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A letter from the Director 

Dear Readers, 

Once again a wide cross -section of our College of Agriculture and Life Sciences research activities 
has been highlighted in this year's report. Regardless of whether you have an interest in plant, animal 
or human health and well- being, natural resources, plant production, animal production, or even the 
social sciences, you will find an article of interest. 

We continue to be very involved in the development of new technologies while at the same 
time maintaining a strong program in the applied sciences. In fact, a recent study of our research 
expenditures revealed that approximately 21 percent of our resources are spent on studies involving 
fundamental scientific discovery, 42 percent on studies of applied science and the remaining 37 percent 
on projects that integrate both the fundamental and applied aspects. We believe this represents a well - 
balanced portfolio. 

We are particularly pleased to showcase the new USDA Arid Lands Research Center that is located 
at our Maricopa Agricultural Center. This represents the next step in a long -term collaboration between 
the University and the Agricultural Research Service and is a significant step forward in our ability to 
work together on problems of importance to our clientele. 

Finally, I wish to thank our very competent production staff who always produce an excellent 
publication, and the faculty and staff who generated the information reported in this issue. 

As always, feel free to contact my office if you have questions or need additional information. 

Enjoy, 

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



THE UNIVERSITY OF ARJZONA® 

College of Agriculture and Life Sciences g 

2005 ARIZONA AGRICULTURAL EXPERIMENT STATION RESEARCH REPORT 

The University of Arizona 
College of Agriculture and Life Sciences 

Vice Provost and Dean 
Eugene G. Sander 

Vice Dean 
Director, Agricultural Experiment Station 
Colin Kaltenbach 

Associate Dean 
Director of Cooperative Extension 
Jim Christenson 

Associate Dean 
Director of Academic Programs 
David Cox 

The Col legeofAgriculture and Life Sciences includes 
the John and Doris Norton School of Family and 
Consumer Sciences, the School of Natural Resources, 
the Office of Arid Lands Studies, the Agricultural 
Experiment Station, Cooperative Extension, and the 
Office of Academic Programs. 

The College is an Equal Opportunity Affirmative 
Action employer. 

Arizona Agricultural Experiment Station 
Research Report 
Produced by 
Educational Communications and 
Technologies 

Editor 
Susan McGinley 

Managing Editor 
Robert Caster 

Photo Editor 
Joanne Littlefield 

Writers 
Susan McGinley, Joanne Littlefield, Jeff Harrison, 
Mari N. Jensen and Daniel Stolte 

Graphic Designer 
Maria -del- Carmen Aranguren 

Director, Publication and Web 
Robert Caster 

Director, ECAT 

David Cox 

The Arizona Agricultural Experiment Station 
Research Report is a publication of the University 
of Arizona College of Agriculture and Life 
Sciences. Information in this report becomes 
public property upon publication and may be 

reprinted, provided no commercial endorsement 
is implied. Please credit authors, photographers, 
the publication and The University of Arizona. 
Any products, services or organizations 
mentioned, shown or indirectly implied in this 
publication do not imply endorsement by the 
University. 

Western Flower Thrips on Salad Vegetables 2 

Fighting insect pests in southwestern Arizona 

Revelations of Rice 4 

Decoding the rice genome 

Mine Tailings and Saltbush 6 
Revegetating the dusty leftovers from Arizona's storied mining past 

Minding Our A's, B's and Q's: Tracking Whitefly Biotypes 8 

Emergent Q type already in Arizona 

Determining Bull Fertility 11 

A faster test 

Trace Minerals for Cattle 12 
Supplement boosts selenium, copper and zinc 

Better Parasitic Wasps for Biological Control 14 
Bacterial symbionts make a difference 

Alternaria, Allergies and Asthma 16 
Exploring a local fungus that can trigger attacks 

It Takes a Village to Test Your Water 18 
A new EPA Homeland Security Center 

Heat Shock Proteins 20 
Developing a tool to fight human and animal disease 

Boosting Lycopene in the Diet 22 

The tomato consumption study 

Safer Relationships for Teens 24 
Program builds self- confidence 

Improving Western Vegetable Quality 26 
Vegetable production, harvest, handling and fresh -cut processing 

Massive Pinyon Pine Die -off 28 
Underlying cause revealed 

The Arid Lands Research Center 30 
A new U.S. Agricultural Research Service facility for the Southwest 

Red Rock Agricultural Center 31 
Sited on more than 4,600 acres in Pinal County 

CALS 2004 -2005 Research Awards 32 

January 2006 

Cover photos by Craig D. Allen, Judy Brown, Chieri Kubota, 
Raina Maier, John Palumbo, Jim Sprinkle 



Western Flower Thrips on Salad Vegetables 
Fighting insect pests in southwestern Arizona 

Scarring damage on untreated romaine hearts by Western 
flower thrips 

Western flower thrips (Frankliniella 
occidentails) found on a lettuce plant 

Entomologist John Palumbo is serious about the bugs he studies because he 
knows that if they had their way, these tiny insects could suck the life out 
of the Arizona lettuce industry. The value of the Western head lettuce crop 

in 2004 was close to $372 million, according to the Arizona Agricultural Statistics 
Bulletin. The potential to lose even three percent of the crop to insects adds up. 

"We have essentially year -round vegetable production with ideal weather 
conditions," says Palumbo, "not only for growing the crop but also for insects." In 
cooler weather growers in the Yuma area are raising all types of lettuces, both for 
the fresh market and for processing in packaged salad mixes, as well as a number of 
cole crops such as broccoli, cauliflower and cabbage. Specialty European mix salads 
can include spinach and a variety of baby leaf lettuces and cabbages. Warm weather 
crops include a variety of melons. 

The biggest concern this year in Yuma lettuce fields continues to be the Western 
flower thrips (WFT), Frankliniella occidentalis. Palumbo, a University of Arizona 
research scientist with the College of Agriculture and Life Sciences based at the 
Yuma Agricultural Center, has been studying the ecology of the WFT for the past 
five years. His research has revealed that it can not only live out its entire life cycle 
in one field, it can also reproduce there before moving off to another crop. 

"It's a ubiquitous pest," he says. "We find these thrips on just about everything 
that's grown." Adults, less than one -twentieth of an inch (the size of a pencil tip), 
can live 30 -45 days and produce between 150 and 300 eggs that develop from birth 
to adult in seven to 13 days. "It used to be we thought that it was a function of 
'okay, when they move in, we'll just knock 'em down and that will be the end of 
it, "' says Palumbo. "Now we know that not only do they move from crops such as 
alfalfa, and weeds, but they will also build up on the lettuce." 
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By Joanne Littlefield 

Planting date studies -where 
lettuce crops are staggered to span an 
entire growing season -have shown 
that WFT are more abundant when 
temperatures are between 70 and 75 
degrees. By February they can increase 
to very large numbers, Palumbo notes, 
"getting inside of the cap leaves of head 
lettuce or infesting whole plants as 
they are being harvested." Thrips scar 
leaves. 

Along with increased consumer 
demand for packaged salad and 
specialty mixes comes an increase 
for demand in high quality. Cosmetic 
injury from scarring can lead to 
economic losses for a grower because 
it makes the product less appealing to 
the consumer. Scarring can also affect 
lettuce shelf life and tends to discolor 
the leaf tissue of the marketable 
product. 

One way to get a better 
understanding of the biology of thrips 
on lettuce is to determine action 
thresholds: the point where an insect 
population has increased enough 
to warrant action before the crop is 
economically damaged. This allows 
a grower to determine the precise 
timing and strength of insecticide 
sprays required to keep the pest in 
check. Palumbo notes that produce 
growers don't have a wide range or a 
large number of effective chemical or 
cultural management tools with which 
to manage thrips. 

"Growers can sometimes spend a 
lot of money trying to control thrips 
because they are so abundant," 
Palumbo says. There are only one or 
two insecticide products that work 
effectively on WFT. 

Western flower thrips are not 
the only insects that favor lettuce. 
Depending on the time of year, up to 
fourteen different pests, including three 
distinct species of aphids, can cause 
problems that may force the grower 
to abandon a harvest. In 1999, as they 
watched problems with the lettuce 
aphid develop in Salinas, California 
(where the nation's summer lettuce 
crop is grown), Palumbo and his 
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research team tried to get a jump ahead of the pest, which showed up in Yuma in 
2001. They organized some trials at the Yuma Agricultural Center looking at six 
different planting dates beginning in early October. The planting date studies were 
designed to study aphid biology and ecology and to identify which planting dates 
(October through December) were at greatest risk from lettuce aphid infestation. 

Palumbo's other research interests include whitefly and aphid control, and 
the use of older chemicals and newer insecticide chemistries. Entomologists are 
constantly on the lookout for newer products, particularly those that are in the 
reduced -risk category. New insecticides are being investigated in part because of 
pressure from the Environmental Protection Agency, and also because these new 
products are very specific in how and when they affect insects. They also have 
lower toxic impact on mammals, birds and wildlife than older broad -spectrum 
insecticides. 

"This becomes very important when you have produce fields that butt up against 
schools, churches and housing developments," Palumbo says. "Growers can feel 
assured that these products are going to be safe not only to the people who work in 
the fields but also to the people living in the surrounding areas." 

Reduced -risk pesticides have not totally replaced older products, such as the 
organophosphate and carbamate insecticides that were developed in the 50s and 
60s. These older sprays are not as specific and will kill a wide range of insects, 
including those that are actually beneficial in attacking other insect pests. They also 
last a longer time in the soil. Some of them are toxic to birds, others are toxic to fish, 
and they can be very acutely toxic to mammals if used improperly. 

"What's happened over the last 10 -15 years is the agri- chemical industry and 
university scientists have developed new classes of insecticide chemistry," Palumbo 
says. "These newer compounds are very short -lived in the environment; they break 
down very quickly after they are applied to the plant, leaving little or no residue in 
the soil. They're environmentally friendly in the respect that they have little or no 
effect on birds, wildlife, fish, and certainly not on the consumer." 

A 2001 /2002 season survey (based on responses from pest control advisors), that 
represented approximately 24 percent of the total acres planted, showed that in 
fall lettuce crops, 44 percent of the acres had Western flower thrips present; in the 
spring the number skyrocketed to 100 percent. Palumbo advises that the $27 per 
acre cost for each insecticide application (three are required in the fall and four in 
the spring to knock back the WFT) is an input that's essential if Yuma growers want 
to have a marketable crop. .* .s 

Reduced size of romaine heart (left) caused by Western flower thrips 

CONTACT 

John Palumbo 
928 -782 -3836 
jpalumbo @cals.arizona.edu 

The Arizona Pest 
Management Center 

Control of pest species found on 
multiple crops, such as the Western 
flower thrips described at left, requires 
a coordinated management strategy. 
The Arizona Pest Management Center 
(APMC), originally created in 2001 
following a change in USDA and EPA 

funding philosophy, was reorganized in 
early 2005. This umbrella organization 
is designed to meet the needs of 
University of Arizona research and 
extension pest management faculty 
in developing and implementing pest 
management programs that more 
precisely serve the needs of their 
clientele. Another goal is to create and 
evaluate these programs to ensure that 
they have a measurable, positive impact 
on Arizona stakeholders. 

Community stakeholders come 
from agricultural, urban and natural 
settings and include growers, turfgrass 
managers, school administrators, home 
gardeners and public land managers. 
Pest management programs are typically 
considered the realm of weed scientists, 
entomologists and plant pathologists. 

The APMC will not only include and 
support programs in those areas but also 
disciplines or departments with pest 
management interests that are not as 

obvious, such as environmental science, 
agricultural resources and economics 
and agricultural education, to name a 

few. By expanding into this wider arena, 
key players and issues that can be vital 
to the adoption of any pest management 
program, which might not have been 
considered, can be identified. 

APMC coordinator Al Fournier, who 
came on board in May 2005 and is 

based at the Maricopa Agricultural 
Center, will work with faculty to 
develop science -based plans for 
measuring and communicating program 
impacts on a broad level. This will 
ensure that clientele are benefiting from 
extension's pest management programs 
while providing important input for 
program improvement. Documentation 
of outcomes is also a requirement of 
competitive federal funding programs, 
which have been restructured, so 
improving this process will make 
Arizona programs more competitive for 
these resources. Fournier says, "We not 
only want people's input, our survival as 

a research -based, land -grant university 
is increasingly dependent upon it." 

CONTACT 

Al Fournier 
520 -381 -2240 
fournier@cals.arizona.edu 
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(L -R) Paul Sanchez, a graduate student from Japan; Rod Wing, the rice genome project leader; and Hye Ran Kim, leader of the Sequencing and R &D 

Center, Arizona Genomics Institute (AGI), examine wild rice growing in a new greenhouse on the UA campus. 

Revelations of Rice 
Decoding the rice genome 

The complete genetic code of the rice plant was 
deciphered by researchers at The University of Arizona's 
plant sciences department and UA's BIO5 Institute and 

other members of an international consortium. The genome 
sequence is published in Nature in August 2005. 

The UA research team was led by Rod Wing, who has a key 
role in BIOS's Genome Structure and Function Consortium. 
Wing's group developed the framework for and contributed 
significantly to the International Rice Genome Sequencing 
Project (IRGSP). 

"Rice is the most important food crop in the world, feeding 
half the population," said Wing, a professor in the department 
of plant sciences at the UA College of Agriculture and Life 
Sciences. "Demand is expected to double in 50 years, so we 
need to learn all we can about rice. The genetic sequence is the 
beginning of that." 

Plant scientists will use the new knowledge to improve 
rice varieties. For example, they can now exactly pin down 
genes linked to desirable properties such as crop yield, 
drought tolerance and pest resistance. An important goal is 
to place newly identified, advantageous genes into regional 
rice varieties that are adapted to certain regions and growth 
conditions. 

Rice is the first crop plant whose genome has been fully 
mapped and sequenced. The published data represent what 
scientists call a finished sequence: it reveals a comprehensive 
picture of the DNA codes and positions of all the genes in the 
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rice genome. At the same time, it is one of the most accurate 
and complete genome sequences obtained from a higher (i.e. 
multicellular) organism. The finished sequence reveals that 
the 12 chromosomes of the rice plant hold some 37,500 genes. 
A chromosome is a compact bundle consisting of a long, 
thread -like DNA molecule wrapped tightly around special 
packaging proteins to allow for storage in a cell's nucleus. The 
rice genome contains about 7,500 more genes than the human 
genome. 

Wing's group developed the basic framework for the 
sequencing project and sequenced the short arms of 
chromosomes 3 and 10. Wing compares the rice genome, with 
its 12 chromosomes, to a book with 12 chapters, written in an 
alien language. 

