low -cost, 
public sector microarray resources for 
analyzing gene expression in maize, the most 
economically important crop in the United 
States. 

She has received a $3.7 million NSF grant 
to continue this work, along with UA plant 
scientist David Galbraith and researchers at 
The Institute for Genomic Research (TIGR) in 
Maryland, the University of Wisconsin and 
the University of Minnesota. 

Microarrays, also known as gene chips, 
consist of thousands of DNA samples 
arrayed in rows of orderly dots bonded to a 
specially prepared glass microscopic slide. 
The first generation array that the Chandler 
group is designing will contain 50,000 genes 
out of an estimated 60,000 in the corn 
genome. 

"We are developing the microarray chips, 
supplying them to researchers and also 
making available a large amount of baseline 
data that can be used to generate hypotheses 
that others can use to design experiments," 
Chandler says. "The idea is to show what the 
technology can do and educate people in 
how to best use it." 

The entire corn genome will eventually be 
available on two glass slides, enabling 
researchers to monitor genes turning on and 

Examples of rice field trials at the USDA Dale 
Bumpers Rice Research Center in Stuttgart, 
Arkansas. 

off under different conditions and learn more 
about how they work. All of the data will be 
quickly available within a public database, 
so that investigators at institutions that do 
not have the resources to perform the 
experiments themselves will have access to 
the data, according to Chandler. 

Adding to the strength of the maize 
genome project is Cari Soderlund's research 
on the technical aspects of gene sequencing. 
Approximately 80 percent of the 2,400 
megabase maize genome is repetitive DNA 
that generally does not contain genes. There 
is an intitiative by the NSF Plant Genome 
program to sequence the gene -rich regions of 
maize. Soderlund's project is contributing by 
generating sequences that will link the 
fragments of gene sequences across the 
repetitive regions. 

"We will develop a web -based genome 
browser in order to verify our results and 
elucidate the structure of maize," Soderlund 
says. "This will also allow scientists around 
the world to view their genes of interest." 
Funded by a $925,712 grant from the same 
NSF genome initiative, this study will 
expedite maize genome sequencing and 
gene discovery, leading to more gene targets 
for crop improvement. 

The increased emphasis on the plant 
genome in these and other pioneering 
projects will radically change fundamental 
plant science research and its application to 
agriculture, forestry, energy, and the 
environment, as well as to the production 
of pharmaceuticals and other plant -based 
industrial chemicals and materials. 
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NATIONAL PLANT 
GENOME INITIATIVE 

re 

The National Plant Genome Initiative 
(NPGI) involves several federal 
agencies, including the National Science 
Foundation, the National Institutes of 
Health and the United States 
Department of Agriculture. 

The NPGI was established in 1998 with 
the understanding that the major 
challenges facing mankind in the 21 s; 

century are the need for increased 
food and fiber production, a cleaner 
environment, and renewable chemical 
and energy resources. Plant -based 
technologies can play a major role in 

meeting each of these challenges. 

National Plant Genome Initiative 
funding has helped make the UA 
Department of Plant Sciences one of 
the strongest in the country. The 
department has consistently pulled in 

$5 to 15 million annually in grants for 
the past five years. 

CONTACT 
Vicki Chandler 
(520) 626 -8725 
chandler @ag.arizona.edu 

Rod Wing 
(520) 626 -9595 
rwing @genome.arizona.edu 

Cari Soderlund 
(520) 626 -9600 
cari@genome.arizona.edu 



rive to the Store or Purchase Online? 

Consumer attitudes toward shopping venues affect marketing strategies 
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Each consumer surveyed for this 
research fit into one of the nine 
searching and purchasing groups 
outlined above. "Cross search" means 
searching for products both online 
(virtual) and in physical stores. "Cross 
Acquisition" means buying in physical 
stores and online. The three largest 
groups in the study were the following: 

Cross Search /Physical Acquisition: 
Consumers who tended to search 
online and in physical stores, but 
actually bought items in physical stores 

Physical Search /Physical Acquisition: 
Consumers who preferred searching 
and buying in physical stores 

Cross Search /CrossAcquisition: 
Consumers who searched in both 
virtual and physical channels, and 
bought in both. 

lo 

Despite widespread advertising efforts, 
most Americans don't yet fire up the 

computer and buy online. Shoppers still 
search for and buy books and apparel more 
often in physical stores than through the 
Internet. 

Part of the reason may be consumer 
attitudes toward online shopping 
technology, according to a recent study in the 
School of Family and Consumer Sciences 
(FCS) at the University of Arizona. Shoppers 
who avoid online shopping may not trust 
that it's safe, are not confident about how to 
do it, and /or think it is inefficient. Or they 
may just enjoy the physical experience of 
shopping in a traditional brick- and -mortar 
store. 

"Of the total number of people who visit a 
website, only about 3.1 or 3.2 percent 
actually make a purchase, according to the 
State of Retailing Online 6.0," says Mary Ann 
Eastlick, chair of the Division of Retailing 
and Consumer Sciences. "We're trying to 
understand better the factors that are 
contributing to the limited adoption of online 
use. We want to find out how attitudes affect 
consumers' coping strategies." 

In a study funded by IBM's Global 
Services Division in 2001 -2002, Eastlick, with 
colleagues Soyeon Shim, FCS director, and 
Sherry Lotz, associate professor, surveyed a 

By Susan McGinley 

cross section of American consumers to find 
out more about their searching and 
purchasing behavior. They wanted to know 
which channels people selected to find out 
more about products -physical stores or 
online retailers -and then where they 
actually bought the products. 

The researchers developed and sent a 
written survey questionnaire to 5,000 
consumers nationwide, a sample that was 
stratified to reflect demographic 
characteristics of the U.S. population. The 
study focused on discerning conflicting or 
paradoxical search- purchase habits and 
attitudes for buying books and apparel. 
" Search -purchase" channel- choice strategy 
refers to the various ways in which 
consumers select information channels to 
learn about and purchase products and / or 
services, according to Shim. 

"We were able to group the respondents 
into nine segments based on whether or not 
they searched only through online channels, 
only in physical channels, or in both, 
contrasted with whether or not they 
purchased online or in physical stores, or 
both," Eastlick says. 

Of the 519 respondents, the study found 
that the largest group preferred to search and 
purchase only in traditional brick -and- 
mortar stores. The next largest group 
searched both online and in physical stores, 
but purchased only in physical stores, and 
the third largest group searched and 
purchased in both channels. 

"There were very few people in our study 
who did all of their searching and 
purchasing online," Eastlick says. The 
questionnaire asked specific questions 
regarding consumers' attitudes toward 
online shopping, their experience and level 
of skill in using computers to shop online, 
and their expertise in gathering and 
understanding information on products. 

"What we found is that people who were 
Internet cross- searchers and purchasers felt 
that Web technology offered benefits like 
control over their shopping, saving them 
time and hassle," Eastlick explains. "They 
weren't very concerned about privacy issues 
in buying online. They had a higher 
technology competency and were more 
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frequent users of cell phones and PCs - 
including email -than the other groups." 

Age was not a significant factor in the 
study, and neither was gender or ethnicity, 
although the majority of the respondents 
matched the general U.S. shopper profile: 
Caucasian, female, married, middle -aged, 
well -educated, with middle income. 

The researchers developed a model to 
evaluate consumer coping strategies. Those 
who were willing to integrate online 
shopping into their regular routine had what 
Eastlick and her team dubbed "approach 
coping" strategies. Those who refused to use 
or delayed using online shopping had 
adopted "avoidance coping" strategies. 

Switching to online shopping and 
purchasing involves optimism in trying out 
the technology and the ability to use it 
successfully. The purchaser also needs to 
trust that the site is secure for credit card 
transactions and believe that the items are 
displayed truthfully on the screen. These 
attitudes lead to approach coping. 

In turn, a negative attitude toward online 
shopping technology leads very strongly to 
delaying or refusing to shop online. People 
who perceive that online shopping takes too 
much time or is inefficient in helping them 
decide what to purchase will do most of their 
searching and purchasing of books and 
apparel in traditional channels. Thus they 
have adopted avoidance coping. 

In a related study, Shim and Lotz found 
that a consumer's search / purchase choices 
of market channels -physical stores, 
online- -could be used as a reliable way to 
divide consumers into market segments. 

"Because of the proliferation of multi- 
channel retailers and due to the power and 
efficiency of the Internet as a search- purchase 
tool, we argue that it is critical for retailers to 
understand newly emerging segments of 
their market, which can be differentiated by 
consumers' search -purchase channel 
strategy," Lotz says. 