"Before we could start deciphering the book, we had to take 
all the pages out and make about a thousand photocopies of 
each, to make sure we had enough genetic material for the 
sequencing," Wing said. He and his co- workers then put the 
pages in the correct order, thereby establishing a physical 
map of the rice genome, which formed the basis for the actual 
sequencing process. 

The software used to build the map for the U.S. rice 
sequencing collaboration was developed by Carol Soderlund, 
a member of BIOS's Quantitative Biology Consortium. "Our 
computer program identified each page, decided where it 
belongs and assigned it a page number," Soderlund explained. 

The University of Arizona College of Agriculture and Life Sciences 



With the physical map in place, 
different chromosomes were assigned 
to the partner institutions, which then 
started deciphering the genetic code, 
letter by letter and page by page. 

The next step is to make sense of what 
is written in the genetic code of the 
rice genome, a process geneticists call 
functional characterization. 

"Now that we know where all the 
genes are, we try to associate them 
with certain traits," Wing explained. 
The accurate, map -based sequence has 
already led to the identification of genes 
that confer agronomically important 
traits such as yield and demand of light 
during growth. 

The new information will be used 
to improve existing rice varieties and 
develop new ones. In addition, the rice 
genome sequence and map will serve 
as a reference for other cereal crops 
such as corn, barley and wheat. Because 
cereals evolved from a common wild 
grass ancestor, they share much of their 
genetic information. 

"By sequencing rice we sequenced 
all the other cereals to a certain extent," 
Wing said. "Many of the shared genes 
are in similar positions on the respective 
chromosomes, so when we assign a 
function to a given gene in rice, it is 
very likely that the corresponding gene 
in another cereal has the same or a 
similar function." 

The partnering institutions finished 
the rice genome sequencing project, 
officially launched in 1998, well ahead 
of the scheduled completion date of 
2008. DNA sequence was published 
in public databases as soon as it was 
obtained. The project was led by Japan 
and included sequencing labs in the 
United States, China, France, Taiwan, 
India, Thailand, Korea, Brazil and the 
United Kingdom. In the United States, 
The University of Arizona collaborated 
with Cold Spring Harbor Laboratory 

The new information will be 
used to improve existing rice 
varieties and develop new ones. 
In addition, the rice genome 
sequence and map will serve as 

a reference for other cereal crops 
such as corn, barley and wheat. 

in Cold Spring Harbor, New York; 
Washington University in St. Louis; 
Clemson University in Clemson, 
South Carolina; The Institute for 
Genomic Research (TIGR) in Rockville, 
Maryland; and Rutgers, The State 
University of New Jersey. 

Wing, an internationally recognized 
plant scientist whose work involves 
unraveling the genetic codes of 
agricultural crops like corn, rice, cotton, 

Rod Wing inspects rice plants in the greenhouse. 

soybean and tomato, brought his 
research programs and his reputation to 
the department of plant sciences within 
UA's College of Agriculture and Life 
Sciences in 2002. UA's BIO5 Institute, 
then named Institute for Biomedical 
Science and Biotechnology, helped fund 
the move. 

"I came to The University of Arizona 
to be part of one of the top plant science 
departments in the country," Wing 
said. "BIO5 offers a unique opportunity 
for my group to collaborate in an 
interdisciplinary environment with 
leading faculty at UA to help solve 
important problems in agriculture and 
human health using state -of -the -art, 
cross -cutting technology." 

Carol Soderlund is an internationally 
recognized scientist in computational 
genomics. She heads the Arizona 
Genomics Computational Laboratory 
(AGCoL) and holds a research associate 
professorship at the BIO5 Institute and 
in the department of plant sciences 
at the College of Agriculture and 
Life Sciences. Soderlund's computer 
program had been used to build the 
physical map of every large genome 
that has been sequenced to completion, 
including the human genome. 

Researchers in BIOS's Genome 
Structure and Function Consortium 
and Quantitative Biology Consortium 
integrate laboratory experiments and 
computational methods into large -scale 
efforts to understand how organisms 
transform their genetic information 
into body structures and metabolic 
functions. The deciphering of the 
rice genome is an example of basic 
and translational research pursued at 
BIO5: improving crop plants to feed a 
growing population and maintaining a 
livable environment. 

The National Plant Genome 
Initiative coordinated the United 
States portion of the project. The 
U.S. Department of Agriculture's 
Cooperative State Research, Education 
and Extension Service, the National 
Science Foundation, the Department of 
Energy and the Rockefeller Foundation 
provided support for the work. 

CONTACT 

Rod Wing 
520 -626 -9601 
rwing @ag.arizona.edu 
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Mine Tailings and Saltbush 
Revegetating the dusty leftovers from 

Arizona's storied mining past 
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A mine tailings site adjacent to Aravaipa Creek near Klondyke, Arizona is just hard pan - utterly devoid of plant life. 

On 

windy days, blowing dust from Arizona's 300,000 - 
plus mining claims ends up in the state's air and 
water. Laden with lead, arsenic and other metals, 

the dust poses long -term health hazards, including anemia, 
kidney problems, cardiovascular disorders and several forms 
of cancer. 

Vegetation reduces erosion, but plants generally won't 
grow on the left -over piles of rubble and processed ore known 
as mine tailings. Mining sites all over the western United 
States and Mexico have tailings piles, some of which stretch 
for acres and acres and have been almost devoid of plants for 
more than 100 years. 

"Some piles are so toxic and the material is so unlike soil 
that nothing grows there," says Raina M. Maier, a professor 
of soil, water and environmental science in the UA College 
of Agriculture and Life Sciences. "Mine tailings have the 
consistency of flour. We want to turn them into healthy soil 
with normal microbial and plant communities" 

Maier and her colleagues are investigating easy, low -cost 
ways to revegetate mine tailings with native plants. Because 
mining sites are often off the beaten path, Maier wants to 
find out the least amount of site preparation, fertilizer and 
maintenance needed for plants to grow in such places. She 
says, "It all boils down to the practical question of what is the 
minimum input needed to get plants to establish to prevent 
wind and water erosion." The work is part of UA's Superfund 
Basic Research Program, of which Maier is associate director. 

At one Arizona State Superfund site adjacent to Aravaipa 
Creek near Klondyke, Arizona. The researchers are tackling a 
particularly tough problem. Maier characterizes the tailings as 
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"pretty nasty," adding, "I'd assign them somewhere between 
8 and 10 on a scale of mine tailings sites. The material is very 
high in metals and very low in pH." At some spots Maier says 
the pH, a measure of acidity, is so low that "if concentrated, 
it could eat holes in your jeans." The location was used to 
process lead and zinc ore from 1948 to 1958. 

Monica Mendez, a doctoral candidate in soil, water and 
environmental science, performed greenhouse experiments 
to see what was needed to grow seeds of big saltbush, or 
Atriplex lentiformis, in Klondyke mine tailings. Saltbush, a 
drought- and salt -tolerant native shrub, grew in a mixture 
of 90 percent Klondyke tailings and 10 percent compost by 
weight. Maier says with that much compost, the researchers 
needed to just add water for the seeds to germinate and grow. 

However, trucking in enough compost and water to the 
Klondyke site and other such sites would be very expensive. 

Therefore, Maier, an environmental microbiologist, wants to 
find plant -growth- promoting bacteria that could be added to 
the tailings, thereby reducing the amount of compost needed. 
Christopher Grandlic, a doctoral student in soil, water and 
environmental science has isolated some "superstar" bacteria 
from the root zone, or rhizosphere, of the saltbushes that grew 
in the tailings- and -compost mix. The superstars have the 
ability to promote plant growth by producing plant hormones 
or making phosphorus more available to plants. 

"We've got the superstars and the next step is to test 
them," Maier says. The team will start with greenhouse 
experiments. She expects that the researchers will be ready 
to test plants at Klondyke in 2006. Right now the site is still 
completely barren, she says. "It's been like that since 1958." 

The University of Arizona College of Agriculture and Life Sciences 



Water erosion of mine tailings into the San Pedro River in southeastern 
Arizona 

Maier's team has successfully planted a different species 
of saltbush, four -wing saltbush, on mine tailings at an older 
site by the San Pedro River. She says, "The site is a different 
challenge, because it's highly toxic with regard to metals but 
is a relatively neutral pH." 

The 100 -acre site, known as Boston Mill, was used from 
1879 to 1887 to process silver and gold ore brought from 
Tombstone, Arizona, Maier said. Plants have begun to 
naturally encroach onto the site, but the progression is slow. 
The center of the site is still barren. 

"Mine tailings have the consistency of flour. We 
want to turn them into healthy soil with normal 
microbial and plant communities." 

Researchers grew four -wing saltbush, Atriplex canescens, 
in the greenhouse and Karyna Rosario, a master's student in 
soil, water and environmental science, transplanted two - 
month -old plants onto the tailings in October 2003. Some 
plants were planted in a tailings- and -compost mix, other 
went straight into tailings. Initially the plants were watered, 
but the researchers tapered off on watering and let the 
summer monsoons take over in 2004. 

The plants survived and became established whether or 
not they were in compost- enriched tailings. However, the 
plants seemed to stop growing between year one and two. 

One problem might have been that the monsoon rains were 
sparse during the summer of 2004. "After the first year the 
plants just didn't grow any further. Is this the point where 
metal toxicity takes over, or did they simply not have enough 
water? We still have to answer that question." She added, 
"Most researchers don't do long -term experiments and so 
don't see effects like this. It's our goal to run multiple -year 
field trials to test this technology." 

To see whether the soil microorganisms changed during 
the experiment, the researchers sampled the microbial 

communities surrounding the roots of the saltbushes. Initially 
there was no difference between the plants' rhizosphere and 
a nearby part of the tailings without plants - both samples 
had lower numbers of microbes than does normal soil. 
However, soon the microbial communities around the plants 
began to flourish, ultimately developing the same numbers of 
microbes as normal soil - 50 to 100 times as many as in the 
unplanted area of the tailings. 

"It was an exciting result," microbiologist Maier says. 
"Microorganisms are essential components of functioning soil 
ecosystems." 

Maier's work suggests that some mine tailings can be 
easily revegetated. "We can actually write some guidelines," 
she says. "If you have a site we're calling moderately 
impacted - you do have high metals, but pH is not an issue - probably you can go in and revegetate with pretty minimal 
inputs. You don't seem to need compost. You do need to 
establish with water for a period of time." 

In the spring of 2006, the team will tackle the extremely 
acidic Klondyke site. The researchers will plant saltbushes 
using various combinations of compost and microbes 
with the aim of developing some general guidelines for 
revegetating such tough sites. Maier's ultimate goal is for 
people to revegetate mine tailings just using seeds and a 
squirt bottle full of soil microorganisms. 

"Microbes can make plant hormones, bind toxic metal and 
help condition sites," she says. "My hope and dream is that 
we would be able to soak seeds in a microbial inoculum, then 
plant them and walk away." 

Graduate student Karyna Rosario takes measurements in the field during 
the San Pedro revegetation experiment. 

CONTACT 

Raina M. Maier 
520 -621 -7231 
rmaier @ag.arizona.edu 

University of Arizona Superfund Basic Research Program 
superfund.pharmacy.arizona.edu/research%202005/proj10. 
html 

2005 Agricultural Experiment Station Research Report 7 



Minding Our A's, B's and Q's: 
Tracking Whitefly Biotypes 

Emergent Q type already in Arizona 
by Susan McGinley 

The whitefly Bemisia tabaci 

Arizona's cotton crop succumbed in 1990 -91 to the B biotype of Bemisia 
tabaci, an ancient whitefly species with nearly worldwide distribution. 
Numerous biotypes or variants have evolved that are all part of the same 

species. Tracking its origins, along with the symbiotic bacteria it carries, the viruses 
it transmits and its host ranges across continents offers an intriguing picture of a 
highly adaptable insect pest. A new arrival to the United States, dubbed whitefly 
biotype Q, was first identified by University of Arizona scientists on poinsettias in 
2005. It awaits the right conditions to explode in population size and advance into 
urban landscapes, vegetables or cotton crops. 

B. tabaci attacks arid irrigated, subtropical and tropical cropping systems, often 
sweeping in giant waves across fields to lay eggs on vegetables, cotton, and even 
native landscape plants. Blanketing the leaves and fruit, the tiny larvae, less than a 
millimeter long, use their piercing- sucking mouthparts to extract vital fluids from 
the host plants, causing them to wilt or die. The sticky honeydew the whitefly 
exudes while feeding results in a black sooty mold that blocks light to the leaves, 
spoils cotton fiber's marketability and renders food crops inedible. 

This whitefly species also carries and readily transmits two unique groups of 
pathogens, the most damaging and widespread being in the genus Begomovirus 
(family: Geminivirus). Begomoviruses include Squash leaf curl, Cotton leaf crumple, 
Tomato yellow leaf curl, Cassava mosaic virus complex, and others that at the very least 
rob farmers of their profits and at worst cause widespread famine and death. 
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Widely distributed between the 30- 
degree parallels across the center of the 
globe, B. tabaci goes where humans go, 
catching rides on imported plants and 
then jumping to crops and landscape 
plants nearby. Some biotypes feed on 
more than 500 species and collectively 
have racked up billions of dollars 
in economic damage in more than 
100 countries. Called the cotton or 
sweetpotato whitefly and numerous 
other common names, the B. tabaci 
species is responsible for the whitefly 
infestation of Arizona's cotton crop in 
the early 1990s. The native A biotype 
caused outbreaks previously in the 
desert Southwest in the 1950s and again 
in the early 1980s, and currently the 
"Invader" haplotype is wiping out the 
staple cassava crop, in sub -Saharan 
Africa, where millions are starving 
as their staple food collapses from 
whitefly -borne mosaic disease. 

Whitefly vector biologist Judith 
Brown tracks different biotypes of 
B. tabaci, analyzing their DNA in 
her laboratory in the Department of 
Plant Sciences at The University of 
Arizona to find out more about how 
and where they migrate and transmit 
begomoviruses. After 25 years, she 
knows this insect intimately, from its 
genetics and biological traits to its host 
ranges and the diseases it transmits. 
She has developed population genetics 
approaches to identify and track Old 
and New World variants, comparing 
and mapping them to understand 
how ancient biotypes of whiteflies are 
migrating and adapting. 

Brown uses these tools to recognize 
the introduction or emergence of newer 
biotypes that are resistant to pesticides, 
for example, or have adapted to new 
cropping practices. They may also 
have evolved different host ranges, 
confounding control measures that 
worked on the old biotypes. Brown's 
research is helping growers and 
scientists correctly identify and track 
the various races of B. tabaci to prevent 
or control potential upsurges in their 
populations that could reach crippling 
levels. 