Research like this contributes to the 
retailer's ability to influence consumer 
attitudes toward their online offerings, 
according to Eastlick. She believes such 
research can identify, for commercial 
retailers, strategies they can use to encourage 

Attitudes Toward the Benefits and Impediments of Online Shopping 

Attitude Toward 
Technology Paradoxes 

Coping 
Strategies 

Search 
Behavior 

Purchase 
Behavior 

an increased adoption of online purchasing 
habits among consumers. 

"They've got to manage these negative, 
distrustful attitudes and reduce the risk for 
the consumer through methods such as strict 
enforcement of privacy policies and seals of 
assurance," she says. In addition, these 
companies need to reduce the risks related to 
consumer incompetence by tactics such as 
making purchase websites easier to 
navigate, and introducing Internet kiosks, 
computers and other aids in stores. The goal 
is not to convert all shoppers to online 
purchasing, but to show them it's an option. 

"It took 100 years for catalogue sales to 
achieve 4.7 percent of total retail sales, 
excluding auto sales," Eastlick says. "In 
contrast, online sales reached 4.5 percent of 
total sales in just six years. But when you 
look at consumer acceptance of online 
retailing, in spite of this quick rise, it's low. 
We're beginning to understand the factors 
that contribute to that low rate of 
acceptance." 

In the future, Eastlick, Shim and Lotz hope 
to examine customer attitudes toward online 
shopping based on their actual experiences 
with individual retailers. Will a bad 
experience with one online purchase cause 
the shopper to avoid online shopping 
altogether, or just with that individual 
retailer? Also, will a bad online experience 
with a retailer cause negative feelings about 
the firm's store and/ or catalog operations 
among consumers? 

"This is a new area of research," Eastlick 
says. "It's tough to develop good methods 
for looking at these questions, but we 
ultimately hope our findings will lead to the 
development of technology that makes 
shopping easier for consumers." ri 
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This chart shows how consumer 
attitudes toward online shopping can 
lead either to approach coping 
(wanting to shop online) or to 
avoidance coping (deciding not to 
search or shop online). Someone who 
is optimistic toward the benef is of 
online shopping will develop approach 
coping. A person who is pessimistic 
toward online shopping will think of 
the drawbacks to it and decide to 
purchase in physical stores instead, 
which is avoidance coping. 

CONTACT 
Mary Ann Eastlick 
(520) 621-8696 
eastlick @u.arizona.edu 

Soyeon Shim 
(520) 621 -7147 
shim @ag.arizona.edu 

Sherry Lotz 
(520) 621 -1295 
slotz @ag.arizona.edu 
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rofitability Research Assists Ranchers 

Manual and workshop developed through producer input 

The Planning for Profitability financial 

management information is available 

to download free as pdf files by linking 
to the Arizona Ranchers' Management 

Guide cals.arizona.edu /AREC/ 
pubs /rmg /ranchers.html 
You can also purchase a hardcopy of 
the entire guide from CALSmart by 

going online to cals.arizona.edu/ 
pubs/. 

The Ranchers' Management Guide 
includes a section on drought assistance 

programs and tax implications related 
to destocking and restocking livestock 
from drought. 

Continued drought conditions have hit 
Southwestern ranchers hard. 

Deteriorating range and forage has forced 
many to reduce their herd numbers, in 
some cases to zero. As producers struggle 
with range problems and subsequent 
economic impacts of extended drought, 
information that enables ranchers to make 
better decisions is essential to their ability 
to bounce back when range conditions 
improve and herd numbers can be increased. 
A poor financial plan can limit restocking as 
much as poor range condition can. 

Many Arizona ranchers are preparing 
long -term plans that will help them be 
profitable and preserve their way of life. A 
research -based manual and workshop 
available through the Department of 
Agricultural and Resource Economics 
(AREC) in the University of Arizona 
College of Agriculture and Life Sciences 
offers assistance in three management 
decision areas that influence the economic 
success of a ranch: range condition, livestock 
productivity, and financial profitability. 

The goal is to help ranchers 
simultaneously evaluate interactions 
among these three areas to develop more 
viable economic game plans for ranching. 
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By Joanne Littlefield 

Designed by Russell Tronstad, associate 
specialist, and Trent Teegerstrom, research 
specialist, both from AREC, the package 
includes a manual with a computer 
software curriculum "Planning for 
Profitability: The University of Arizona 
Ranch Management School." Input from 
ranchers, county extension faculty and 
Arizona Cattle Growers Association staff 
has been used to build and modify this 
material. 

"This curriculum links biological 
productivity, market prices, and input 
costs so that ranchers can estimate the 
financial impacts of management 
decisions," Teegerstrom says. The software 
quantifies the financial impacts of feed 
supplements, alternative drought 
mitigation strategies, and alternative calf 
sale weights and dates. 

For example, utilizing this software 
curriculum, Tronstad and Teegerstrom 
determined that calves weighing 450 to 
550 pounds should be targeted for sale in 
May. The May sales were found marginally 
more profitable than November sales in 
large part because cull cow prices were 
higher in May than in November. The 
team recently published these results in 
the September 2003 issue of the Journal of 
Range Management. 

The original Ranching for Profit software 
template was created in the mid -1990s as a 
tool for ranchers to evaluate management 
strategies accurately. Tronstad and 
Teegerstrom have continued to augment 
and modify this software and supporting 
curriculum to adapt to the needs expressed 
from the livestock community. 

"For example, the recent drought forced 
many ranchers to evaluate the decision to 
exit or restock the ranch," Tronstad says. 
"We built into this curriculum the ability to 
analyze how a forced destocking from a 
subsequent drought would impact the 
cumulative returns associated with 
alternative restocking paths. The system 
also provides computer decision support 
for evaluating alternative drought 
mitigation strategies, cow -culling 
strategies, and a diagnostic tree of costs 
and returns on a per- exposed -cow basis." 
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He says ranchers can enter numbers that 
reflect a baseline for their operation, and 
then evaluate how alternative management 
strategies or policies imposed on them will 
affect their profitability per exposed cow or 
hundred -weight of steer calf sold. 

It is difficult to place a common unit 
across ranches to measure profitability, the 
scientists say. Multiple revenue sources are 
obtained from a ranch over different time 
periods (e.g., cull cows, cull bulls, heifer 
calves, steer calves, yearling steers), 
fertility and calving percentages vary by 
ranch, and ranches sell calves at different 
sale weights. Based on the research, the 
educational program was developed to 
enable livestock producers to pinpoint 
problem cost and revenue areas 
throughout the year and adjust their 
management plans accordingly. Predictions 
about weather and price changes could then 
easily be compensated for. 

"Adjustments in one component of the 
spreadsheet program are linked to others," 
Tronstad says. "Bringing these research 
tools to key clientele through hands -on 
workshops throughout the state has 
proved to be quite helpful." 

"Our main focus during these computer 
workshops has been on the ranch 
profitability spreadsheets, and decisions 
made from these spreadsheets," 
Teegerstrom adds. Through the acquisition 
of a 20- machine mobile wireless computer 
lab, they have been able to deliver hands - 
on computer workshops to more than 400 
ranchers and agribusiness professionals in 
recent years -approximately 80 percent of 
Arizona's industry based on total market 
sales. The computer lab was facilitated in 
2002 through a USDA / RMA grant 
acquired by the scientists. 

They have offered profitability 
workshops in Cochise, Santa Cruz, 
Graham/Greenlee, Coconino and Yavapai 
counties in Arizona; in St. George, Kanab 
and Fredonia, Utah; and at the Southwest 
Indian Agriculture Association (SWIAA) 
meetings in Arizona and Nevada. Sessions 
have been presented to the Havasupai, 
Navajo, Hopi, San Carlos Apache and 
White Mountain Apache. 

Financial management workshop conducted by associate specialist Russ Tronstad. 

The educational program and materials 
were developed through a joint effort of the 
University of Arizona Cooperative 
Extension, Agricultural Experiment Station, 
Agricultural and Resource Economics 
Department, Animal Sciences Department, 
Agricultural Education Department, and 
School of Renewable Natural Resources; 
and USDA /Risk Management Agency, Gila 
Cattle Growers and Yavapai Cattle 
Growers. 

In 2003 a partnership was developed 
with the Arizona Cattlegrowers, Arizona 
Farm Bureau, and Southwest Farm Credit 
to offer joint workshops on finance 
utilizing both the Planning for Profitability 
curricula and the partners curricula. 

Teegerstrom notes that some agricultural 
producers may be able to obtain new ideas 
about management strategies just by going 
through the planning process. 

"We also offer 'crop solver' software for 
farmers that provides an optimal crop mix 
subject to water, labor, risk, and other 
resource constraints for up to 20 different 
crops," he says. 

A paper describing experiences and 
insights they have obtained in delivering 
computer workshops will be presented at 
the session "Implementation and Impact of 
Modern Electronic Technologies on 
Extension" at the 2004 Allied Social 
Sciences Association conference. The paper 
is also scheduled to appear in the August 
2004 issue of the American Journal of 
Agricultural Economics. El 
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Through the acquisition of a 

20- machine mobile wireless 
computer lab, they have been 
able to deliver hands -on 
computer workshops to more 
than 400 ranchers and 
agribusiness professionals in 

recent years. 

CONTACT 
Russell Tronstad 
(520) 621 -2425 
tonstad@ag.arizona.edu 

Trent Teegerstrom 
(520) 621-6245 
tteegers @ag.arizona.edu 
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he Co- Evolution of a Beetle and a Plant 

DNA evidence shows survival of ancient association 

The Bursera leaf squirts a poison under high pressure when the vein is cut. 

With each evolutionary change, 

the insect has adapted behaviorally 

to circumvent the flow of poison, 
figuring out how to disarm the 
plant's squirting mechanism. 
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By Susan McGinley 

The flea beetle genus Blepharida includes more than 
70 species, about half from Africa and the other half 
from the tropical Americas, especially Mexico. 

El or the past 112 million years an insect 
and a plant have faced off in a deadly 

dance where neither quite finishes off the 
other. If the flea beetle bites a leaf, the leaf 
vein squirts a glue -like resin under high 
pressure to poison and immobilize its 
attacker. The beetles have learned to sever 
leaf and stem veins to disarm the squirting 
mechanism so they can continue to feed. In 
response, the plant has developed different 
poisons and toxin delivery systems over 
time. 

Back and forth, the beetle genus Blepharida 
and the host plant genus Bursera have co- 
evolved, each never quite destroying the 
other, weathering separations of continents 
and the extinctions of fellow species. 

For all its drama, this battle and its 
exquisite history may have gone unnoticed if 
Judith Becerra hadn't gotten a terrible case of 
chigger bites in the Tehuacán Valley of 
Mexico in 1991. She was taking students 
from the National Autonomous University of 
Mexico on a field trip to explore arid environ- 
ments. Her swollen, itching ankles forced her 
to fall behind and she began to notice a 
distinctive fragrance coming from a nearby 
shrub. As she snapped a leaf, it squirted a 
resinous, sticky substance that smelled like 
pine, beginning a research adventure that has 
continued for 12 years. 

The results of her study, published in the 
October 2003 issue of the Proceedings of the 

National Academy of Sciences, show the 
resilience of this co- evolutionary system that 
is based on defense and counterdefense 
strategies. 

"At first I was just having fun," says 
Becerra, who is now an assistant professor in 
the University of Arizona Department of 
Entomology. "I wondered why the plant did 
this, so I went looking for something that 
might be eating it. I found these beetles." She 
conducted field and laboratory experiments, 
beginning with the beetles and plants she 
found that day, and later expanded her 
studies to include other beetle species from 
the Blepharida genus, and other Bursera 
species. She traveled to the south of Mexico, 
Sonora, southern Baja, Yucatan and South 
Africa to collect specimens for laboratory 
studies. In all, Becerra analyzed 40 different 
plant -beetle associations from around the 
world to get a better picture of their interac- 
tion over time. 

She used fossils and biogeographic 
information to calibrate insect and plant 
molecular clocks and to date this ancient 
interaction. Becerra and her research team 
analyzed DNA base pairs to compare the 
timelines for change in the insect and the 
plant, developing time -scaled reconstruc- 
tions to date the origin of the interaction and 
also of some of the defense innovations in 
the plants, with their corresponding beetle 
counterdefenses. The evolutionary changes 
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coincided, and the interaction began before 
the African and South American continents 
separated. 

As the Blepharida and Bursera species 
diversified, the plant developed the high - 
pressure squirting mechanism and poison- 
ous compounds to repel or disarm the 
beetle's attack strategies. Becerra and her 
team have snapped leaves and measured 
toxin squirts up to two meters long from the 
central vein. The secondary veins can also 
squirt. In some cases the leaf canals don't 
pump the resin under high pressure, but 
rather drench and cover the leaf to protect it. 
Some of the plants that don't spray produce 
chemicals instead that taste bad or poison the 
beetle. Africa and South America were at one 
time part of a supercontinent known as 
Gondwana. When they separated about 100 
million years ago the plant- herbivore 
association survived with similar adapta- 
tions as the species evolved. 

"Our questions are actually more funda- 
mental than studying squirts," Becerra says. 
"It wouldn't matter if the plants squirt or not. 
It's more about what the impacts of insects 
have been on the evolution of plants and the 
effect of plant defenses in the evolution of 
host shifts by insects." In response to the 
insects' feeding, some of the plants have 
completely changed their chemistry. Most 
Bursera produce turpenes (turpentine is a 
relative), but others in the last five to ten 
million years have developed alkenes 
(ethylene is an example), according to 
Becerra. 

It is still unclear how Bursera developed 
the high pressure system. Becerra and her 
group have calculated that some of the 
leaves contain 15 to 25 percent resin by 
weight, compared to the more typical 1 to 5 
percent toxin content in most poisonous 
plants. By examining the leaf canals they 
may find an elastic mechanism where the 
plants accumulate a lot of resin, Becerra 
suggests. 

With each evolutionary change, the insect 
has adapted behaviorally to circumvent the 
flow of poison, figuring out how to disarm 
the plant's squirting mechanism. Yet it's still 
a one -to -one combat between each indi- 
vidual flea beetle and Bursera plant every 
time they meet, and there's just enough 
failure on both sides to keep the association 
going. The insects have indeed adapted to 
stopping the flow of resin by cutting the leaf 
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The 100 species of flowering 
Bursera are found in roughly the 
same geographic range as the 
Blepharida beetle. Although 
some are small plants, most are 
medium -sized trees that have 
colorful trunks -red, green, 
yellow, blue -with bark that 
exfoliates in sheets. They have a 
distinctive canopy. 

canal with tiny bites. They may take an hour 
to do this, and then polish off the leaf itself in 
about 15 minutes. Although they are able to 
eat, this time investment costs them in other 
ways as the beetles and larvae are left 
exposed on the leaf for predators to find. In 
another scenario the small young larvae start 
mining the leaves, trying to eat between the 
veins instead of cutting them, but sometimes 
they goof. 

"Every once in a while you see them 
drowning in the resin, a source of mortality 
for the young stages," Becerra says. "Insects 
breathe through their skin. Their mandibles 
get stuck and they can't breathe or move." 

The effect on humans is less severe, but still 
notable, since the toxin can be absorbed 
through the lungs and skin. Becerra and her 
students usually have pounding headaches 
and nausea after working with the plant's 
odiferous resins in the laboratory, but like the 
chigger bites that once slowed Becerra down, 
the results have been worth it. This research 
currently offers the oldest known example of 
synchronous, reciprocal adaptation between 
an insect predator and plant host. El 

Blepharida larva feeding on Bursera leaf must avoid 
severing veins that release the turpenoid poison. 
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There's just enough failure on 
both sides to keep the 
association going. 

CONTACT 
Judith Becerra 
(520) 621 -9397 
becerra a@ag.arizona.edu 
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Snakes in the Neighborhood 

Effects of urbanization on amphibians and reptiles 

By Joanne Littlefield 

The presence of wildlife is often 
considered one of the benefits 
of desert living. 

Desert dwellers are a curious lot. We 
want sweeping vistas and inspiring 

sunsets. The haunting sound of coyotes 
howling in the distance evokes nostalgia for 
the wild West. But snakes are a different 
story. Most people don't want them 
slithering through their backyards and 
perhaps into their homes. Each year the 
Rural Metro Fire Department is called to 
remove thousands of snakes from 
backyards in the city foothills as the parade 
of new houses marches farther into the 
desert. 

Until a few years ago, if a developer in 
Arizona said "show me the data" about the 
potential impact of development on 
wildlife, there was very little solid research 
to offer. Yet most wildlife biologists agree 
that development is probably the main 
threat to wildlife in the state. 

"When you take a bulldozer and grade 
off a piece of desert, then whatever was 
living there probably isn't going to be there 
anymore," says Matt Goode, a University of 
Arizona herpetologist with the College of 
Agriculture and Life Sciences School of 
Renewable Natural Resources. 

For five years Goode has studied the 
ecology and behavior of the tiger 
rattlesnake in Tucson's Rincon Mountains 

The tiger rattlesnake (Crotalus tigris) 
is found in the Southwest in arid, rocky, 
desert foothills from sea level to 4,800 
feet It feeds on rodents and will eat 
lizards as well. 

around the eastern portion of Saguaro 
National Park. What he and his assistants 
have discovered could help developers as 
they plan for the future. Using radio 
telemetry, which involved placing 
transmitters into the body cavity of the 
snakes, they were able to track the snakes 
as they moved about. 