Often the appearance of a new 
begomovirus disease is Brown's first 
clue that a new biotype has invaded or 
evolved. This is how she noticed the B 

biotype that first emerged in the late 
1980s. "When this population showed 
up on plants that were not hosts of 
the local B. tabaci in the States and in 
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the Caribbean, I figured, 'something 
is going on here.' People were noticing 
the new diseases, but I thought there 
had to be a vector component to 
explain this," she says. She tracked 
and traced the origin of the B biotype 
in the Sahel region of Africa, including 
Eritrea, southern Sudan, and northern 
Uganda. It eventually made a jump to 
the Middle East, and later spread all 
over the world on ornamental plants, 
according to Brown. When it came to 
the United States it spread like wildfire, 
in the late 80s and early 90s, nearly 
wiping out the vegetable and cotton 
industries in Arizona, California and 
Texas, along with Florida's vegetable 
and ornamental crops. 

"Early on, we ran gels to visualize 
different protein patterns in the lab," 
Brown explains. "We used those 
specific patterns to track the movement 
of the B biotype. These studies revealed 
an incredible amount of diversity 
among B. tabaci populations." She then 
developed a more sensitive DNA - 
based test based on molecular markers 
to distinguish them. Early protein 
patterns were designated according 
to the alphabet and the respective 
letters were assigned to each variant, 
some of which are now recognized 
as troublesome biotypes. The most 
recently discovered Q biotype comes 
from the Mediterranean where it is a 
problem in greenhouses in Spain. 

Brown credits her mentor Julio Bird, 
a professor at the University of Puerto 
Rico Experiment Station in Rio Piedras 
(now retired), for discovering and 
proposing the concept of biotypes in 
B. tabaci. He had observed identical 
populations that exhibited different 
host ranges and virus transmission 
capabilities in Puerto Rico. Of the 
numerous begomoviruses on the 
islands, Bird noticed that some stayed 
put in certain areas while others 
appeared to move around. Bird and 
Brown together later found that the 

The most recently discovered 
Q biotype comes from the 
Mediterranean where it is a 

problem in greenhouses in 

Spain. 

introduced B biotype was capable of 
mobilizing some previously known 
and newly emergent viruses between 
plants. 

B. tabaci whiteflies and begomoviruses 
have coevolved for millions of years, 
according to Brown, with the viral 
coat protein on each virus species best 
matching a specific vector population. 
This influences transmission or vector 
competency, which is greatest for virus - 
vector pairs that have coevolved. Thus 
some whitefly biotype infestations 

The whitefly- transmitted begomovirus known as Squash leaf cur/ attacks zucchini and other vegetables. 

result in widespread diseases and 
others show more limited spread. 
Certain crops are susceptible to the 
begomoviruses the whiteflies transmit 
and others are not. 

By knowing what kind of whitefly 
is present, the type of begomovirus 
it carries, and the susceptibility of 
the local plants to infection, Brown 
suggests it's easier to predict the effect 
of that whitefly in the environment 
and to decide on control measures. 
Beyond that, knowing more about the 
reproductive habits of the whitefly 
and whether biotypes can hybridize 
readily are also important. All known 
B. tabaci are parthenogenetic, producing 
populations of egg -laying females when 
eggs are fertilized, and males when they 
are not. The more females there are, the 
more offspring will be produced and 
the faster the virus will spread. 

"The whiteflies are adept at 
upsurging when you take them out of 
their native home and introduce them 
into a new niche," Brown says. They 
either displace local populations the 
way they did in Arizona, or hybridize 
[cross- mate], as they have in Uganda, 
sweeping west to Kenya and southward 
to Tanzania and Burundi. "It's a clearcut 
pandemic of severe mosaic disease in 
the cassava crop," Brown says. "We had 
guessed there was a new vector, and 
indeed we discovered what we named 
the "Invader" population that has its 
closest relatives in West Africa." 

More recently Brown and her 
colleagues found that it mated with 
the native vector populations and that 
these hybrids are responsible for at 
least some of the mosaic virus spread 
along the disease front. Now she is 
tracking the advancing whitefly front 
southward and westward in Africa 
using a nuclear marker to identify the 
hybrid. James Legg, a vector biologist 
at the International Institute of Tropical 
Agriculture in Kampala, Uganda 
is collaborating with Brown in this 
research. 

Brown's extensive genetic and 
mating studies show there are crosses 
or hybrids between whitefly races. She 
has found that an Old World B biotype 
can mate with the native Arizona A 
population and produce offspring. In 
fact, there is eight percent divergence 
in hybrids in Uganda, showing there 
is potential gene flow when different 
biotypes end up in the same field. One 
of her astounding findings is that B. 
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Cotton leaf crumple, a virus transmitted by Bemisia tabaci whiteflies, causes 
disease in Arizona cotton, affecting both the leaves and the flowers (inset). 

tabaci is morphologically [structurally] identical worldwide 
but exhibits different habits and genetic differences. 

"Considering the variable niches it lives in, you would 
expect to see morphological differences, but there are none," 
Brown says. It's what is known as a cryptic species, in which 
populations don't appear to be different from one another, but 
they exhibit very clearcut biological, genetic and behavioral 
differences. Scientists have to examine their behavior linked to 
their genes to classify them. 

"They don't need a new snout or another vein on their 
wings to adapt" Brown says. "This species is so perfectly 
adapted that it doesn't need to make morphological 
adjustments. It corrects genetically and behaviorally instead. 
These whiteflies are extremely adapted to coexisting with 
humans." 

The Q biotype upsurged in greenhouses in Spain when the 
pesticide immunocloprid wiped out the B biotype and left the 
Q with resistance to the compound, with no brakes to hold 
it back. Biotype Q has since spread through the ornamental 
industry in Europe, China and portions of Central America 
and the United States. Brown presumes Q entered the United 
States on ornamental plants in 2004. UA entomologist Tim 
Dennehy and his graduate students collected poinsettias 
over the holidays and tested them in the lab for insecticide 
resistance. 

"One population was incredibly resistant to several 
pesticides normally used on whiteflies," Brown says. "We 
identified the whitefly as the Q biotype using our molecular 
marker, the cytochrome oxidase 1 gene. This confirmed the 
first introduction of the Q biotype into the United States, and 
indicated that the population was not the B biotype that had 
evolved resistance." 
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The researchers traced the plants to nurseries that had 
imported them. Brown doesn't expect the Q biotype to flare 
up right away, but she admits it certainly could. The B biotype 
was introduced at least as early as 1985 into the United States 
but didn't cause widespread damage in the desert Southwest 
until 1990-91. 

"The take -home message here is that the way we transport 
ornamentals and vegetable seedlings has facilitated the 
whitefly's dispersal into vegetable and cotton crops where it 
can build up and become a full -scale problem," Brown says. 
"We don't know yet if the Q will out -compete the B biotype, 
but the first step is to know where it is, and then to manage 
it differently. Compounds are available to specifically control 
different biotypes but we need to know if we are dealing with 
mixed or single populations." 

The transport of whitefly- infested ornamentals is not 
expected to be regulated by the federal government. Brown 
would like to see a cooperative effort among the ornamental, 
vegetable and cotton industries to manage potential B. tabaci 
outbreaks for the long term. She notes that Q biotype is the 
most recent -but certainly not the last -to arrive. "Because B. 

tabaci is so plastic and highly adaptable, it's a given that this 
ancient species is here to stay." 

CONTACT 

., . 

Judith K. Brown 
520 -621 -1402 
jbrown @ag.arizona.edu 

Whitefly Identification Websites: 
cals.arizona.edu /gemini 
cals.arizona.edu /whiteflytax 
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Determining Bull Fertility 
A faster test 

by Susan McGinley 

Fertility in a livestock enterprise is five to ten times more 
important economically than any other production 
measure. Detecting high fertility bulls is the key to 

increasing livestock production and thus profitability. 
Cows bred to high -fertility bulls bear more calves earlier in 

the season, resulting in more beef weaned and marketed per 
cow, a direct contributor to profit. Bulls with identical semen 
quality vary in actual fertility. Means to identify bulls on the 
basis of fertility potential can result in higher pregnancy rates, 
leading to larger calf crops. 

A new test determining bull fertility has been developed 
through collaborative University of Arizona and industry 
research. The test is not only accurate, it's also user -friendly, 
faster than the previous two -day laboratory method, and cost - 
effective. 

More than 20 years of research have gone into the 
development, testing and marketing of this technology. The 
rationale behind it is simple: choosing the most fertile bulls 
for cattle breeding has always held an element of risk. Until 
you breed a bull and find out his fertility, you don't know if 
the mating was successful. In multiple -sire herds, which are 
common in the industry, DNA testing to confirm parentage is 
necessary to determine fertility of individual bulls. 

Roy Ax, a professor in the Department of Animal Sciences 
at The University of Arizona, has studied each step of the 
fertilization process. He and his colleagues have focused on 
a mechanism called "capacitation," where a region called the 
acrosome, located on the head of the bull's sperm, swells and 
breaks, releasing enzymes to activate the sperm. This change 
enables the sperm to fertilize the egg, as long as there are 
enough binding proteins present. 

During the 1990s Ax and his colleagues assisted in 
developing a color -based diagnostic test to identify a protein on 
bull sperm. An antibody is used to detect presence or absence 
of that protein, referred to as fertility associated antigen (FAA). 
Research shows that bulls with FAA on their sperm are 17 
percent more fertile than herdmates lacking FAA over a 60 -day 
breeding season. Heifers inseminated once to bulls with sperm - 
associated FAA had a 16 percent higher pregnancy rate than 
herdmates inseminated to bulls without FAA on their sperm. 

The original diagnostic test, released for commercial use in 
1998, was licensed for any rancher or veterinarian in the world 
to use. Since then it has been adopted by breeders across the 
U.S., and in at least a dozen countries worldwide, in the Pacific 
Rim, South America, Canada and Europe. 

In January 2004, the next generation of that test, a patented 
lateral -flow cassette containing reagents to detect FAA, entered 
the market after University of Arizona scientists conducted 
extensive research on it. 

Housed in a small plastic cassette about the size of a stick 
of chewing gum, it has a three -year shelf life, requires no 
special storage, and can be used chute -side. It takes 20 minutes 
or less to run and works just like a pregnancy test that can 

This small plastic cassette, about the size of 
a stick of chewing gum, shows the purple 
line indicating the presence of the fertility 
associated antigen. 

be conducted a home: a purple line in the cassette window 
indicates the presence of FAA. 

Ax advises that the test be included along with the 
traditional breeding soundness exam (BSE) conducted on bulls. 
A sample of the semen collected from the bull is mixed with 
a buffering agent and placed on the cassette window. The test 
only needs to be performed once in a bull's life. The result 
indicates the bull's level of fertility. It should be noted that a 
bull that tests low for FAA antigen has lower fertility but is not 
completely infertile. 

More than 900 bulls from 19 herds were screened with the 
new test by Ax and other UA Department of Animal Sciences 
researchers who traveled to six states during spring, 2003. Of 
the bulls tested, 25 percent were found to be FAA- negative. 

The test's economic return is clear, according to Ax. If a few 
tests are purchased at $45, at a $50 profit per calf, and if a bull 
remains in a herd for four years breeding 25 cows per year, the 
return on investment is 13 -fold per each cow bred. For bulls, a 
$45 test yields a net return of $140 per bull tested. If the kits are 
ordered in large batches to cut the cost to $30 per test, using the 
same inputs stated above, the return on investment becomes 
22 -fold per cow. 

This work was sponsored by a USDA Small Business 
Innovative Research grant to ReproTec, Inc., the company in 
Tucson that markets the test. They hold an exclusive license 
to offer this test worldwide; the UA held a subcontract on the 
project. 

UA scientists are now screening for mutations in the FAA 
gene that may serve as a DNA -based diagnostic test. TMI 
Laboratories International, LLC in Tucson is funding the 
research with the technology licensed to them from the UA's 
Office of Technology Transfer. 

"We've already found 15 mutations in FAA from human 
prostate," Ax says. Their relation to fertility or cancer will be 
the subject of future research. This test also has implications for 
fertility in many species, although so far we only have data on 
bull fertility. FAA has been detected in dog, ram, boar, goat and 
human semen." 

CONTACT 

Roy Ax 
520 -626 -2907 
royax @ag.arizona.edu 

Reprotec, Inc. 
www.reprotec.us 
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Graduate student obtains a liver sample form a cow to assess trace mineral levels. 

l2 

Trace Minerals for Cattle 
Supplement boosts selenium, 

copper and zinc 

by Joanne Littlefield 

University of Arizona animal 
scientists have noticed for 
years that Arizona cattle held 

in feedlots seem to contract more 
diseases. Some scientists linked the 
increases to overcrowding or to stress 
during transport. Recently, however, 
researchers began to look at the 
nutrient deficiency of range forage as 
a potential culprit, zeroing in on its 
lack of the trace minerals selenium, 
copper and zinc. Jim Sprinkle, College 
of Agriculture and Life Sciences (CALS) 
animal sciences area extension agent, 
led the research team that learned not 
only how cattle health is affected when 
their diet lacks these critical minerals, 
but also figured out a more efficient 
way to get cattle to consume them. 

"It appears that a lot of the early 
days of feedlot losses for weaned 
calves can be traced to (a lack of) 
trace minerals," Sprinkle says. "Trace 
minerals, which are essential to health 
in small amounts, are needed not 
only for cellular integrity but also for 
immunity from diseases." Sprinkle also 
knew from his own previous research 
with a cooperator in the Globe area 
that cows had greater reproductive 
efficiency, called "breedback," when 
supplied regularly with trace minerals. 
According to cattle industry standards, 
cows demonstrate breedback when 
they are able to reproduce at least once 
a year. That has been a problem in 
Arizona. 

"We're always fighting to get our 
cows to reproduce in 365 day intervals 
because we have such harsh conditions, 
such unpredictable rainfalls, and this 
is just another factor. If we can control 
one particular factor, that may influence 
the reproductive rate." Sprinkle says. 
His study demonstrated that 14 percent 
of the cows treated with trace minerals 
conceived 30 to 120 days earlier than 
the untreated group. 

It turns out that when selenium, 
copper and zinc are at low levels in 
Arizona's volcanic and granite- derived 
soils, the plants that grow there are 
lacking in them as well. Research from 
the 1960s showed that a large area 
of central Arizona from Roosevelt 
Lake eastward to New Mexico was 
deficient in selenium. Additional recent 
sampling revealed that most of the 
areas along the Mogollon Rim in north 
central Arizona were not only selenium 
deficient, but also copper deficient at 
certain times. 
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Ranchers have compensated for this 
by adding the minerals to salt blocks 
placed across the range, but the rugged 
terrain over much of the rangeland in 
Arizona, along with difficult access 
through wilderness areas and high fuel 
costs can make getting the minerals to 
the animals difficult. 