"The snakes tend to overwinter on steep, 
rocky slopes, and then they go down into 
surrounding washes in the summertime, 
where they forage and mate," Goode says. 
He notes that planners for a local resort 
have placed home sites on the precise area 
that the rattlesnakes use as a major travel 
corridor between the slopes and the wash. 

"I guarantee you they're going to have a 
lot of tiger rattlesnakes crawling through 
the resort after it's built," he predicts. 

Because the tiger rattlesnake is not an 
endangered species, landowners are not 
required to comply with specific 
environmental regulations for it. Goode 
and his colleagues are not actively trying to 
stop developments, but rather are 
investigating how to make them more 
compatible with wildlife species in the 
region, even rattlesnakes. 

"I don't think any of us is going to be 
happy sometime down the road if all we do 
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is populate the desert with people," Goode 
says. The presence of wildlife is often 
considered one of the benefits of desert 
living. 

Studies have shown that when removed 
from a housing development, snakes 
tended to travel to find their way back 
home. Some snakes stopped eating and 
even died. 

"Translocating a snake gets it out of 
people's yards, but will likely have serious 
consequences for the snake," Goode 
explains. "What you get is a snake that 
moves around a lot more than it would have 
in the first place, because it's trying to find its 
way back home. The key is to move the 
snake as short a distance as possible, such as 
just outside your yard. Then it will likely 
move on, but still be within its home range." 

Goode is currently studying the effects of 
urban development on amphibians and 
reptiles in the Tortolita Mountains, near the 
Rancho Vistoso/Stone Canyon development 
just north of Tucson. golf course and 
surrounding landscape are already in place. 
Goode's preliminary findings indicate that 
the golf course environment seems to attract 
snakes and lizards. 

"Because it's supplying water, which is in 
short supply in the desert, the golf course 
and surrounding landscaping are probably 
a boon to most animals," he says. 

By placing radio transmitters in the body cavity of 
the snake, biologists are better able to gather infor- 
mation on feeding and breeding habits over time. 

By obtaining baseline data in places that 
are going to be developed, Goode and his 
research team can make comparisons to 
areas that are not going to remain 
undeveloped. This scientific framework 
should yield some important information on 
how urban developments affect amphibians 
and reptiles over time. 

"Learning what it takes to coexist with 
wildlife is really what we're after, says 

it's to take 
enlightened attitudes on the part of the 
public. After all, the snakes were here first, 
right ?" 

Goode's work is funded by the Arizona 
Game and Fish Department Heritage Urban 
Wildlife Program, which earmarks nearly 
$200,000 annually for projects related to urban 
wildlife conservation and education. in 

THE DESERT SOUTHWEST COOPERATIVE ECOSYSTEM STUDIES UNIT 

The Desert Southwest Cooperative Ecosystem Studies Unit is a consortium of federal agencies, 
universities and non -governmental organizations in the Southwest Desert region (Arizona, California, 
New Mexico, Nevada, and Texas) hosted by the University of Arizona and the School of Renewable 
Natural Resources. 

The partnership addresses research, educational and technical assistance needs for the 
management of federal lands.The objectives of the Desert Southwest Cooperative Ecosystem 
Studies Unit are to: 

Provide research, technical assistance and education to federal land management, environmental 
and research agencies and their potential partners; 

Develop a program of research, technical assistance and education that involves the biological, 
physical, social, and cultural sciences needed to address resources issues and interdisciplinary 
problem -solving at multiple scales and in an ecosystem context at the local, regional, and national 
level: and 

Place special emphasis on the working collaboration among federal agencies and universities and 
their related partner institutions. 

For more information see cals.arizona.edu /srnr /dscesu 

The key is to move the snake as 

short a distance as possible, such 

as just outside your yard. Then 
it will likely move on, but still be 

within its home range. 

CONTACT 
Matt Goode 
(520) 626 -2393 
mgoode@ag.arizona.edu 
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eyond Sunscreen Lotion 

Ultraviolet protection by fabrics 

The idea is to have the fewest 
and smallest holes possible in 

sunburn protective cloth. 
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By Joanne Littlefield 

UV labeling that is easy for the purchaser to 
understand is the goal of research by the American 
Society for Testing and Materials. 

rizonans spend a lot of time in the sun. 
With more than 300 days of sunshine 

per year in the desert, everyone's skin needs 
to be protected from potentially harmful 
ultraviolet (UV) radiation outdoors. Research 
has determined that sun exposure and 
sunburning of skin is linked to skin cancer 
and premature aging of the skin. Sunscreen 
lotions are probably the number one means 
of protection from UV rays, but another 
effective means is to wear clothing that 
covers arms and legs as well as the trunk of 
the body. 

"Simply wearing cover -up garments from 
our closets can reduce the sun's radiation 
dose to our covered skin by at least one- 
fifth," says Kathryn Hatch, professor in 
Agriculture and Biosystems Engineering at 
the University of Arizona. "And often the 
reduction is more than that. Purchasing UV- 
protective garments that are labeled with 
sunburn protection information attached is 
an even better way of protecting skin while 
in the sun." 

As a textile scientist, Hatch collaborates 
with other textile scientists and researchers in 
disciplines such as dermatology and light 
physics who are interested in the use of 
clothing as an effective means for sunburn 
protection. They also work with 

entrepreneurs interested in developing UV- 
protective garments. Her focus is in two 
main areas: developing methods for testing 
fabrics to their UV protection capability, and 
using these methods to study how cotton 
and other fabrics can be altered to enhance 
sunburn protection capability. 

Hatch chairs the International Committee 
on UV Protective Fabrics and Clothing of the 
American Society for Testing and Materials 
(ASTM) and serves on the UV Protection 
and Clothing Technical Committee within 
the International Commission on 
Illumination (CIE). 

As chair of the ASTM committee she 
guided the development of two standard 
documents. One of them makes sure that the 
UPF values marked on sun protective 
clothing tell the purchaser the least amount 
of sunburn protection that will be provided 
during the product's useful life. Committee 
members agreed that fabrics had to be 
laundered repeatedly and subjected to sun 
and chlorine water exposure before they 
could be tested to determine sunburn 
protection capability. They also agreed that 
only when the exposed fabric had a UPF 
(ultraviolet protection factor) value of at least 
15 could it be labeled and sold as sunburn- 
protective. 

"Whenever a health claim is being made, 
the level of protection (the UPF value) 
communicated must be correct," Hatch says, 
"and the conditions under which it applies 
must be communicated." 
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Hatch's research with collaborators at 
Iowa State University and University of 
Nebraska, as well as research of others, 
has found that old cotton shirts, washed 10 
times or more, may offer good sunburn 
protection (UPF 15). 

"It's because detergents contain optical 
brightening agents that deposit on cotton, 
rayon and linen fabrics during fabric 
washing," Hatch says. These agents 
enhance the sunburn protection of these 
materials because they absorb some UV 
radiation. The research team also 
laundered cotton shirts with a laundry 
additive product developed especially to 
enhance sunburn protection capability of 
fabrics. The UPF of the fabrics reached 15 
with one wash. Unfortunately, this 
product is not yet available to the public. 

"Fabric manufacturers are eager to 
engineer fabrics to provide UPF values of 
50 or more" says Hatch. There is common 
agreement that the cloth has to be tightly 
constructed. "Fabric has 
sometimes barely perceptible, pinprick - 
sized holes. If it didn't have any holes, 
then we would collapse from heat 
exhaustion because we wouldn't have any 
evaporative water loss from our skin 
surface to cool us." 

Hatch notes that when UV rays go 
through those miniscule holes there isn't 
anything there to stop them, they just go 
right on through. The idea is to have the 
fewest and smallest holes possible in 
sunburn protective cloth. 

There has been tremendous interest in 
engineering cotton and rayon textiles for 
sunburn protection because these are the 
fabrics people like to wear out in the sun in 
hot weather. Consumers say rayon and 
cotton fabrics breathe. Textile scientists say 
they have good water vapor permeability 
even when tightly constructed. That is 
because water vapor molecules can pass 
through the rayon and cotton fibers as well 
as through the fabric holes, according to 
Hatch. 

"However, cotton and rayon fibers are 
just not good UV filters," she says. "They 
do not absorb enough of the harmful UVB 
and UVA rays to be as protective as they 
should be." 

Fortunately, research has established that 
manufacturers can produce cotton fabrics 
providing UPF values of 15 or greater 
through wise choices of dyes and UV-cutting 
agents, and/or blending of cotton fiber with 
fibers such as polyester that are good UV 
absorbers. 

Work is currently underway to find dyes 
with the best UV-absorbing spectrums and to 
establish the concentrations of those dyes on 
fabric that yield good to excellent sunburn 
protection. Firms specializing in textile 
chemical finishing and those producing UV- 
absorbing compounds for sunscreen lotions 
have developed UV-cutting agents that hold 
fast to cotton and rayon fabrics, Hatch says. 
Garments made from these fabrics are 
available for purchase and come with a UPF 
value indicated on the product label. 

Further, companies have developed UV- 
cutting agents to add to detergents and fabric 
softeners but these products are not yet 
available commercially. 

Some researchers are now looking at 
developing test procedures that will lead to 
labeling fabrics and clothing for people with 
special needs, including people who have 
skin disorders such as xeroderma 
pigmentosum, solar urticaria, and chronic 
actinic dermatitis that are aggravated by sun 
exposure; and people who have developed a 
photosensitivity from applying topical 
medications to the skin or taking certain 
medications. 

New testing procedures are needed 
because the solar radiation that is primarily 
responsible for aggravating these conditions 
is not the same as those causing the skin to 
sunburn. In some cases it is rays in the 
visible portion rather than ultraviolet portion 
of the solar spectrum, that are causing the 
problem, according to Hatch. 

In all cases, each fabric must be tested to 
determine its ability to protect from solar 
radiation, as this cannot be known from 
visual observation nor calculated from 
descriptions of a fabric's composition and 
structure. 

"Look for labels on fabrics and clothing 
that specify the type and degree of protection 
provided," Hatch advises. "Please remember 
that only the skin that is covered with fabric 
is being protected from solar radiation."1121 
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Specialty clothing manufacturers 
have designed shirts, pants, hats and 
even swimwear that offer varying 
degrees of sun protection. Katie 
Littlefield models a nylon blend 
shirt and pants. 

"Please remember that only the 
skin that is covered with fabric 
is being protected from solar 
radiation." 

CONTACT 
Kathryn Hatch 
(.520)621-7134 
khatch@ag.arizona.edu 
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Creating RangeView 

Cooperative research and development 

6/ 10/2003 

Two images from different dates show the 
green -up following monsoon rains. 

THE RANGEVIEW WEBSITE 

rangeview.arizona.edu provides 
applications for viewing, animating and 

analyzing satellite imagery in order to 
monitor vegetation dynamics through 
time and across landscapes. 
RangeView is simple to use and 
valuable for natural resource 
managers, land owners, educators and 

researchers. The site offers a step - 
by -step tutorial for getting started. 

20 

7/8/2003 

It begins with the land: how to live on it, 
preserve it, and understand it. Ranchers 

and other natural resource managers work 
closely with the land every day, observing 
changes in the landscape and deciding how 
to handle them, from grazing cattle to 
monitoring wildlife or assessing fire danger. 

Along with this site -specific approach, 
natural resource managers can also get a 
bird's -eye view of broader terrain by using 
RangeView, a University of Arizona satellite 
image database that shows degrees of 
vegetation greenness. 

"RangeView provides frequent satellite 
images online to enhance the ability of 
natural resource managers, including 
ranchers, to manage the landscape," says 
Chuck Hutchinson, director of the Arizona 
Remote Sensing Center (ARSC) in the Office 
of Arid Lands Studies (OALS), in the 
University of Arizona College of Agriculture 
and Life Sciences. 

Hutchinson, with professor Stuart Marsh 
and assistant specialist Barron Orr, 
researched and developed the website to 
display NASA digital images in 
configurations that allow users to analyze 
the characteristics of the land. Providing 
input were George Ruyle, Larry Howery and 
Paul Krausman, faculty from the School of 
Natural Resources, and Mark Enns, from the 
Department of Animal Sciences. 

By Susan McGinley 

"This tool offers the ability to zoom in on 
your ranch, forest, or habitat, and monitor 
changes in vegetation through time," On 
says. The images have been adapted to 
highlight variation in vegetation greenness. 
The tool allows users to compare vegetation 
greenness between years and to view 
greenness compared to a 14 -year average, 
the previous year, and as it changes every 
two weeks. 

"This kind of satellite data is generally 
called a vegetation index," On says. 
"Though the US Geological Survey has 
been producing the index from NOAA 
[National Oceanic and Atmospheric 
Administration] satellite data since 1989, 
this is the first time it's been made easily 
accessible for the general public. As an 
example, you can check the greenness of 
pastures. For each location or for certain 
dates, you can see if it's greener or less 
green than usual, which may influence a 
management decision." Fire potential, or 
other time dependent applications, can be 
assessed by hitting the "animate" button to 
see two -week variations in vegetation over 
the past year. To orient themselves, viewers 
can view the location of towns, roads, 
allotments and other features. 

The resolution on the satellite images is 
one square kilometer, enough to show 
vegetation color without violating' people's 
privacy. Hutchinson says the capability of 
the site is somewhere between weather 
information that is not very site -specific, 
and field monitoring that is quite site - 
specific. "This is something in the middle 
that can bridge those two scales," he 
suggests. 

RangeView images are available for the 
entire United States, southern Canada and 
northern Mexico. The website is supported 
by NASA's Office of Earth Science with 
funds that are managed by Raytheon. 
Begun in 1999, the site is still being adapted 
and modified to suit its target audiences. 

From the very beginning, the research 
team worked closely with stakeholders to 
develop the site; ranchers and members of 
25 agencies participated in outlining their 
needs. Additionally, the OALS group 
engaged the help of a marketing firm, 
Marketing Intelligence LLC, to help them 
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understand their clients. Run by a former UA 
professor, the firm segmented the audience 
to find out who might be an early adopter. 
This research is helping Hutchinson, Orr 
and Marsh understand what promotes or 
impedes the adoption of technology such as 
RangeView. 

"Natural resource managers, including 
ranchers, rarely use geospatial technology," 
Orr says. "We had to start from scratch." 
Often there are problems with Internet 
connectivity in remote areas; in other cases 
it's just not something natural resource 
managers are used to doing. 

Groups involved from the very beginning 
include the State Cartographer's Office, the 
State Land Department, Arizona Game and 
Fish, and the Hopi Tribe. During the second 
phase of the project the U.S. Forest Service 
joined in, along with the Bureau of Land 
Management and the Natural Resource 
Conservation Service. The third group of 
agencies comprised the Arizona State 
Parks, Arizona Department of 
Transportation, and the Navajo Nation. 

"It's all based on relationships," 
Hutchinson says. The research and 
development is proceeding simultaneously 
with the testing and teaching of RangeView 
out in the community. 

"As soon as we had it close, we made the 
website available online," Marsh says. 
"RangeView became the centerpiece of a 
geospatial Cooperative Extension program 
taught at workshops across Arizona." 
Finding out that the program can zoom in on 
a familiar geographic area often dispels 
qualms users may have about learning a new 
computer application. 

"Our members are so familiar with the 
land. When you get them looking at a view 
of it from space, they forget they're using a 

computer mouse and want to get that 
cursor arrow on their ranch," says Doc 
Lane, director of natural resources for the 
Arizona Cattlemen's Association and 
Arizona Wool Producers Association. 
"You'd be amazed how quickly people 
forget they're using a computer and 
connect directly with their ranch on the 
screen. This is one of the few times I've 
seen that we could really translate up -to- 
the- minute research into our current 
operation." 

Lane is involved in efforts to encourage 
association members to use the RangeView 
technology to solve practical problems, 
although he believes the capability of the 
site is still evolving. "I believe it's a good 
place to start," he says. 

In addition to research and Cooperative 
Extension programs, RangeView is 
supporting graduate and undergraduate 
student research in a diverse set of 
programs, including range sciences, 
wildlife science, the Arid Lands Resource 
Sciences doctoral program, mathematics, 
international studies and geography. 

"Undergraduates get a real research and 
development experience while they're 
going to school," Marsh says. "They are 
face -to -face with the people who benefit, 
which doesn't usually happen." 

In the future, Orr hopes RangeView data 
can be linked directly to ground 
information; Lane agrees. "I'd like to see 
numeric data in the computer program 
connected directly with specific data 
collected on the ground for corresponding 
locations, dates and times," he says. "It 
would give us the opportunity to correlate 
ground -truthing with what we're seeing on 
the satellite. This technology has such huge 
implications for the future." El 

I km resolution 250m resolution 

These January 3, 2003 images show 
snowcover on the University of 
Arizona's V Bar V Ranch in central 
Arizona. 
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WITH RANGEVIEWYOU CAN 

Graph greenness: Select a small area 

on the image and see a graph of the 
values of vegetation greenness in that 
area for the time period selected. 

Add map features: Overlay map 
features onto the satellite images, such 

as roads, cities, county boundaries and 

contour lines. 

Zoom in: Use the overlaid map fea- 

tures to locate your area of interest 
and then enlarge for a more detailed 
view of that image. 