"We originally thought that if you 
had a real nice growing season, copper 
levels would be higher as well as 
calcium, phosphorus and some of the 
macro minerals," Sprinkle notes. Yet 
contrary to what the team originally 
supposed, they found that during a wet 
year, copper levels in forage actually 
decreased with increased moisture. 

In studies conducted from 2000- 
2002 at the UA's V Bar V Ranch in 
Yavapai and Coconino counties, the 
scientists decided to focus their efforts 
on other ways to introduce the trace 
minerals directly into the cows. They 
knew that because the fetus draws 
extensively from maternal liver storage 
of selenium, getting the minerals to 
cows early in the pregnancy could 
lead to better health for both the cow 
and calf. Sprinkle wanted to see if 
getting the cow to carry its own trace 
mineral supplement would not only 
lead to improved health, but also prove 
economically feasible for the rancher. 
He wondered, "Why not let her haul it 
wherever she is ?" 

In January 2000 the study group of 
90 cattle was rounded up, weighed and 
examined for overall body condition. 

Blood samples were taken to establish a 
baseline level of selenium, copper and 
zinc for each cow. The cows received 
two doses of a trace mineral mix 
administered in bolus form with a pill 
gun. A bolus is a compact packaging 
for a drug -in this case it was the trace 
mineral. It measures about three inches 
in length and 3/4 inch in diameter, about 
the same size as other cattle medication. 
The bolus gun has a plunger to send 
the pill down the cow's throat where 
it lodges in the reticulum (one of the 
stomachs) and slowly releases the 
minerals for five to six months. 

In addition to testing whether this 
process could elevate trace mineral 
levels in the cattle, Sprinkle also hoped 
to find the ages and breeds of cows 
that exhibited the greatest mineral 
absorption. Cattle on the V Bar V 
ranch are currently divided among 
four breed groups: registered and 
commercial Hereford, Brahman crosses 
and two composite breeds. The breed 
composition of the first composite is 
1/4 Angus, 1/4 Hereford, 1/4 Senepol or 
Barzona, and 1/4 Gelbvieh. The second 
composite was not included in the 
study. 

The study group included 15 cows 
of each breed in both the treatment 
and control group. The research team 
followed the cows through a standard 
grazing rotation schedule from low 
elevation at about 3200 feet, up to 7200 
feet. They were re- examined in May 
and again in September -this pattern 

When Arizona rangeland soils carry low levels of trace minerals, the forage plants are 
deficient in these minerals as well. 

continued throughout both years of the 
study. 

The main findings showed the bolus 
was effective in raising cow liver 
copper and blood selenium and that 
it also raised blood selenium in the 
calves. For comparison, trace mineral 
levels in the forage were also sampled 
four times a year. 

"Obviously, what we sampled in 
the forage may not have been exactly 
what the cow selected, but we needed 
to follow it as much as we could," 
Sprinkle says. "There are always some 
trace minerals present in forage. It is 
never totally devoid, just deficient. 
Otherwise, all cattle would experience 
severe health problems." 

The liver copper present in the 
control group reflected their diet from 
forage alone, while the level present 
in the livers of the treatment group 
reflected their diet plus what they got 
from the bolus. The levels of copper 
in the forage changed each year and 
were reflected by rising or falling liver 
copper levels, with control cattle being 
deficient at times. 

"We also found that cows that were 
between five and ten years of age had 
greater selenium uptake than younger 

cows more than 15 years old," Sprinkle 
said. Another significant finding was 
that Brahman cross cattle absorbed 
selenium more efficiently than did the 
other two breeds studied. 

Sprinkle admits that whether or not 
the cattle respond positively to the 
bolus treatment, a rancher probably 
won't adopt the technique if it's not 
economically feasible. "It would add 
two or three dollars if the rancher 
is already using a formulated trace 
mineral mix," he notes. However, 
research has shown that not all animals 
consume an oral supplement. "By 
administering the boluses, we can 
be confident that the cow is actually 
receiving her daily requirements of 
copper and selenium." In some years 
when forage levels are particularly 
deficient in copper and selenium, the 
health of the cow can be maintained 
through its use. 

CONTACT 

Jim Sprinkle 
928 -474 -4160 
sprinkle@ag.arizona.edu 
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Better Parasitic Wasps for Biological Control 
Bacterial symbionts make a difference 

Encarsia pergandiella is a parasitic wasp species that carries symbiotic Cardinium bacteria. 

At barely one millimeter in length and without a stinger, a parasitic wasp 
hardly looks threatening. When viewed through a microscope it even has 
a friendly face. Out in a cotton field full of whiteflies it's a different story. 

These wasps parasitize whiteflies by laying eggs inside their immature stages. As 
the hatched larvae develop, they eventually kill the whitefly. This is good news for 
cotton growers in Arizona and other farmers worldwide who battle whiteflies in 
vegetable, fiber and ornamental crops. Now a new scientific twist is boosting the 
effectiveness of the wasps even further. 

Some parasitic wasp species are infected with symbiotic bacteria that exert a 
powerful effect on the wasp's reproduction. One of the ways the bacteria can do 
this is by causing the wasp to produce more or even all females. A population of 
parasitic wasps that contains all females that will lay eggs and kill the crop pest will 
be a more effective biological control agent in many circumstances. 

On the forefront of this new frontier in biological control is University of Arizona 
entomologist Molly Hunter, who has been studying tiny parasitoid wasps for 
the past 20 years -nine of them at the UA. She started out in the symbiont field 
researching a bacterium called Wolbachia from the a- Proteobacteria group that was 
considered to be unique in causing various reproductive changes in arthropods, 
a group of animals that includes insects, spiders and crustaceans. Wolbachia was 
known to affect its host's early development, sexual reproduction and patterns of 
genetic variation. 

"What we've shown over the last few years is there's a completely unrelated 
bacterial lineage called Cardinium that does those things too in the wasps," Hunter 
says. "It's from another phylum of bacteria called Bacteriodetes, which is not where 
most of the insect symbionts are, but a lot of recent symbionts have been discovered 
in this group. We are using studies of Wolbachia as a framework to study this new 
lineage of bacteria." 
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by Susan McGinley 

Hunter and her team discovered 
Cardinium in 2001 after a molecular 
sequence turned up in the lab that 
didn't match anything in the Genbank, 
the Internet -based repository of gene 
sequences. Her laboratory research 
focuses on parasitic wasps from the 
genus Encarsia that are commonly used 
for whitefly biological control. She and 
her research team have been studying 
the biology of symbiont- infected 
and uninfected Encarsia wasps from 
Arizona, Texas, Brazil and California. 

"All of the species we have that are 
infected with bacteria in the lab are 
endemic [constantly present in local 
areas] or have been released in the 
United States as part of a biological 
control program against whiteflies," 
Hunter says. "In particular, the pest 
everyone has been concerned with is 
the sweetpotato whitefly, a terrible 
scourge of cotton and melons in 
Arizona. We are also studying Encarsia 
inaron, the successful biological 
control agent of the ash whitefly in 
the Southwest. This species is infected 
with both Cardinium and Wolbachia. 
In this case we want to know how the 
symbionts interact and if the uninfected 
wasps are superior biological control 
agents to the infected ones." 

In general, these two symbiotic 
bacteria interfere with the wasp's 
biology in several ways, influencing 
both its ecology and the evolution. To 
survive and reproduce, they either need 
to increase the fitness of the wasp, or 
manipulate its reproduction in a way 
that benefits the bacteria. Since both 
Wolbachia and Cardinium bacteria are 
genetically transmitted from the mother 
to the offspring, Hunter points out that 
they'll hit a dead end if they end up in 
a male. It's to the bacteria's advantage 
to make more infected daughters so 
they can spread further throughout the 
population. 

"The wasp genetic system is called 
haploidiploidy, where a fertilized 
egg becomes a female (diploid) and 
unfertilized eggs are haploid males," 
Hunter explains. "The bacterium 
causes the unfertilized egg to double 
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its chromosome count and become a 
female. Called parthenogenesis (the 
production of all- female populations) 
induction, this process is not entirely 
understood, but it turns the developing 
male into a female." 

Another way the symbiont can work 
is through a process called cytoplasmic 
incompatibility, where the bacterial 
manipulation takes place in males. 
Males can't transmit the bacterium; 
instead the symbiont spreads by 
sabotaging the reproduction of the 
uninfected females that mate with 
these males. Infected females benefit 
by the misfortune of uninfected 
females, and become more common in 
subsequent generations. 

"In this case, infection is not 
necessarily bad when every single 
wasp has the symbiont," says Steve 
Perlman, a former postdoctoral student 
in Hunter's lab who is now a professor 
at the University of Victoria, British 
Columbia. "You have to be careful 
when not every wasp has it, though, 
because you'll have more sick offspring 
and less effective biological control." 

Hunter and her colleagues have 
shown that Cardinium exhibits both 
of these mechanisms of reproductive 
manipulation in Encarsia wasps - 
parthenogenesis induction and 
cytoplasmic incompatibility. In 
mites, it also causes genetic males to 
develop as females, a process called 
feminization. These bacteria are not 
rare, and parasitic wasps appear to be 
especially prone to infection. Hunter 

says six to seven percent of all insects 
have Cardinium, while 20 percent carry 
Wolbachia. "Multiply that times the 
number of arthropods, and it's not such 
a small number. These interventions 
are not subtle agents in the lives of the 
insects. The effects are large." 

Classical biological control measures 
usually involve bringing in an exotic 
natural enemy of an exotic insect 
pest, reuniting the specialized natural 
enemy with its host. As a result, the 
pest population is often reduced far 

Her laboratory research focuses 
on parasitic wasps from 
the genus Encarsia that are 
commonly used for whitefly 
biological control. 

below damaging levels. Other kinds of 
biological control focus on rearing and 
releasing local parasites or predators 
for shorter term effects. In both of these 
approaches, the biological control 
agent must be collected, reared in a 
lab and released. Hunter believes that 
knowing what symbiont is present, 
and what its effects are on the biology 
of the host wasp or predator, allows us 
to potentially manage their symbionts: 
keep them if they're good for biological 
control, and get rid of them with 
antibiotics if they are not. 

For example, Hunter has been 
studying a wasp native to Texas that 
attacks the sweetpotato whitefly. 

Electron micrograph shows Cardinium hertigii bacteria that affect the reproduction of 
Encarsia wasps. 

Virtually all of the wasps there are 
infected with Cardinium that causes 
cytoplasmic incompatibility. She has 
found in her laboratory that the wasps 
infected with the bacteria lay fewer 
eggs than the uninfected lines; in one 
case it was 25 percent fewer eggs. She 
says this is a case where you wouldn't 
want the symbiont present. Similarly, 
another Encarsia wasp containing 
Cardinium was collected in Brazil and 
considered to have great potential for 
sweetpotato whitefly biological control, 
but despite large -scale releases this 
species hasn't been recovered in the 
field. Hunter believes the symbiont was 
interfering with the wasp's survival 
there as well. 

Yet in other cases it's an advantage 
to release wasps infected with bacterial 
symbionts. Where wasps are mass 
reared for release, in greenhouses 
for example, bacteria that cause 
parthenogenesis could be beneficial 
both for the insectary producing the 
wasps and the grower. 

"In all- female populations there is no 
inefficiency because no males are being 
produced," Perlman says. "Females 
don't need to spend time looking for 
males to mate with. In this case the 
name of the game in parasitism is 
females." 

Hunter's fascination with the wasp - 
bacterium relationship has not waned 
since she began studying it. Over 
the years she has studied numerous 
examples of this fundamental 
interaction and has found a more 
philosophical approach to working 
with it. 

"You can look at this as a strange 
sexual manipulation of the insect by 
the bacterium, or is the insect as we 
know it really more like a committee, 
a wasp and one or more bacteria 
housed within one skin ?" Hunter 
asks. "It's actually possible to think 
about removing part of the committee, 
looking at the insect with and without 
the partner. This offers opportunities 
for a better understanding of the insect 
as a whole and also of developing 
predictive power to increase the 
efficiency of biological control." 
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Alternaria spreads by means of fungal spores called conidia (inset), assembled in long chains 
(above) that are easily dispersed through the air. 

Asthma sufferers have flocked to Arizona's deserts 
for more than 100 years to find relief from their 
symptoms. Yet the exploding number of asthma 

cases -it is now the most common chronic respiratory 
disease of children in the United States -include more cases 
in Arizona as well. In 2002, 31 million Americans (11 percent) 
were diagnosed with asthma; 8.9 million of these were under 
18 years of age. Current asthma -related healthcare costs are 
estimated at $14 billion annually. Coupled with 14.7 million 
missed school days and 11.8 million missed work days 
annually that are asthma -related, the total societal costs are 
enormous. 

Why the increase in Arizona? There may be multiple 
factors, many of which are not yet known. However, one 
factor is simple population demographics. Not only are 
more people with asthma moving here, their children are also 
genetically predisposed to developing respiratory problems 
that include asthma. These demographics result in Arizona 
being cited as one of 15 states with the highest reported 
incidence of asthma. Scientists at The University of Arizona 
are studying local allergens to help doctors diagnose asthma 
triggers in the desert. 

While irritants such as cigarette smoke can trigger 
attacks in almost anyone with asthma, allergens will 
cause attacks only in people who are actually allergic to 
them. Unfortunately, about 80 percent of all persons with 
asthma are sensitized to at least one allergen. In addition to 
controlling asthma symptoms, part of the treatment involves 
skin prick tests to determine the specific pollens, molds, 
mites, animal dander and other agents people are allergic to. 
In this procedure, the skin is pricked with a needle and then 
a small amount of specific allergen is applied. A raised bump 
indicates an allergic reaction. 
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Alternaria, 
Allergies, 

and 
Asthma 

Exploring a local fungus 
that can trigger attacks 

by Susan McGinley 

Barry Pryor, a mycologist in the Division of Plant Pathology 
and Microbiology, part of the Department of Plant Sciences 
in the University of Arizona College of Agriculture and Life 
Sciences, is collaborating with allergy researchers in the UA 
College of Medicine Arizona Respiratory Center to determine 
sensitivity to desert strains of a widespread mold called 
Al ternaria. 

"The Arizona Respiratory Center has determined that 
sensitivity to Alternaria spores is the single factor that most 
significantly correlates with the onset of childhood asthma 
in the Tucson area," Pryor says. "After following childhood 
cases for over 20 years, this was one of the findings that really 
piqued their interest in Alternaria." 