Select a time period: Select a time 
frame for viewing the images. Current 
images are updated regularly,and some 
are available from 1989 to present. 

Choose a data set: Select imagery 
from several satellite sensors based on 
your individual preferences, image 
resolution, range of historical data, and 

number of vegetation measurements. 

Compare images:View several map 
windows at once to compare vegeta- 
tion greenness at different times or 
with different vegetation greennness 
measurements. 

Graph rainfall: Select rain gauges in 

your area of interest, and see a graph 
of precipitation alongside the images 

for the time period selected. 

Animate images: RangeView will 
generate an animation of the custom- 
ized images based on the time period 
you selected. 

CONTACT 
Chuck Hutchinson 
(520) 626 -8568 
chuck @ag.arizona.edu 

Stuart Marsh 
(520) 626 -8574 
smarsh©ag.arizona.edu 

Barron Orr 
(520) 626 -8063 
barron @ag. arizona. edu 
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Bios olids 

THE WATER QUALITY CENTER 

The University of Arizona, National 
Science Foundation Water Quality 
Center investigates physical, chemical 

and microbial processes that affect 

the quality of surface and subsurface 
waters including potable supplies. 

Housed in the UA College of 
Agriculture and Life Sciences 
Environmental Research Laboratory 
in Tucson, the Center includes an 

interdisciplinary group of biologists, 

chemists,physicists, hydrologists, and 

engineers who work together to 
resolve water quality problems. 
Undergraduate and graduate 
students also participate in 

conducting research and publishing 

and presenting papers. 

Funding for the Center is supplied 

by companies and agencies 
interested in specific water quality 

issues, and by the National Science 

Foundation. 

Research focal areas include water 
security; the fate and remediation of 
commercial and industrial 
contamination; agrochemical 
products and practices that influence 

water quality; municipal waste 
treatment and reuse; mining; and 

potable water quality. 
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For more information see 

wqc.arizona.edu. 

Safe for Land Application 

Study shows absence of pathogens 

Air samplers at work in a field 
near Leesburg Virginia. 

By Susan McGinley 

El or at least two decades, wastewater 
treatment plants have produced Class A 

and B biosolids, the organic residues that 
result from specific treatment of sewage. 

Biosolids are frequently used for land 
application on cropland, pastures or 
timberland, where they decompose while 
furnishing nitrogen, phosphorus and 
potash to growing plants. This method 
offers a more ecologically sound and 
practical alternative to domestic waste 
disposal than landfills or incineration, 
where water or air pollution may result. 

Over the past two years questions have 
arisen over whether Staphylococcus aureus, a 
human disease pathogen present in raw 
sewage, remains in treated biosolids and 
potentially causes illness following its 
application to soil. A medically important 
pathogen, S. aureus causes a wide variety of 
human skin and wound infections, food 
poisoning, septicemia, toxic shock syn- 
drome, pneumonia, meningitis, and other 
infections. 

In a recent study, scientists at the Univer- 
sity of Arizona have produced evidence 
that S. aureus is not present in biosolids. 
Their report appears in the journal Environ- 
mental Science and Technology. 

Chemically and biologically different 
from raw sewage, biosolids must meet Part 
503 of the federal EPA standards regarding 
pathogen and heavy metal content, han- 
dling and application precautions, and 
other regulations. 

"Sixty percent of all biosolids are land - 
applied in the United States, but this 
amount covers less than 0.1 percent of 
agricultural land," says Ian Pepper, a 
professor in the UA Department of Soil and 
Water Science and director of the UA 
National Science Foundation Water Quality 
Center (WQC) (see sidebar). 

This center has gained national recogni- 
tion, and WQC studies on land application of 
biosolids are being utilized by EPA as a 
response to a 2002 National Academy 
Science Report on land application. 

In July 2002, after an 18 -month study, the 
National Academy of Sciences (NAS) issued 
a report stating there is "no documented, 
scientific evidence that the part 503 rule has 
failed to protect public health regarding land 
application of biosolids." At the same time, 
the Academy noted that "additional scientific 
work is needed to reduce persistent uncer- 
tainty about the potential for adverse health 
effects from exposure to biosolids." 

Since no scientific data were available to 
document whether biosolids specifically 
contain S. aureus, Pepper and colleagues 
Patricia Rusin, Sheri Maxwell, John Brooks 
and Charles Gerba conducted biosolid and 
bioaerosol studies on samples from 15 
different sites across the United States. 

"As the saying goes, 'Absence of evidence 
isn't evidence of absence, "' Pepper says. 
"Our study focused on finding the scientific 
evidence regarding the presence or absence 
of S. aureus in biosolids and bioaerosols." 
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The sampling sites ranged from the East 
coast to the Southwest, and all were full - 
scale treatment plants; no pilot plants were 
included in the study. The researchers took 
samples of raw sewage and untreated 
primary sewage sludge in sterile bottles and 
transported them on ice to their laboratory. 
Biosolid samples were collected in sterile 
containers at the production site and likewise 
transported overnight to the laboratory on 
ice. Each sample was assayed for S. aureus 
the day it was received. 

Pepper and the team collected the 
bioaerosol samples from four different sites 
in the Southwestern United States using 
commercial land applicators. 

"We evaluated the potential for bioaerosols 
from biosolids with a higher solids content 
using applicators called 'slingers,' which 
literally sling biosolids 80 to 100 feet through 
the air," Pepper says. 

"For liquid biosolids (lower solids content) 
the material was sprayed from a tanker. In 
either case we had aerosol samplers hooked 
up to pumps so that known volumes of air 
were sucked into a collection fluid, which is 
later analyzed using cultural assays." 

The scientists analyzed all bioaerosol 
samples for S. aureus within 24 hours of 
collection. 

In all, the team analyzed three raw 
untreated sewage samples and two undi- 
gested primary sewage sludge samples, 23 
different biosolid samples, and 27 aerosols 
obtained during biosolid land application 
(biosolid aerosols). 

"We detected S. aureus in samples of raw 
sewage and undigested primary sewage 
sludge," the scientists state in their report. 
"However, we did not detect S. aureus in 
Class A or Class B biosolids after aerobic or 
anaerobic digestion, lime stabilization, heat - 
dry pelleting, and/ or composting." These 
are conventional methods that treatment 
plants use to remove disease -causing 
organisms from raw sewage. 

"You can find S. aureus in sewage and you 
should be able to because one in three people 
have it in their systems," Pepper says. "Yet it 
should be noted that none of the biosolid or 
biosolid aerosol samples in our study were 
positive for S. aureus. The most likely 
explanation is that wastewater treatment 
kills S. aureus along with other pathogenic 
microbes." 

Pepper notes that allegations regarding the 
safety of biosolids are often not based on 
good science. 

"Overall we need more scientific studies to 
resolve potential issues of concern," Pepper 
says. "Our study was science -based and 
indicates that biosolids are an unlikely 
source of S. aureus." 

Spray tanker spreads biosolids on 
farm field in Marana, Arizona. 
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An applicator called a "Slinger" catapults 
biosolids into the air as part of study in 
Mojave, Arizona. 

"Our study focused on 
finding the scientific evidence 
regarding the presence or 
absence of S. aureus in 

biosolids and bioaerosols." 

CONTACT 
Ian Pepper 
(520) 626 -3328 
ipepper @ag.arizona.edu 
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elaying Pink Bollworm Resistance 

Cooperative studies and strategies protect Arizona cotton 

Pink bolhvorm damage on non -Bt cotton in Parker, Arizona 

THE EXTENSION 
ARTHROPOD RESISTANCE 

MANAGEMENT 
LABORATORY (EARML) 

Now in its ninth year,this laboratory 
serves as a central Cooperative 
Extension facility devoted to long- 

term development and maintenance 
of insect resistance management 
programs. It was established with 
support from the University of 
Arizona, and with funding from the 
USDA -ARS Western Cotton 
Research Laboratory, Cotton 
Incorporated, and the Arizona 
Cotton Growers Association. 

To prevent insects from building up 

resistance to both natural and 

chemical pesticides, the laboratory 
conducts extensive collaborative 
field research and a comprehensive 
insect monitoring program. EARML's 

mission is to collect, validate and 

disseminate information that will 
allow agricultural and urban pest 
managers in Arizona to combat the 
development of resistance to 
pesticides in arthropods. 

For more information about 
EARML, contact Tim Dennehy at 

tdennehy @ag.arizona.edu 
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Close -up of cotton 
boll infected with pink 
bollworm 

Pink 
bollworm (Pectinophora gossypiella) 

plagued Arizona cotton crops until 1996 
when Bt cotton was introduced. Containing 
a natural insecticide from the bacterium 
Bacillus thuringiensis, the transgenic crop 
preserves yields and protects farmworkers 
and the environment by reducing insecticide 
applications. Before Bt cotton, as many as 8 
to 12 sprays per season were used against 
cotton pests in Arizona, but now sprays are 
at historic lows, with the statewide average 
less than three per season. More than half of 
Arizona's cotton acreage is planted with Bt 
cotton. Growers adopting Bt cotton have 
gained an average of $15,000 per farm each 
season. 

This success will continue only as long as 
pink bollworm does not evolve resistance to 
Bt cotton, as it has previously to conventional 
insecticides. Each year tens of millions of 
acres of Bt cotton and Bt corn are planted 
worldwide -mainly in the United States and 
China. Yet no pest resistance to Bt crops in 
the field has been documented so far. Many 
people expected rapid pest resistance to Bt 
crops because the diamondback moth 
evolved field resistance to sprays of Bt and 
many pests evolved Bt resistance in the lab. 

"Instead, we have evidence that pink 
bollworm resistance to Bt cotton in Arizona 
remains rare, as does pest resistance to Bt 
crops worldwide, "says Bruce Tabashnik, 
head of the University of Arizona's 
Department of Entomology. For the past 
seven years a multi- agency collaboration 
among university scientists, commercial 
cotton growers and government agency 
personnel in Arizona has focused on research 

By Susan McGinley 

and education to delay or prevent the 
evolution of resistance to Bt cotton in the 
pink bollworm. Major collaborators in the Bt 
cotton program include the Arizona Cotton 
Growers Association, the Arizona Cotton 
Research and Protection Council, Cotton 
Incorporated, and the USDA -ARS Western 
Cotton Research Laboratory. 

In the UA College of Agriculture and Life 
Sciences, Tabashnik, Yves Carrière, Tim 
Dennehy and other researchers are studying 
the interaction between Bt cotton and insects. 
Their research is determining the 
effectiveness of Bt cotton, characterizing the 
genetic basis for pink bollworm's potential 
resistance, investigating factors that affect 
resistance evolution, and assessing the 
impact of Bt cotton on non -target organisms. 

The program includes yearly monitoring 
of resistance and Bt performance in all of 
Arizona's cotton growing regions, coupled 
with a comprehensive grower education 
program conducted through Cooperative 
Extension. Crop monitoring, planting of non- 
Bt cotton refuges, timing of planting and 
other measures are part of the scheme. 

"Arizona is a model for studying insect 
responses to genetically engineered crops. 
Because transgenic crops are so 
controversial, the whole world is watching to 
see what happens here," Tabashnik says. 
"We're helping to provide some pieces of the 
puzzle." 

The Arizona team conducted a 10 -year 
analysis in 15 cotton -growing regions 
statewide that showed Bt cotton suppressed 
pink bollworm independent of weather and 
variation among regions. Pink bollworm 
populations declined significantly in regions 
where Bt cotton was abundant. In addition, 
field data collected by the Arizona Cotton 
Research and Protection Council showed 
that excellent performance of Bt cotton 
continued throughout Arizona in the 2002 
season. 

A key factor delaying pink bollworm 
resistance has been the systematic planting 
of non -Bt cotton refuges near or in Bt cotton 
fields. Pests that would die eating transgenic 
cotton can survive on the non- transgenic 
refuge plants. Ideally, rare resistant moths 
that emerge from Bt cotton mate with more 
common susceptible moths from non -Bt 
cotton refuges. Studies with lab -selected 
resistant strains show that the hybrid 
offspring produced by such matings are 
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killed by Bt cotton. Thus, in theory, the 
refuge strategy should greatly slow 
resistance. 

"We're using global positioning systems 
(GPS), geographic information systems (GIS) 
tools, and innovative statistics to test the 
refuge strategy," Carrière says. He and his 
team members are working with grower 
collaborators in every cotton producing 
region of the state to map all Bt and non -Bt 
cotton fields, and to track bollworm 
population density. 

"We found that if you plant more than a 
certain amount of Bt cotton in a region, the 
pink bollworm population starts to decline," 
Carrière says. "This strongly suggests that 
you can transform a region that has high 
infestations to one that has low infestations." 
The information also makes it possible to 
track compliance with EPA regulations for 
growing refuges. 

"This lets us know if our extension efforts 
are effective," Tabashnik says. 

Along with field studies, Tabashnik, 
Dennehy and Carrière are conducting 
laboratory and greenhouse investigations to 
find out exactly how pink bollworms 
become resistant. They have found strains of 
pink bollworm that survive on artificial diets 
containing high doses of the Bt toxin and on 
Bt cotton. DNA analyses have revealed 
mutations in a gene encoding a cell adhesion 
protein (called cadherin) that confer 
resistance to Bt toxin. These mutations 
remain rare in pink bollworm in cotton 
fields, but identifying them assists 
prevention efforts. 

"By screening pink bollworm DNA for 
mutations that confer resistance to Bt cotton, 
we have the potential to develop monitoring 
tools that are up to 5,000 times more 
sensitive than traditional methods," 
Tabashnik says. He observes that in most 
cases, the inheritance of resistance to Bt crops 
is recessive, meaning that the insect would 
survive after eating Bt cotton only if it 
received the resistant gene from both of its 
parents. And the resistant genes carry a cost. 
Compared to ordinary bollworms, the 
resistant individuals actually are less fit in 
the absence of Bt cotton. They have lower 
survival when feeding on non -Bt cotton and 
during the overwintering period. 

The effective collaboration among Arizona 
scientists has attracted national and 
international notice. Scientists and regulators 

Cotton field west of Phoenix is planted with Bt cotton in the foreground. Non -Bt 
cotton refuge in the background shows ravages of pink bollworm. 

from the EPA, Africa, South America and 
Europe have consulted with UA scientists to 
help decide how to best use Bt crops. 

"We're managing Bt cotton, but a lot of 
research we're doing is useful to other 
organizations," Carrière says. In fact, 
research data presented by UA 
entomologists have been used by the EPA to 
change its guidelines for the use of Bt cotton 
in Arizona. 

"There has been an unprecedented 
integrated pest management and education 
effort to sustain this technology," Dennehy 
says. "We have cutting -edge genetics and 
ecology that fit hand -in -glove with the 
growers' needs and inputs. Half of what we 
do would not get done without our 
interaction with growers; similarly critical 
has been the leadership provided by the UA 
Cotton IPM Team leader, Peter Ellsworth." 

Down the line, Tabashnik, Carrière and 
Dennehy would like to be able to predict the 
evolution of resistance, as well as regional 
and temporal variation in pink bollworm 
population densities. This has not been done 
before, but it would show if the refuge 
strategy worked on a large scale. Coupled 
with this, Dennehy suggests a proactive 
resistance management strategy that would 
use the DNA -based resistance detection 
statewide. 

"Our multi- agency collaboration has the 
potential to deliver the world's first highly 
sensitive method of detecting pest 
resistance to a Bt crop," he says. "Our 
results show that Bt continues to be 
astoundingly effective in suppressing the 
most serious pest of cotton in the 
Southwest. This is the greatest 
technological change in entomology since 
the advent of conventional insecticides after 
World War II. "C 
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"This is the greatest technological 

change in entomology since the 

advent of conventional insecticides 

after World War I I " 

CONTACT 

Yves Carrière 
(520) 626 -8329 
ycarrier @ag.arizona.edu 

Tim Dennehy 
(520) 621 -7124 
tdennehy@ag.arizona.edu 

Bruce Tabashnik 
(520)621-1151 
brucet©ag.arizona.edu 

For more information on Bt cotton 
in Arizona see 

ag. arizon a. eduicropsicottonibti 
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easuring Perchlorate Levels in Lettuce 

Preliminary study analyzes factors affecting uptake 

Lettuce samples are freeze -dried to prepare them for perchlorate analysis. 

CONTACT 
Charles Sanchez 
(928) 782 -3836 
sanchez @ag.arizona.edu 
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Aleak from a rocket fuel plant into 
the groundwater near Henderson, 

Nevada has led to perchlorate contamina- 
tion in the lower Colorado River. As the river 
moves from Nevada to Mexico the water is 
redirected for urban, industrial and agricul- 
tural use. Colorado River water is used for 
both drinking and irrigation throughout the 
region. 

A concern that perchlorate would make its 
way into the human food chain through 
vegetables such as broccoli, cauliflower and 
lettuce has been the stimulus for research by 
University of Arizona research scientist 
Charles Sanchez, director of the College of 
Agriculture and Life Sciences Yuma Agricul- 
tural Center. 

Perchlorate is one of the main ingredients 
of solid rocket propellant. Improper disposal 
of perchlorate- containing chemicals may 
result in contaminated soil and water. 
Because it can affect humans by inhibiting 
the thyroid's uptake of iodine, Sanchez has 
been evaluating the extent to which perchlo- 
rate is found in desert food crops irrigated 
with Colorado River water. Perchlorate 
levels in water have been as high as 14 parts 
per billion, detected at Lake Mead. 