Alternaria is one of the most common fungi worldwide, 
found literally everywhere, both indoors and outdoors. It 
produces long chains of spores that are easily dispersed 
through the air. "There is really no way to get away from it - it can live almost anywhere," Pryor says. "It breaks down 
leaf litter and other organic matter and is an important part 
of the ecosystem." Yet it's also a notable plant pathogen that 
produces very toxic secondary metabolites in addition to 
human allergens. Some of these toxins may have a bioactive 
relationship to asthma that compound the effects of allergens. 

In addition, Alternaria fungi are diverse with numerous 
strains unique to different environments worldwide. 
"Alternaria produce many different proteins that function as 
allergens, and the production varies among different strains," 
Pryor says. "You may be sensitive to certain proteins from one 
strain and not to different proteins of another strain. The skin 
prick test we've been using, which is standard for much of the 
medical industry, is prepared from one strain recovered from 
onion in Colorado." 
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Pryor hypothesized that skin prick tests using strains of 
Alternaria found in and around Tucson, Phoenix and other 
Arizona population centers would be a more accurate 
prediction of allergy and asthma incidence in Arizona. "Why 
would someone want to use skin prick tests not prepared 
from local fungal populations ?" Pryor asks. "Wouldn't this 
provide better information to local asthma sufferers ?" 

To study this, Pryor obtained $150,000 in funding from the 
Arizona Disease Control Research Commission. His particular 
emphasis has been on determining Alternaria sensitivity in 
children. He chose 25 different sites in and around Tucson, 
including undisturbed natural desert and urban areas, where 
he took samples of soil and leaf litter. In the laboratory he 
found Alternaria species in all samples, and then ran more 
tests to characterize their morphology (physical form), 
genetic diversity and immunological properties. Most of the 
isolates were found to be in or closely related to two Alternaria 
species, A. alternata and A. tenuissima. 

The next step was to find out if local asthma sufferers 
were sensitive to these strains. In the laboratory he extracted 
proteins from each strain and mixed or hybridized them with 
blood sera from children who tested positive for sensitization 
to Alternaria. In this process, immunoglobins (IgE) in the 
children's blood sera react to specific proteins by binding 
them. 

Pryor hypothesized that skin prick tests using 
strains of Alternaria found in and around Tucson, 
Phoenix and other Arizona population centers 
would be a more accurate prediction of allergy 
and asthma incidence in Arizona. 

"We run the proteins through a gel to separate them into 
bands, and then transfer the bands to a thin membrane using 
an electrical charge," Pryor says. "We then put the membrane 
in a tray, add the blood sera, and the IgE molecules bind 
and attach to the proteins that they are specific to. That's 
what immunoglobins do, their binding is very specific." 
After washing the membrane to get rid of all unattached IgE 
and blood sera, the researchers were able to get an allergen 
"fingerprint" for each strain and then group the strains based 
on allergen profiles. 

The study population included four groups: 1) children 
who were asthmatic and had tested positive for Alternaria 
sensitivity; 2) asthmatic children who tested negative for 
Alternaria sensitivity; 3) non -asthmatic children who tested 
positive for Alternaria sensitivity; and 4) non -asthmatic 
children who tested negative for it. Pryor's study used blood 
sera collected from these children as part of routine allergy 
testing performed at the Arizona Respiratory Center. 

"Arizona strains showed considerably different allergen 
profiles than the standard strain used by the industry," Pryor 
says, "which supports our hypothesis that these strains 
may be unique in their ability to affect asthma." In addition, 
Alternaria sensitive asthmatics had IgE specific to the same 
proteins as did Alternaria sensitive non -asthmatics with one 
exception. 

"The blood sera from asthmatics had IgE specific to one 
additional Alternaria protein that the non -asthmatic sera did 
not react to," Pryor says. His lab is currently trying to isolate 

and characterize this unique protein. Testing of additional 
strains from the Tucson area will be ongoing for the next two 
years in an effort to uncover other unique allergens (proteins) 
for further analysis. 

Depending on results, he will look at developing more 
representative allergen preparations specific for people 
living in southern Arizona. He notes that finding unique 
allergens in Tucson that are different from those used in 
the standard tests for Alternaria would open the door to 
commercial development of region- specific tests with a wider 
representation of Alternaria strains. 

"We're looking at allergen profile diversity," he says, "and 
it does seem that there are some unique allergens produced 
by Alternaria recovered in Arizona compared to standard 
Alternaria isolates. The bottom line is to develop a skin prick 
test that is specific and more suitable to people living in the 
Southwest deserts, rather than commercially developed tests 
using extracts for allergens derived elsewhere." 

Pryor's huge collection of Alternaria from the Tucson area, 
along with a large collection of blood sera at the Arizona 
Respiratory Center, provides a unique opportunity to learn 
more about how allergies work and how to control them. 

"It's a great template for studying the mechanisms of 
allergy and asthma development," he says. "We can look 
at interactions between specific fungal strains and the exact 
people who have been sensitized to these strains. We can 
then characterize unique allergens in the laboratory and 
examine the corresponding chemical signaling in the immune 
responses to see if we can correct or change these responses 
during an attack. The collaboration is really exciting -a 
bridge between plant pathology and medical mycology.' .: 

Culture plates show diversity of Alternaria recovered from Tucson area. 
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It Takes a Village to Test Your Water 
A new EPA Homeland Security Center 

wi 

By Jeff Harrison 

One of the Water Village's four 
ordinary houses (above) features 
monitoring equipment such as the 
plumbing system shown at right. 
Extensive plumbing has been installed 
for hot /cold water, distilled water 
and gray water as well as electrical 
conduit for data and power lines. 

Researchers at The University of Arizona in Tucson 
are developing a laboratory facility that will test 
new technologies designed to monitor the safety 

and aesthetics of the nation's water supply. Much of the 
impetus for the UA "Water Village" comes from a substantial 
grant awarded by the Office of Homeland Security and 
the Environmental Protection Agency. The grant includes 
researchers at several other universities who are working on 
water -related issues. 

The grant creates an EPA Homeland Security Center, 
specifically the Center for the Advancement of Microbial 
Risk Assessment (CAMRA) at the UA and six other schools: 
Michigan State University, Northern Arizona University, 
University of California, Berkeley, University of Michigan, 
Drexel University and Carnegie Mellon University. The heart 
of the UA's effort will be the "Water Village," a unique facility 
geared to test new technology. 

On the outside, the Water Village looks like four otherwise 
unremarkable houses located on the grounds of the 
university's venerable Environmental Research Laboratory 
(ERL). Inside, the houses are a labyrinth of pipes, fiber optics 
and monitoring equipment. Researchers expect the village 
will become the premier testing facility for securing the 
nation's water supply in three key areas: safety, health and 
aesthetics. 

"It's a platform to deal with emerging issues in water 
quality," says Charles Gerba, a UA professor of soil, water 
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and environmental sciences and one of three principal 
investigators on the grant. Gerba and fellow professor Ian 
Pepper, who heads the UA /National Science Foundation 
Water Quality Center, hatched the idea for the Water Village 
while flying back to Tucson from a conference. Pepper, one of 
the three UA investigators on the grant, said the concept for 
the project came together when he and Gerba realized that 
the UA and ERL had the all of the scientific and engineering 
expertise in -house to create it. 

Researchers expect the village will become the 
premier testing facility for securing the nation's 
water supply in three key areas: safety, health and 
aesthetics. 

The first house, nearly finished, is designed for point -of- 
entry testing for water coming inside a building. The second 
house will be for experiments on how contaminants - either 
natural, accidental or deliberate - might enter and move 
through the water supply. The third house will look at the 
aesthetics of water - taste and odor. The fourth building 
will be for public education. ERL hosts public tours each 
month and the village will become a conspicuous part of 
those. 

The project evolved from a modest beginning. Gerba, 
nationally known for his studies on germ -laden surfaces in 
homes and offices, initially received $10,000, one of several 
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small investigative grants from the UA Office of the Vice 
President for Research, to look at homeland security issues. 

He and Christopher Choi, the third PI on CAMRA and an 
associate professor of agriculture and biosystems engineering 
at the UA, also are collaborating on a grant from the Defense 
Advanced Research Projects Agency (DARPA) to look at 
microbes in sewer systems. 

"The real challenge in the 21st century is to continue 
delivering safe water to the tap," Gerba said. Treatment 
plants have guidelines for producing safe water, but the big 
'I don't know' is the distribution system, and very little has 
been studied about how water quality degrades through 
distribution system, especially in your own home. 

"The water quality at the source may have nothing to do 
with the water quality at the tap," Gerba said. "The idea is to 
understand the performance of the system and how to better 
protect it and the public." 

Arizona also has the largest number of drinking water 
systems that do not use a disinfectant. Most of those systems 
draw ground water from wells. Private wells also are not 
regulated. 

"There's no requirement to treat ground water in the U.S. 
for drinking water," Gerba said. "It's a glaring problem. Two 
kids in Arizona died several years ago after swimming in 
water that wasn't disinfected." 

As the number of older Americans continues to rise, so 
does the risk of contracting an illness from drinking water. 
Seventy percent of the deaths from diarrhea in this country 
are people age 55 and older. Pregnant mothers and those 
with compromised immune systems also are at risk. 

The whole point of the Water Village is having a facility 
that is somewhere between a laboratory and the real world. 
Lab testing relies on carefully controlled experiments in an 
ideal setting. 

"There's no requirement to treat ground water in 
the U.S. for drinking water," Gerba said. "It's a 

glaring problem. Two kids in Arizona died several 
years ago after swimming in water that wasn't 
disinfected." 

A laboratory sink in one of the test homes is fitted with nine water outlets 
for simultaneous testing and evaluation of water purification devices and 
other point -of -use technology. 

"You can do some things in a laboratory, but at the other 
end of the scale there are some things that you cannot do 
out in the community," said Pepper, an expert in ground 
water pathogens. "You cannot deliberately put contaminants 
into peoples' distribution systems. This is an intermediate 
field -scale testing facility, with a closed loop where we can 
look at the fate and transport of chemical and biological 
contaminants." 

The facility will help researchers understand how a 
biological or chemical contaminant might travel through 
a real neighborhood or building where the water utility 
wouldn't immediately know how it entered, or how it might 
travel as people downstream open their taps, take showers or 
flush their toilets. 

"The hardest question is knowing where to look," said 
Gerba. "The second question is how do we clean it up. The 
third is how clean is clean. We can use this facility to examine 
emerging technologies for contaminant detection and control 
in a simulated real -world situation. That's what is unique 
about it." 

Also unique is the center's education component. Graduate 
microbiology students will be trained here to produce the 
next generation of microbial risk assessment scientists. 

The facility will help researchers understand how 
a biological or chemical contaminant might travel 
through a real neighborhood or building where 
the water utility wouldn't immediately know 
how it entered, or how it might travel as people 
downstream open their taps, take showers or flush 
their toilets. 

The UA Water Village is part of the first, and so far the only, 
EPA and Homeland Security center of its kind. The UA Water 
Quality Center, based at the ERL, also is the National Science 
Foundation's only center for studying water quality. 

ERL has for 30 years showcased water and environmental 
technology adapted for arid lands. Its scientists have 
worked on Disney World's EPCOT Center, on shrimp and 
fish hatcheries, and on seawater -irrigated agricultural crops 
throughout the world, to name a few. 

In addition to the Office of Homeland Security / EPA grant, 
worth $10 million over the next five years, the Water Village 
project has garnered funding from Arizona's Proposition 301 
revenues, the UA College of Agriculture and Life Sciences, 
the Office of the Vice President for Research, and a number of 
corporations. 
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Model of HspBP1 binding to Hsp70, based on X -ray 
crystallography 

Severe stress affects the billions of cells in our bodies by 
stringing out their proteins. Under threat of disease or 
extreme environmental conditions, regular cell proteins 

can literally "come undone" by unfolding their amino acids, 
like a skein of yarn unraveling. If the unraveling goes too far 
in too many cells, critical body processes begin to break down, 
eventually causing the death of the entire organism. 

Heat shock or heat stress proteins attempt to refold the 
protein, restoring its bundled structure to protect the cell. 
Hsp70 -or heat stress protein 70-is one of the most studied 
heat stress proteins, appearing in bacteria, animals and 
humans. Cattle exposed to high heat and humans with 
diseases such as cancer and AIDS show elevated levels of heat 
stress proteins in their cells or antibodies against heat stress 
proteins in serum (blood). 

Although it is one of the body's natural forms of defense, 
Hsp70 is not always strong enough to prevent death. 
Scientists want to learn more about Hsp70 and related 
proteins to see if there is a way to mobilize or enhance them 
deliberately for human and animal health. 

"Hsp70 is in all cells of all organisms," says Vince 
Guerriero, an associate professor in The University of Arizona 
College of Agriculture and Life Sciences who has studied 
heat -stress proteins for 18 years. "When the cell is exposed 
to a temperature a few degrees above body temperature, it 
will start producing large amounts of this protein. We know 
Hsp70 helps animals survive heat stress, anoxia, [lack of 
oxygen] or exposure to heavy metals." 

For Guerriero, who works in the Department of Animal 
Sciences, an agricultural research project he originally started 
in 1987 has evolved into a quest to find out how a single gene 
for a heat -stress binding protein can affect both animal and 
human health. Guerriero's laboratory at the UA discovered 
and named a protein in 1998 that binds Hsp70. Called 
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Heat Shock Proteins 
Developing a tool to fight 

human and animal disease 

by Susan McGinley 

HspBP1- heat -stress binding protein 1, this protein can bind 
or inhibit Hsp70 and in some cases even augment it. 

UA animal sciences laboratory technician Debbie Raynes 
conducted the screening that found HspBP1 by isolating it 
from human heart tissue. She took yeast cells and expressed 
the proteins of the human heart in those, using Hsp70 as a 

bait in the yeast, along with other proteins. 
"That told us which proteins were binding to the Hsp70," 

Guerriero says. Graduate student Catherine McLellan, now a 

postdoctoral student at Harvard, also conducted experiments 
on HspBP1 that helped pave the way to finding its structure. 

Scientists want to learn more about Hsp70 and 
related proteins to see if there is a way to mobilize 
or enhance them deliberately for human and 
animal health. 

"HspBP1 is still so newly discovered that not everything 
is known about it," Guerriero says. "We know this gene 
regulates the activity of Hsp70, which is a key intracellular 
regulator for a lot of other intracellular processes. We believe 
that it may also regulate cell division and protein transport." 

These possibilities make HspBP1 a tantalizing lead in 
the search for ways to treat not only stress conditions, but 
also cancer, muscular dystrophy, AIDS and other human 
and animal diseases. The Arizona Disease Control Research 
Commission and the Muscular Dystrophy Association have 
funded Guerriero's research. 