"What I measure in water at the Imperial 
diversion dam near Yuma ranges from 2 to 7 
parts per billion," Sanchez says. The lower 
concentrations may be due to biological 
factors, such as uptake by aquatic and 
riparian plant species along the river, and 
perhaps microbial reduction. It appears that 
microbial organisms capable of reducing 
perchlorate to chloride are fairly widespread; 
however, conditions that favor this reaction 
rarely exist in nature. 

By Joanne Littlefield 

A preliminary survey conducted in 2002- 
2003 generally found perchlorate concentra- 
tions near or below detection for most 
vegetable crop species sampled, including 
most vegetables eaten as roots and fruits. 
The exception was leafy vegetables such as 
lettuce, where the foliage is consumed. 
However, for iceberg lettuce most of the 
perchlorate was in the frame and wrapper 
leaves, which are discarded, and not the 
head, which is consumed. 

Sanchez hopes to expand this preliminary 
survey into a more comprehensive, statisti- 
cally rigorous, geo- referenced study across a 
wider range of leafy vegetables over the next 
couple of seasons. Initial funding came from 
the Arizona Iceberg Lettuce Research 
Council and a cooperative agreement with 
the USDA -ARS (Agricultural Research 
Service). 

Sanchez is continuing his work funded by 
the Arizona Iceberg Lettuce Research 
Council during 2003 -2004 by looking at 
some of the factors affecting uptake of 
perchlorate by plants. There is considerable 
variation in the perchlorate accumulation 
within lettuce despite the fact it all is 
irrigated with the same water. 

"Perhaps fertilization practices, water 
management practices, or genetic variation 
are important," Sanchez says. "We are also 
concerned with potential sources of perchlor- 
ate in addition to irrigation water." Sanchez 
notes recent EPA and USGS studies have 
identified certain fertilizers and agricultural 
amendments as sources of perchlorate. 

Other important research issues Sanchez 
plans to pursue include evaluation of the 
extent to which perchlorate has accumu- 
lated in soils and to what extent it has 
tainted local groundwater sources. He has 
recently teamed up with a toxicologist 
from the University of California at 
Riverside where this data will be used for 
preliminary exposure and risk assessment 
research. 

The debate over the suitable standard of 
perchlorate in water and how much is safe 
for human consumption has been turned 
over to the National Academy of Sciences, 
Sanchez says. 

"With conclusions possibly by mid -2004, 
the Food and Drug Administration (FDA) 
can develop recommendations based on how 
much salad people consume daily, and what 
the relative source contribution is from water 
that's tainted with perchlorate, and from 
food that's tainted with perchlorate." 

The University of Arizona College of Agriculture and Life Sciences 



ARIZONA AGRICULTURAL EXPERIMENT STATION 

Sponsored 
$39.60 million (63.2 %) 

Federal 
Appropriated 

$2. I0 million (3.3 %) 

Federal 
Government 

$33.10 million (83.5 %) 

State 
$2 I million (33.S %) 

Industry 
million (4.0 %) 

Counties /Cities 
$0.64 million (1.6 %) 

State 
$2.61 million (6.6 %) 

Foundation/ 
Educational Institutions 

$0.64million (I.6 %) 

Miscellaneous 
$1.07 million (2.7 %) 
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TOTAL RESEARCH FUNDING 
Fiscal Year 2002 -2003 

($62.7 million) 

SPONSORED SOURCES 
Fiscal Year 2002 -2003 

($39.65 million) 
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OF THE YEAR 

AWARD 
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2003 
O LITSTANDING 
TEAM AWARD 

COLLEGE OF AGRICULT IIKE AND LIFE SCIENCES 

LESLIE GUNATILAKA, Professor, Office of Arid Lands Studies 
Director, Southwest Center for Natural Products Research and Commercialization 
(Natural Products Center) 

Leslie Gunatilaka joined the University of Arizona in 1997. Acting as principal 
investigator, he has attracted over $3 million in grants and contracts, and over $1 million 
as a co- principal investigator. He has invested more than $500,000 of his grant /contact 
funds to purchase equipment and improve the research infrastructure of the Natural 
Products Center. 

Gunatilaka has written 146 peer- reviewed publications and has authored and co- 
authored more than 115 research communications, contributed seven book chapters and 
is an author of four patent applications. The common theme, "search for anticancer drugs 
from Sonoran desert organisms" is prominent throughout Gunatilaka's research projects. 
He has trained 23 graduate students, 11 postdocs and numerous undergraduates as part 
of his commitment to excellence in education during his academic career. 

Gunatilaka is currently a member of the Editorial Advisory Board of the international 
journal Natural Products Letters, and serves as a manuscript and a book reviewer for 
nine other international journals. He has delivered more than 65 invited lectures and 
research seminars in the USA and abroad. 

In 1985, during his tenure as professor of organic chemistry and head of the department 
of chemistry, he won the Sri Lankan Presidential Award for "developing a center of 
academic excellence in natural products chemistry" at the University of Peradeniya, Sri 
Lanka. He was elected in 1997 as a Fellow of the Third World Academy of Sciences 
(Italy) in recognition of his outstanding contributions to science and its development of 
the Third World. In 1998 he was elected a member of the Arizona Cancer Center in 
recognition of his work on anticancer drug discovery, and in 2000 he received the 
CaPCURE award for his "dedication to ending prostate cancer as a risk for all men and 
their families." 

ANIMAL SCIENCES EQUINE PROGRAM 

Mark Arns, Bill Schurg, Wendy Davis, Mary Ann Harris, Susan Rose and 
Laura Walker 

This team has successfully increased the number of animal sciences majors to a 30- 
year high of 146 students this year. The University of Arizona has created an active 
thoroughbred breeding program consisting of quality stallions for use by our program 
and clients throughout the state. The breeding of UA mares provides an opportunity to 
generate revenue to maintain the Equine Center and the foals are used in several academic 
courses. The UA Equine Sciences Program is known as a leader in the thoroughbred 
breeding program in Arizona. This team was formed three years ago and since then the 
Equine Center has been transformed from a "solely operational facility" needing financial 
assistance from the College to remain in business, to a self- sufficient operation unit and 
the center of the equine science teaching program. The outreach efforts have led to 
initiation of educational programs for Arizona horse owners. Due to the increase in faculty 
and staff, and their diverse backgrounds, Arizona horse owners have been able to 
capitalize on a number of new educational opportunities. 
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RESEARCH AWARDS 2002 -2003 

2003 RESEARCH CAREER DEVELOPMENT AWARD 

This is a new award established to provide special support for research by faculty who 
have assumed an unusually heavy teaching, advising, extension and / or service load 
during the past two to three years. In 2003 two Research Career Development Awards 
were presented. 

MARY ANN EASTLICK, Chair, Division of Retailing and Consumer Sciences, 

School of Family and Consumer Sciences 

Since joining the Retailing and Consumer Sciences Division (RCSC) in 1992, Mary 
Ann Eastlick has been a pioneer in developing many new academic offerings, ranging 
from undergraduate and graduate programs to a research program. Over the past 10 
years this program has experienced a phenomenal growth. During Eastlick's tenure the 
RCSC undergraduate enrollment has nearly quadrupled. Without her initial and ongo- 
ing involvement and dedication this success would not have been possible. Eastlick has 
advised hundreds of undergraduate students and has served as graduate coordinator. 
Most recently, Eastlick was appointed chair of the division. 

MARK AR, Associate Specialist, Department of Animal Sciences 
Mark Arns joined the Department of Animal Sciences in 2000 and has spent the last 

three years developing and teaching four new three -credit course in Equine Sciences 
while at the same time developing three additional new courses. Largely through his 
efforts, enrollment in this program has doubled since his arrival. He also advises 
undergraduate and graduate students and serves as the faculty advisor for the 
Horseman's Association. Arns has made major contributions in extension outreach with 
four new programs: 1) UA Horse Conference, 2) UA Reproductive Management Schools, 
3) UA Equine Nutritional Management Workshops and 4) UA Youth Horse Judging 
Workshop. He is in the process of completing several CD -ROM programs for distribution 
to county offices. 

CALS NEWSLINE 

The College of Agriculture and Life Sciences sends out a monthly electronic newsletter 
called CALS NewsLine to interested subscribers. Each issue contains a short collection 
of CALS highlights: new programs, recent research breakthroughs, fact sheets, and 
upcoming events. Along with each description there is a link to a website address for 
locating more information. To view sample back issues and to subscribe to NewsLine, 
see cals.arizona.edu/pubs /newsline /. 
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