After replicating the DNA that codes for HspBP1 and 
inserting this DNA into bacteria, Guerriero has been able to 
share it with collaborating scientists around the world. He 
has worked with scientists in Germany, Russia, Hungary, 
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Korea, England, France, Italy, Japan, and the United States 
by mailing the DNA, proteins and antibodies back and forth, 
and corresponding through email. 

For example, to define the structure of HspBP1, 
Guerriero sent the protein and DNA to the Max Planck 
Institute in Germany, where it was analyzed through X -ray 
crystallography to reveal a distinctive shape that made the 
cover of the journal Molecular Cell in February 2005. 

The confirmation or structure of a protein dictates its 
function. In this case, Hsp70 and HspBP1 turned out to be 
wrapped around each other, implying a close interaction in 
their functions. Hsp70 is known as a "chaperone protein" 
that refolds proteins. According to research in the Guerriero 
lab, HspBP1 is a "co- chaperone" protein that regulates 
Hsp70. It does this by binding or blocking its action; 
by changing the confirmation or shape of the physical 
connection it shares with Hsp70; and by inhibiting Hsp70- 
associated protein folding. The three- dimensional form 
gave Guerriero something to work with to understand the 
chemical bonds involved. 

These possibilities make HspBP1 a tantalizing 
lead in the search for ways to treat not only stress 

conditions, but also cancer, muscular dystrophy, 
AIDS and other human and animal diseases. 

"Before you can do anything, you need to know the rules, 
how this system works," Guerriero says. "It can be used as a 
tool once we know more." 

To test the model, Guerriero and his colleagues have been 
altering protein interactions in the laboratory by inducing 
stress in animal cells and then adding Hsp70 and HspBP1 to 
influence the folding and unfolding of the proteins. They've 
tried binding the two proteins tighter or looser in different 
disease scenarios, alternately inhibiting and stimulating 
them to understand more about how they work. In the case 
of proliferating diseased cells, they are looking for ways to 
disable them. 

The same binding protein 
in cells under heat -stressed 
conditions (below) 

HspBP1 localization in cells 
under non -heat -stressed 
conditions (above) 

"It's very well known that cancer cells have abnormally 
elevated levels of Hsp70, and viral replication and viral 
infection are dependent on Hsp70," Guerriero says. "If 
you could drop those levels then this may be a method of 
controlling these two processes." One idea is to use the 
binding protein to disable Hsp70 in the cancer cells only, 
which would kill them. He is beginning to test ways to 
introduce the HspBP1 into cancer cells or to increase the 
levels that are already there, and to alter its amino acids to 
make it a better inhibitor. 

In one study, Guerriero and his colleagues found that levels 
of HspBP1 in tumors are actually elevated but not powerful 
enough to inhibit Hsp70 throughout the cell. However, they 
were elevated enough in tumor cells to be a new cancer 
marker. 

"It's very well known that cancer cells have 
abnormally elevated levels of Hsp70, and viral 
replication and viral infection are dependent on 
Hsp70," Guerriero says. 

Using another approach against cancer, Guerriero's team 
is collaborating with the Institute of Gene Biology at the 
Russian Academy of Sciences in Moscow, and with another 
group in St. Petersburg, to study a protein that is lethal to 
cancer cells. This protein requires the presence of Hsp70 to 
kill the cells, so in this case HspBP1 actually blocked the 
activity of the lethal protein. The researchers want to know 
how the system works and if it can be used in cancer therapy. 

Through a collaboration with members of the UA 
Departments of Nutrition and of Veterinary Science and 
Microbiology, Guerriero found that HspBP1 and antibodies 
against HspBP1 are actually present in human sera. These 
studies have been expanded with a group in Hungary 
that recently reported that antibodies against HspBP1 are 
elevated in patients infected with HIV. Such a correlation 
opens the possibility for new understanding of how this 
virus works. 

Although Guerriero initiated his research nearly two 
decades ago to understand how livestock can adapt to heat 
stress, it's clear that the results have led to many new and 
exciting areas involving applications to human medicine. 

"There are a lot of exciting paths to go down, and we're 
trying to take them one at a time," he says. "Anything we 
find is new." 
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Atomato a day keeps the doctor away" could be the 
new adage if a University of Arizona study proves 
the biological value of high lycopene tomatoes in the 

human diet. These tomatoes could also provide growers with 
a readily marketable crop. 

More than 40 participants are eating two tomatoes a day 
and having their blood tested to see if it retains high levels of 
lycopene, the carotenoid pigment that gives tomatoes, pink 
grapefruit, guava, watermelon and other fruits and vegetables 
their red color. Although it is not considered an essential 
nutrient, increased lycopene intake has been associated with 
reduced risks for certain cancers, including prostate cancer, 
and for cardiovascular disease. 

This collaborative effort between the UA departments of 
Nutritional Sciences and Plant Sciences uses a cost -effective 
and easily adaptable greenhouse method for growing a high 
lycopene tomato. The tomato was developed specifically 
for this study at the Controlled Environment Agriculture 
Center in the UA College of Agriculture and Life Sciences. 
It is not genetically engineered. Rather, simple changes in 
the hydroponic nutrient solutions of the greenhouse -grown 
tomatoes induce salt stress in the plants, forcing them to 
increase the lycopene levels in the fruit to 30 percent higher 
than normal as well as enhancing levels of other carotenoids 
and vitamin C. The tomato tastes very similar to a standard 
tomato, and nothing is added or genetically altered. 
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by Susan McGinley 

"We've been able to stress the plant enough that by nature's 
design it produces more lycopene to protect and heal itself," 
says Cynthia Thomson, assistant professor of nutritional 
sciences and a registered dietitian. "The lycopene stays in the 
flesh of the tomato." 

Together with Chieri Kubota, an associate professor of 
plant sciences who helped develop the greenhouse stress 
technique, Thomson is conducting a controlled feeding study 
using the newly developed tomato to find out if it can serve 
as a nutraceutical vegetable - one that offers additional 
health benefits beyond basic nutrition. 

Study participants simply eat two fresh, raw tomatoes a 
day for 21 days and keep a log describing what they ate with 
the tomatoes and how they prepared them. Salads have been 
most popular. "Cooking would increase the absorption of the 
lycopene in their bodies but we want to know to what extent 
nutrient and carotenoid levels increase if the tomatoes are 
consumed raw," Thomson says. 

For comparison, one group eats high lycopene tomatoes, 
while a control group consumes standard tomatoes. Each 
participant receives a plastic bubble tray containing 14 

tomatoes for the week, and all the trays are weighed before 
they leave the greenhouse. The following week the volunteers 
return what they didn't eat, and the trays are weighed again. 
Eventually each participant is crossed over to the alternate 
tomato feeding for three weeks as well. 
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"The hard part is that you have to 
go on a lycopene -free diet for 18 weeks 
except for these tomatoes," Thomson 
says. That means no spaghetti sauce, 
grapefruit, or other lycopene- containing 
produce. Periodic blood samples are 
taken to measure plasma lycopene and 
other carotenoids. In addition, 24 hour 
urine samples are collected to measure 
biomarkers for DNA oxidative damage. 
Thomson and Kubota hypothesize 
that the high lycopene tomatoes will 
increase lycopene levels in blood 
plasma and reduce DNA oxidative 
damage (which indicates a potential 
increased risk for disease.) 

Because lycopene is a fat -soluble 
phytochemical that stays in the body 
for several weeks, each participant had 
to fast from lycopene- containing foods 
at the beginning of the study, and also 
undergo lycopene -free "wash -out" 
periods between each tomato feeding. 
Primarily funded by the UA's BI05 
Institute, the feeding portion of the two - 
and-a- half -year study ends December 
2006, followed by additional time for 
blood and urine assay analysis and 
development of the final report. The 
goal is to expand evidence regarding 
the potential health benefits of tomatoes 
and any added benefit afforded by 
consuming high lycopene tomatoes, 
according to Thomson. 

Few Americans achieve the 
recommended nine fruits and 
vegetables a day currently 
recommended in MyPyramid, the 
USDA's new Food Guide, Thomson 
notes, but if we were able to eat 
five to six servings that were more 
concentrated in disease -preventive 
nutrients and phytochemicals we could 
potentially achieve the same outcome - improved health and reduced risk 
for chronic disease. 

"We're improving human nutrition 
through nutritionally optimal plants 
that not only provide nutrients, they 
also produce carotenoids and other 
phytochemicals [plant chemicals 
that impart health benefits] at greater 
concentration," Thomson says. Plant 
foods are a superior "vehicle" to deliver 
these important health -promoting 
compounds. "Some people would say 
'just take a lycopene supplement and 
forget about it.' But when we consume 
whole plant foods we get the additional 
benefit of other phytochemcials and 
nutrients present in the plant. Risk for 
overconsumption of a single carotenoid 

increases significantly when we 
reach for the supplement bottle, and 
our experience with beta -carotene 
supplementation suggests that some 
people (in this case smokers) may be 
placing ourselves at increased risk 
using this approach." 

The safer and likely more health - 
promoting route would be to consume 
the lycopene in a fruit where there is 
little risk of overeating. "You can pop 
seven lycopene pills a day," Thomson 
admits, "but it would be really hard 
to eat seven tomatoes. That's one 
reason why promoting food sources 
of nutrients and phytochemicals is 
so compelling. We want people to 
improve their diet instead of taking 
supplements." The trick is to get the 
lycopene content in the tomato high 
enough to have biological importance 
without providing too much per fruit. 
The researchers have commissioned 
independent laboratory analyses 
to verify that the study tomatoes 
contain higher levels of lycopene than 
standard tomatoes, but at biologically 
appropriate levels. 

If the study results bear out their 
hypotheses, Thomson and Kubota 
say opportunities will arise to expand 
collaborative food -related research and 
to develop significant partnerships 

within the produce industry to improve 
the nutritional and phytochemical 
quality of other crops within the food 
supply. They are currently developing 
a partnership with Eurofresh, a 
greenhouse tomato producer in 
southeastern Arizona, to grow the 
high lycopene tomato and are forming 
partnerships with Yuma lettuce 
growers as well. 

"We can try to do this with other 
produce," Thomson says, "using 
similar natural techniques to enhance 
the nutrient and phytochemical 
content. For example, how about 
improving the lutein [an eyesight 
protector] content of spinach grown in 
Yuma ?" 

CONTACT 

Cynthia Thomson 
520 -626 -9294 
cthomson @email.arizona.edu 

Chieri Kubota 
520 -626 -8833 
ckubota @ag.arizona.edu 

CEAC website: 
cals.arizona.edu/ceac/ 

High lycopene tomatoes harvested from the UA Controlled Environment Agriculture Center's 
greenhouse 

2005 Agricultural Experiment Station Research Report 23 



Safer Relationships for Teens 
Program builds self- confidence 

The car door slams. An echo of shouts rings out through 
the night. Pride hurt, feeling frightened and alone, a 
teen seeks refuge with a friend. Teens across Arizona 

are learning strategies designed to make their relationships 
healthier and to reduce violence. They've learned to walk 
away when someone makes them angry, to calm themselves 
down before resuming a conversation, and how to recognize 
signs of abuse in close relationships. 

"Promoting Healthy Relationships" is a research and 
outreach project of The University of Arizona that includes a 
modified version of the "Safe Dates" educational curriculum 
originally developed by North Carolina Cooperative 
Extension. The program helps youth understand and feel 
more self -confident about how they would 
like to be treated by a partner and how 
they should treat a partner in a 
dating relationship. 

Incorporating youth 
development strategies 
into programs that 
target specific risk 
behaviors - dating 
violence, for example - has been shown 
to increase the 
likelihood of success 
at preventing negative 
health outcomes. Thus 
the curriculum is presented 
within the context of a 
comprehensive youth development 
program. 

Nationwide, more cases of domestic violence are 
being reported as a result of increased public education efforts 
and a heightened awareness on the part of community service 
workers, such as police and fire department employees. In the 
aftermath of these community wake -up calls, the U.S. Centers 
for Disease Control and Prevention (CDC) has begun funding 
research, prevention, and intervention projects to address 
intimate partner violence and its associated issues. 

Arizona's Promoting Healthy Relationships Project was 
funded through the CDC's National Center for Injury 
Prevention and Control (NCIPC) as a demonstration project 
for the early intervention and prevention of sexual violence 
and intimate partner violence among racial and ethnic 
minority populations. Arizona is one of only three projects 
funded to focus on adolescent well- being. 

"We also have the only two sites working with American 
Indians because of the relationship extension personnel have 
developed on the reservations," says project manager Donna 
Peterson, an associate research scientist in the Norton School 
of Family and Consumer Sciences, part of the UA College of 
Agriculture and Life Sciences. 
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A ccording to NCIPC the term "intimate partner violence" 
describes physical, sexual or psychological harm by a current 
or former partner or spouse. This type of violence can occur 
among heterosexual or same -sex couples and does not always 
involve sexual intimacy. It does include date rape and extreme 
control over who a partner can see and when. For young and 
old, from all walks of life and from all cultural backgrounds, 
intimate partner violence can be a source of shame and 
confusion. 

As an undergraduate at the University of Nebraska, 
Peterson rounded out her psychology major as an intern 
at a domestic violence shelter. There, through day -to -day 
interaction with clients, she had the opportunity to more 

fully understand the complicated relationship 
dynamics that forced these women to 

seek refuge at the shelter. 
Her subsequent research 

s in family studies and /human development 
and her work with , /1 Arizona Cooperative 

Extension led to 
her involvement 
in the UA project. 
It is a collaboration 

among Arizona 
Cooperative Extension, s %/;Af the Norton School, two 

American Indian tribes, 
several schools and some 

community -based organizations. 
The goal is to promote the development 

of healthy relationships among youth through skill - 
building, preventing violent relationships, and intervening 
when patterns of violence have begun. The project also 
collects information to establish a baseline for what would be 
considered violent behavior between intimate partners within 
diverse communities. 
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The program helps youth understand and feel more 
self- confident about how they would like to be 
treated by a partner and how they should treat a 

partner in a dating relationship. 

One of the bases for developing the curriculum was the Teen 
Opinion Poll- Arizona (TOP -AZ), a periodic survey conducted 
in Arizona since 1994 that assesses teens' behaviors, beliefs, 
and attitudes and their perceptions of peers, family life, and 
their communities. Ultimately, communities participating in 
TOP -AZ will be able to respond better to youth needs, build 
on youth strengths, and involve youth as partners in doing so. 
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Because TOP -AZ allowed university researchers and 
local communities access to a wealth of information about 
adolescents that could be useful in planning programs to 
benefit youth and promote positive development, deciding 
how best to put theory into practice and match it with the 
student data was the next step. 

The Promoting Healthy Relationships team of university 
researchers, local program staff and extension agents 
understood that making the program culturally relevant was 
one way of ensuring a high rate of adoption. Rather than use 
the original "Safe Dates" curriculum, first developed in North 
Carolina for teens in an Anglo community, it was adapted 
for Arizona's ethnically diverse communities following 
focus groups with students and interviews with school staff 
and community members. Using qualitative data gathering 
methods, the team learned how to better implement the 
curriculum based on cultural needs. 

Another hurdle to overcome was the complication 
of working with minors who might have some level of 
involvement in violent activities. Careful preparation included 
obtaining not only parental approval but active consent and 
assent from youth. It took more than a year and a half to get 
through approvals at the local, university and federal level. 
Community meetings, letters to parents and school officials 
were all required. 

After all approvals were obtained it was time to implement 
the program in the four participating sites. Individuals living 
in each community were hired to work directly with the 
youth. "It was good that they were from the community and 
knew the people," says Peterson. The researchers were not at 
all surprised to discover that when minors knew and trusted 
the adults they were working with, they were more likely 
to discuss sensitive issues. Community members hoped the 
program would reduce the number of interpersonal violence 
incidents by helping their young people recognize signs 
of partner violence and identify strategies to avoid violent 
relationships. 

The dating violence prevention curriculum was typically 
presented during the school day to students in 7th through 
12th grade as determined by the local school and Promoting 
Healthy Relationships Project staff. Youth development 
program activities were also community- specific and were 
designed by local program staff, the youth, and in some cases, 
local community councils or organizations. 

Activities primarily focused on specific community 
holiday / cultural events (e.g., Red Ribbon Week, Fourth of 
July), community needs (e.g., Diabetes Walk, community 
garden), or youth interests (e.g., rock climbing, summer 
recreation program, adventure -based learning activities, a 
video with dating violence scenarios). 

In addition to developing and implementing the dating 
violence prevention program, evaluating the program to 
measure its success was a key component of this project. 
Program evaluation, guided by a community -based 
participatory research model and the Tribal Participatory 
Research Model, involved extensive process and outcome 
evaluation. 

Process evaluation included participant and leader 
feedback surveys following each program session, participant 
attendance records, and a detailed program- monitoring log. 
The outcome evaluation involved pre- and post -program 
surveys for youth participants to collect information on 

knowledge, attitudes, and behaviors related to intimate 
partner violence, sexual violence, and healthy relationships. 
Focus groups were conducted with students and interviews 
were conducted with school staff and community members to 
hear their perceptions of the program and its impact on youth, 
parents, and the community. 

A comparison of pre- and post -surveys by the evaluator 
showed statistically significant changes in knowledge, 
attitudes, and behaviors. Survey results from project sites 
indicated that, before the program, from 27 percent to 45 
percent of teens reported that a date had used physical force 
against them -a higher rate than reported by teens in other 
communities across the United States. Some examples of 
physical force included being pushed, shoved or slammed 
against a wall or being hit or kicked. Approximately 10 percent 
of the respondents said their boy /girlfriend would not let 
them do things with other people or did things just to make 
them jealous; 30 percent thought it was okay for a girl to hit 
a boy if he hit her first; 11 percent thought violence could 
improve a relationship; and 30 percent of those who had 
experienced physical force reported that at least one of the 
partners had been drinking alcohol or using drugs at the time. 

The goal is to promote the development of healthy 
relationships among youth through skill -building, 
preventing violent relationships, and intervening 
when patterns of violence have begun. 

Following the program one extension agent wrote that 
"teens were less likely to report that their partners made them 
tell them where they were every minute of the day and less 
likely to believe that some couples must use violence to solve 
their problems." 

Teens were also more likely to agree that those who are 
victims of dating violence or who are violent to their dates 
need to get help from others; that a boy and a girl should have 
equal power in a dating relationship; and that when they are 
angry with someone, they should try to calm down before 
they talk to that person. They also indicated that they learned 
about walking away from a fight and talking to the other 
person in order to avoid fighting. 

Fall 2005 marked the end of the five -year program, but 
work will continue in some locations with additional data 
collection to continue to assess its impact. Peterson notes that 
not only did young people experience a change in attitude 
from participation in the program, but the ripple effect was 
felt by the families as well by encouraging family discussions 
on the issues. 

"Kids share this information with parents and as a result, in 
some cases, parents get healthy too," she says. 

CONTACT 

Donna Peterson 
520 -621 -7127 
pdonna @ag.arizona.edu 

Promoting Healthy Relationships Project 
cals.arizona.edu /fcs /azyfc /phr/ 
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Improving Western Vegetable Quality 
Vegetable production, harvest, handling 

and fresh -cut processing 

by Joanne Littlefield 

Grocery stores respond to consumer demand for fresh -cut produce with 
an expanding array of packaging. 

The produce section in your local grocery store is 
continually expanding the shelf space it devotes to 
cut and pre -packaged fresh fruits and vegetables. No 

longer satisfied with the canned and frozen food lifestyle, 
Americans demand convenience, safety and top quality in the 
fresh produce they buy. University of Arizona researchers are 
helping the produce industry respond to this need by testing 
ways to assure the freshness and nutritional content of fresh 
produce while guarding against microbial contamination. 

"Several disease outbreaks have been linked to vegetable 
consumption during the last decade," says UA plant 
physiologist Jorge Fonseca. Although most were due to cross - 
contamination (such as putting vegetables in contact with 
raw meat), studies show that pathogens can grow in produce, 
and high microbial loads can make people sick. "Since many 
vegetables are consumed raw, we want vegetables free of 
pathogens and with a low microbial population in general." 

Fonseca is responsible for the Western Vegetable Quality 
Assurance Program, created when he joined the plant sciences 
department in the UA College of Agriculture and Life 
Sciences in 2003. He is based at the Yuma Agricultural Center, 
in the heart of one of the nation's major vegetable production 
areas. The 274 -acre farm includes a diversified range of crops, 
including cotton, small grains, and such vegetables as lettuce, 
broccoli, melons and others. Growers in the Yuma area raise 
cool weather crops such as lettuce for the fresh market and 
for processing in packaged salad mixes, as well as a number 
of cole crops such as broccoli, cauliflower and cabbage. Warm 
weather crops include a variety of melons. Depending on 
the time of year, Fonseca could be out in the field studying 
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Work in the lab includes examining different packaging materials and how 
to help manage shelf life of produce. 

the increased nutritional value of crops grown with seaweed 
extract, for example, or working in the lab examining 
different packaging materials and their contribution either to 
extending shelf life or accelerating decay. 

"I did some work in the past with fresh -cut watermelons; 
they are one of the exceptions that do not hold well," Fonseca 
says. "They start fermenting very rapidly after the oxygen 
drops below 14 percent in the atmosphere. So to package 
fresh -cut watermelon you need very high permeability films 
or plastics, whereas some types of lettuce can be stored at 
below one percent of oxygen and they will do fine." He found 
that lettuce does not do well in packaging that allows for a 
high carbon dioxide buildup because the leaves will start to 
turn yellow. Fonseca relays his findings on post- harvest plant 
respiration to plastic film manufacturers so that a precise 
packaging material can be developed for different fruits 
and vegetables. "My intention is to continue doing this type 
of work with commodities we don't know much about," 
Fonseca says. 

As a post- harvest specialist, Fonseca is interested in the 
nutritive value of fruits and vegetables at various stages 
after harvest. Vegetables grown in the Sonoran Desert are 
exposed to a greater amount of light than in other regions, 
such as California's Central Valley and vegetable -growing 
areas on the East Coast. The particularly high levels of salt in 
the Yuma area soil are also unique in the desert. Factors like 
this can influence both the nutritional content of vegetables 
and their "nutraceutical" value, which refers to the potential 
of nutrients and phytochemicals in plants to help prevent 
disease. Fonseca says, "We've observed that cultivation with 
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UV reflective mulches provide more 
light to the plants." Those films reflect 
approximately 30 percent of all the 
light upward, including UV light which 
may or may not be beneficial (UV light 
could produce stress, too). In the case 
of muskmelons the film yielded higher 
soluble solids, higher levels of vitamin 
C and the added benefit of increased 
volume yields. 

Throughout his research, Fonseca 
contacts local growers when he thinks 
they can benefit from it immediately. 
"We do applied research here but 
sometimes we just want to understand 
why something happened so that we 
can tell the grower," Fonseca says. 
"For instance, we can say 'we obtained 
these results with the seaweed extract,' 
or 'the calcium applied two or three 
weeks before harvest did this' and the 
grower can do it right away." 

Fonseca relays his findings on 
post- harvest plant respiration 
to plastic film manufacturers 
so that a precise packaging 
material can be developed for 
different fruits and vegetables. 

Beyond seeing that something is 
working, Fonseca wants to know why 
it is working, which leads him to the 
laboratory for analysis. Fonseca's lab 
contains precision instruments that 
can analyze very small quantities 
of plant extract. He uses High 
Performance Liquid Chromatography 
or HPLC, for analyzing liquid, the 
gas chromatograph for post- harvest 
physiology analysis and a chromameter 
to measure color. 

Another section of the lab contains 
machines designed to extract microbes 
from contaminated produce for 
analysis. With the HPLC, for example, 
Fonseca can sample just 10 microliters 
extracted from the pulp of cantaloupe to 
measure its vitamin C composition. He 
discovered that unlike other produce, 
cantaloupe actually increases in vitamin 
C for a short period of time following 
harvest. "Having the vitamin C going 
up during post -harvest storage (as 
the melons continue ripening) is good 
news, but what we don't know yet is 
how or if mishandling plays a role. Very 
likely the vitamin C will eventually 
go down when the fruits are exposed 

to excessive shock and vibration 
as encountered sometimes during 
transportation," he says. 

Back in the field, Fonseca is studying 
the amounts of water - through 
irrigation or rainfall - that may lead 
to increased produce contamination on 
lettuce. A recent educational program 
targeted at food handlers across the 
nation focuses on food safety "from 
the farm to the table." In response 
to this, Fonseca began questioning if 
late irrigation or rain close to harvest 
might play a role in increased microbial 
activity in the crop. 

Throughout his research, 
Fonseca contacts local growers 
when he thinks they can 
benefit from it immediately. 

"I'd seen people harvesting in 
muddy fields which made me wonder 
if there was some effect of the moisture 
on the microbial population," Fonseca 
says. To more closely match Arizona 
growers' needs, Fonseca conducted his 
three -year vegetable irrigation trials on 
a commercial scale. He varied the time 
of the final irrigation in different plots 
to test the effect on yield and quality, 
including contamination. During 
winter 2005 when continual winter 

rains blanketed the desert and fields, 
Fonseca took the opportunity to assess 
rainfall's contribution to microbial 
activity by gathering produce samples 
just prior to and following the rain. He 
definitely found a pattern, where the 
lettuce that had less water had better 
quality. He also found that the closer 
the last irrigation was to harvest time 
the higher the microbial population, 
especially with sprinkler irrigation. "A 
grower might consider something in 
between, not irrigating too early and 
not too late," he suggests. 

Once a crop is out of the field, a 
spray of chlorine bleach is the current 
industry standard for post -harvest 
sanitization. Fonseca's future work 
will be looking at other santizers that 
will help ensure healthier fruits and 
vegetables for the consumer. 

CONTACT 

Jorge M. Fonseca 
928 - 782 -3836 
jfonseca @ag.arizona.edu 

Western Vegetable Quality Center: 
(English /Spanish) 
cals.arizona.edu /crops /vegetables/ 
quality/ 

A spray of chlorine bleach is the current industry standard for post -harvest sanitazion. 
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i Huse puu he tos show t massive die -off of pinyon pines that ouuurreu (Jowly the recent drougni. rinyons, normally evergreen, have reddish -brown 
foliage in October 2002 (above). 

Massive Pinyon Pine Die -off 
Underlying cause revealed 

The high heat that accompanied the recent drought was 
the underlying cause of death for millions of pinyon 
pines throughout the Southwest, according to new 

research. The resulting landscape change will affect the 
ecosystem for decades. Hotter temperatures coupled with 
drought are the type of event predicted by global climate 
change models. The new finding suggests big, fast changes in 
ecosystems may result from global climate change. 

"We documented a massive forest die -off - and it's a 
concern because it's the type of thing we can expect more of 
with global warming," said research team leader David D. 
Breshears, a professor of natural resources in The University 
of Arizona's School of Natural Resources in Tucson and a 
member of UA's Institute for the Study of Planet Earth. 

At study sites in Arizona, Colorado, New Mexico and Utah, 
the team found that from 40 to 80 percent of the pinyon trees 
(Pinus edulis) died between 2002 and 2003. The researchers 
confirmed the massive regional dieback of vegetation through 
both aerial surveys and analysis of satellite images of those 
states' pinyon - juniper woodlands. 

"Scientists are concerned about how fast vegetation will 
respond to climate change, but we don't have many examples 
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to test our ideas," Breshears said. "Here we've clearly 
documented a case that shows how big and fast the die -off 
can be." 

The drought coupled with particularly high temperatures 
set the trees up to be susceptible to insect infestations. Bark 
beetles delivered the knock -out punch. 

"It was the drought - beetles don't get trees unless the 
trees are really water -stressed," Breshears said. Breshears, 
Neil S. Cobb, director of the Merriam -Powell Center for 
Environmental Research at Northern Arizona University 
in Flagstaff, Paul M. Rich, research scientist at Los Alamos 
National Laboratory in New Mexico, and their colleagues 
reported their findings in the Proceedings of the National 
Academy of Sciences in October 2005. Los Alamos National 
Laboratory (LANL), the National Science Foundation, the 
U.S. Forest Service, the U.S. Geological Survey, NASA and the 
National Institutes of Health funded the research. 

Ecologists want to learn more about long -term changes 
in ecosystems that occur in response to climatic and other 
environmental variation. So in 1987, researchers established 
a study site in the pinyon - juniper woodland zone at LANL. 
Roughly every two weeks, Breshears and his colleagues 
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by may 1uu4, tne aeaa pinyons nave lost all tneir neeaies, exposing gray trunks. i ne pnotos were taken trom tne same vantage point in tne uemez 
Mountains near Los Alamos, New Mexico. 

measured soil moisture on the 100 -by -150 meter plot (about 
three times the size of a football field). Temperature and 
precipitation data were recorded at a nearby site. In 1992, the 
team began tracking tree mortality. 

"I could see the plot from my office window," said 
Breshears, who used to work at LANL. When the recent 
drought hit, the scientists were well -positioned to compare 
how the vegetation fared before and during the drought. 
Initially the trees managed, but in 2002 the pinyon pines 
began to die. By the end of 2003, more than 90 percent of 
the pinyons on the plot were dead. Breshears said, "I would 
see the trees go from vibrant green to pale, gasping green 
to pale brown to dropping all their needles." Pinyon pines 
all over the Southwest were doing the same thing. U.S. 
Forest Service's aerial surveys of the region's pinyon - juniper 
woodlands in 2002 and 2003 revealed significant tree die -off 
covering more than 4,600 square miles (12,000 square km). 
The effect was so dramatic it could be detected by satellite. 

Rich and his colleagues at LANL and the University of 
Kansas analyzed satellite images of the region's pinyon - 
juniper woodlands for the years 1989 through 2003 using 
a measure of vegetation greenness known as Normalized 
Difference Vegetation Index (NDVI). The weekly composite 
images came from data collected by AVHRR (Advanced Very 
High Resolution Radiometer) sensors on National Oceanic 
and Atmospheric Administration satellites. 

The region's 60,000 square miles (about 155,000 square 
km) of pinyon - juniper woodlands became a lot less green 
starting in 2002, the team found. Moreover, the NDVI 
measurements for the site at LANL showed that the plot's 
greenness dropped at the same time and in a similar way. 

During a previous multi -year drought in the 1950s, not as 
many trees died. To see how the two droughts differed, the 

researchers compared the four driest consecutive years of the 
earlier drought, 1953 -1956, with those of the recent drought, 
2000 -2003. 

"By every measure we looked at, the recent drought was 
hotter," Breshears said, adding that, if anything, the 1950s 
drought was drier. The high heat combined with the extreme 
dryness put the trees under so much water stress that the 
attacks from bark beetles finished them off. Under such 
conditions, the trees cannot make enough pine sap to defend 
themselves against the insects. 

"These trees are slow -growing trees, so we aren't going to 
have woodlands of this type back in this area for decades," 
Breshears said. He added that the lack of pinyon nuts will 
have negative effects on wildlife and on people who harvest 
the nuts for food and for sale. 

Rich said, "The fate of the pinyon - juniper forest depends 
on what happens next, especially in terms of weather. If it's 
wetter, the trees may come back. If not we'll probably see 
shifts to species from drier ecosystems." 

Having such a wealth of data and a range of expertise was 
crucial for figuring out what happened, said Cobb, leader 
of the Drought Impacts on Regional Ecosystems Network 
(DIREnet). "The NSF DIREnet project allowed us to bring all 
these researchers together." 

Breshears said the team's next step is developing ways to 
predict how bad a drought must be to cause such large -scale 
die -offs. 

CONTACT 
David Breshears 
520 -621 -7259 
daveb @ag.arizona.edu 
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A new U.S. Agricultural Research Service facility 
for the Southwest 

The towering ventilation stacks 
and long, low form of the new 
Arid Lands Research Center 

are visible from a great distance as 
you drive along agricultural fields 
surrounding the city of Maricopa in 
central Arizona. With close to 100,000 
square feet of space, architects were 
able to incorporate a full complement 
of laboratories, greenhouses, offices 
and meeting areas into the facility 
adjacent to The University of Arizona's 
Maricopa Agricultural Center (MAC). 
Sponsored and run by the U.S. 
Agricultural Research Service (ARS), 
the center opens January 2006, with a 
dedication set for late February. 

The ARS, established in 1938, is the 
principal research arm of the USDA. 
ARS facilities throughout the nation 
focus on the crops, irrigation practices, 
soil and pests of the areas where they 
are located. The original charge of the 
ARS -to find new uses for traditional 
crops -now includes finding new 
crops suitable for a region to help 
boost the local economy. The Arid 
Lands Research Center will focus on all 
aspects of efficient cotton production 
and on water conservation and 
quality with an emphasis on irrigation 
technology. Other ARS research centers 
in the West focus on water and salinity 
at Riverside, California and range and 
meadow forage management in eastern 
Oregon. 

The Arid Lands Research Center 
in Arizona integrates facilities of the 
Western Cotton Research Laboratory 
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(WCRL), and the U.S. Water 
Conservation Laboratory (USWCL) on 
a 20 -acre site. It replaces 12.5 acres of 
facilities in south Phoenix where rapid 
commercial development sparked a 
need for an alternative location closer 
to production agriculture. While central 
Arizona is undergoing a development 
boom in the Casa Grande and Maricopa 
area, the new site does have a buffer. 
A portion of the Santa Cruz River 
currently flowing across the MAC 
property will be rerouted, preventing 
further housing encroachment. The Gila 
River Indian Reservation also borders 
the property. Reservation officials 
have said they plan to keep the land in 
agricultural production. 

The UA College of Agriculture 
and Life Sciences has had a strong 
cooperative working relationship with 
both the Western Cotton Laboratory 
and the Water Conservation Laboratory 
for many years, making the combined 
center's new location next to MAC 
ideal. The building will house 26 
researchers and 100 support and 
temporary staff. Preliminary planning 
allowed scientists to provide input on 
the features they needed, including 
plant growth chambers, seed storage 
areas, a hydraulics lab, a cotton gin, an 
insectary and eight greenhouses. 

"The synergy that will be created 
by having both university and ARS 
scientists located in close proximity 
will open new avenues in arid land 
research," says MAC resident director 
Bob Roth. 

From studying the effects of global 
climate change to developing better 
irrigation techniques, USDA research 
projects differ from university research 
in part because of their duration. "Ten 
to fifteen years is not unusual for one 
of our projects," says Bert Clemmens, 
USWCL Director and research leader 
for irrigation and water quality. While 
university research may last three to 
five years -with the goal of getting 
useful information to local growers - 
federal research efforts tend to focus on 
issues that may be of higher risk and 
require longer study. One example is 
the WCRL study of the life cycle of the 
pink bollworm, a huge and pervasive 
pest of cotton, to find more effective 
methods of control. 

The total cost of the Arid Lands 
Research Center ran close to $28 
million, provided by the USDA, with a 
long -term lease on the land through the 
UA. Construction began in 2004. 

The architectural firm drew from 
the rich agricultural history of the area 
as well as from arid land research in 
designing the entire site. The designers 
carefully captured the look and feel 
of traditional Arizona farm and ranch 
buildings, and as you move from the 
public spaces through office and lab 
space to the greenhouses and more 
mechanical functions, the architectural 
features shift. 

There is a replica of a grain drill 
painted "John Deere" green and yellow 
(as are the walls) in the lobby and 
small -scale irrigation canals in the 
courtyard. A nearby cistern for catching 
rainwater will feed into channels to 
add supplemental irrigation to the 
surrounding desert landscape, adding 
a visual reminder of the mission of the 
water conservation lab. 

U.S. Arid Lands 
Agricultural Research 

Center Mission 
The ARS will develop sustainable 
agricultural systems, protect natural 
resources, and support rural communities 
in arid and semi -arid regions through 
interdisciplinary research. Research topics 
include crop management, integrated 
pest management, irrigation technology, 
remote sensing, water reuse, crop 
breeding and physiology, and global 
climate change. 

www.wcrl.ars.usda.gov 
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Red Rock Agricultural Center 
Sited on more than 4,600 acres in Pinal County 

by Susan McGinley 

RED ROCK AGRICULTU 
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The new center will feature dryland pasture, irrigated crops and a dairy. 

The College of Agriculture and Life Sciences has a new 
agricultural center, located approximately 35 miles 
north of The University of Arizona campus. Sited on 

4,673 acres of state land administered by the college under an 
institutional lease from the Arizona State Land Department, 
the Red Rock Agricultural Center (RRAC) will open in early 
2006. It will be operated by the Campus Agricultural Center 
(located in Tucson) with three full -time employees to provide 
research support and generate farm commodity income for 
the college. 

"The Red Rock site will serve as a replacement for the 
Marana Agricultural Center, recently sold," says Colin 
Kaltenbach, director of the Arizona Agricultural Experiment 
Station. "This new center gives us an opportunity to design 
a facility that will hopefully accommodate modern -day 
agricultural science but will also continue to work 10 -15 years 
from now as needs change." 

The convenience of conducting large -scale field research 
projects within a half -hour's drive of the main campus is 
invaluable for research faculty, staff and students based in 
Tucson. The center provides an excellent site for research 
in plant breeding, weed control, plant pathology, insect 
management, fertility and nitrogen management, soil 
conservation, alternative crops, and other areas of agronomic 
interest. 

"The RRAC has essentially the same soil type, terrain 
and altitude as the Marana Ag Center," says Randy Ryan, 
assistant director of the Arizona Agricultural Experiment 
Station. "However it is located in a more remote area, 
allowing farming operations to continue, whereas the Marana 
Ag Center was being encroached on by development. Our 
neighbors to the south are the Pinal Air Park and Western 
Army National Guard Aviation Training Site." 

Immediate facilities to be built include 160 acres of flood - 
irrigated fields, 128 acres of pivot- irrigated fields, irrigation 
infrastructure, an electrical distribution system, a domestic 
and irrigation water supply, septic system, three residences 
for farm supervisory personnel, a maintenance/ office/shop 
facility and support buildings. 

Future facilities may include a 1500 -animal dairy research 
center to replace current dairy operations at the Campus 
Agricultural Center. 

"The research/production dairy will provide an invaluable 
asset for implementing dairy management practices and give 
students an opportunity to learn how to operate a dairy," 
Ryan says. He notes that the current dairy at the Campus 
Ag Center is hemmed in by houses, limiting its size and 
productivity. Dairy operations have exploded in Arizona, 
with 123 dairies statewide. The new larger facility will allow 
for sustained growth of dairy programs and provide for new 
innovative research programs to grow in the future. 

"In addition, we hope to incorporate innovative energy 
programs to reflect the original name of the ranch proposed 
in the early 1970s as 'Energy Ranch, - Ryan says. "It would 
include bio- methane, solar, alternative plants and other 
energy sources and we are actively pursuing corporate 
partners to implement these ideas." 

The first crops will be planted at the RRAC in April 2006. 

CONTACT 

Steve Husman 
520 -621 -3246 
husman @ag.arizona.edu 
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CALS 2004 -2005 Research Awards 
by Colin Kaltenbach 

2004 -2005 Research Faculty of the Year Award 
Rod Wing, Professor of Plant Sciences and the 8105 Institute, Director of Arizona Genomics Institute 

Rod Wing, who came to The University of Arizona in 2002, is an award -winning scientist recognized for his expertise and 
many accomplishments. He is one of the international team of scientists who recently deciphered the genetic code of the rice 
plant. In recognition of his role in this work, the U.S. Secretary of Agriculture awarded Wing the 2004 USDA Honor award, the 
most prestigious honor given by the USDA, which recognizes outstanding contributions to agriculture. He also developed and 
directs the Arizona Genomics Institute, which focuses on research, teaching, and service in agricultural genomics. As with the 
rice genome project, Rod and the Institute are currently prepared to play a major role in the project to create a sequence -ready 
map of the maize genome. There are over 40 scientists under his direction at the Institute, including undergraduate, graduate, 
and postdoctoral students. In addition, he has been awarded over $31 million in federal grants for various aspects of his 
research programs since coming to the University of Arizona in 2002. 

Wing has not only brought scholarly distinction and recognition to the college, he has also stimulated and enhanced the 
research efforts of many others through his efforts to obtain and improve cutting -edge technologies in the field of molecular 
biology. 

2004 -2005 Outstanding Staff in Research Award 
Catherine Wasmann, Research Specialist, Senior 
Division of Plant Pathology, Department of Plant Sciences 

Catherine Wasmann has been the laboratory manager in Professor Hans Van Etten's plant pathology lab for the past 16 years. 
Her responsibilities include ordering supplies, lab maintenance, grant writing and review, and undergraduate student hiring 
and supervision. Her attention to detail on the best use of research funds has been a hallmark of her management of CALS 
dollars as well as those generated from grants. 

Wasmann is also a respected research scientist who has made significant intellectual contributions to the Van Etten lab and 
has established a solid reputation in the scientific community. As a senior researcher, she has sustained an active research project 
within the lab while assisting others with their research projects and with training of other lab members. She is always willing 
to transfer the knowledge accumulated in her many years of research experience in the field of plant pathology. She is a natural 
leader, mentor, and a person who always gives 110 percent. 

In January 2005, Wasmann was elected to serve as vice chair of the University Radiation Safety Committee, responsible for 
administering the UA radiation safety program. 

2004 -2005 Outstanding Team Award 
Controlled Environment Agriculture Center (CEAC) Greenhouse Program 
Gene Giacomelli, Christopher Choi, Joel Cuello, Priscilla Files, Roger Huber, Merle Jensen, Chieri Kubota, Mark 
Kroggel, Allan Matthias, Mary Olsen, Patricia Rorabaugh, Ursula Schuch and Peter Waller 

Supported by the state of Arizona and alliances with agencies like NASA, the CEAC team has established a reputation as 
one of the most sophisticated centers for interdisciplinary education and research in the United States. The CEAC has pursued 
amazing research, education and outreach programs based on a vision to develop controlled environment agriculture as a 
sustainable agricultural option: economically, environmentally, and socially. This is an integrated science and engineering -based 
approach to establish the most favorable conditions for plant productivity while optimizing resources including water, energy, 
space, capital, and labor. Greenhouse food production usually includes hydroponics, and controlled environment agriculture 
provides year round continuous production, and crop yields that exceed field production by as much as ten -fold. 

The CEAC research projects include the development of the South Pole Greenhouse and the design and construction of a 
research greenhouse facility for desert regions, high quality greenhouse crop analysis, greenhouse energy and mass balance 
analysis, technology development for greenhouse production systems and management, and controlled environment plant 
tissue culture. 

Education and teaching projects include "a Day in the Life of a Plant," a learner- centered, web -based education CEA 
website and simulation models; hydroponics; physiology of plant production under controlled environment; greenhouse 
pest management; simulation of biological systems; and resident student internship experiences in operational monitoring of 
research and demonstration facilities. 
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Arizona Agricultural Experiment Station 

Sponsored 
$48.7 million (65.9 %) 

Total Research Funding 
Fiscal Year 2004 -2005 

($73.8 million) 

State 
$23.1 million (31.3 %) 

Federal 
Appropriated 

$2.0 million (2.8 %) 

Sponsored Sources 
Fiscal Year 2004 -2005 

($48.7 million) 

Industry 
$4.95 million (10.2 %) 

Counties /Cities 
$0.46 million (0.9 %) 

State 
$1.78 million (3.6 %) 

Foundations/ 
Educational Institutions 

$2.60 million (5.4 %) 

Miscellaneous 
$1.52 million (3.1%) 

Federal Goverment 
$37.39 million (76.8 %) 



The University of Arizona 
College of Agriculture and Life Sciences 
P.O. Box 210036 
Tucson, AZ 85721 -0036 
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