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UA Programs Rank Nigh in Faculty Productivity 
Scholarly Index 

College of Agriculture and Life Sciences highlighted 

ew rankings based on faculty scholarly 
activity place several University of Arizona 
programs -including those in the College 

of Agriculture and Life Sciences (CALS) -among the 
best in the country. 

The 2005 Faculty Scholarly Productivity Index, 
released in January 2007, is a new means of assessing 
doctoral programs at large universities. The index 
ranked 354 institutions and more than 7,300 doctoral 
programs. 

Among these, CALS faculty productivity in doctoral 
programs emphasizing agronomy and crop sciences 
at the UA ranked No. 1; entomology ranked No. 2 

(including contributions from the UA's Arizona 
Research Laboratories); botany and plant biology 
ranked No. 4 (shared with the UA College of Science); 
and nutritional sciences ranked No. 10. In the broader 
category of agricultural sciences, the UA was rated 
the No. 1 program in the country based on faculty 
productivity. 

The rankings measure the productivity of individual 
faculty members based on publications completed, 
including books and journal articles published and 
cited, federal grant dollars awarded, and honors and 
awards received. 

"In my view, faculty productivity is an excellent 
objective measure of the value of a department, 
program, etc. to the university," said Eugene Sander, 
CALS dean and vice president for university outreach. 
"Since the ranking depends upon the papers published and grants received, I would argue that you do not get 
grants in this competitive environment or publish papers in the best journals if you aren't a quality program." 

The Faculty Scholarly Productivity Index is created by Academic Analytics, a company partially owned by 
the State University of New York at Stony Brook. 

"It is my goal that we will be one of America's 10 best public research universities," said UA President Robert 
Shelton. "These measurements of scholarly productivity tell us that we are well on our way" 

NOTES 

Summary of Prominent UA Rankings for Scholarly Faculty 

Productivity 

Note: These categories denote areas of study, not necessarily 

specific academic departments. 

Agricultural Sciences - No. 1 

Communication - No. 1 

Agronomy and Crop Sciences - No. 1 

Entomology - No. 2 

Pharmaceutical Sciences and Medicinal Chemistry - No. 3 

Botany and Plant Biology - No. 4 

Nutrition - No. 10 

Contact 

Department of Plant Sciences 

Robert Leonard 

520 -621 -1945 

plshead @ag.arizona.edu 

Department of Entomology 

Bruce Tabashnik 

520 -621 -1141 

brucet @ag.arizona.edu 

Department of Nutritional Sciences 

Linda Houtkooper 

520 -621 -3096 

houtkoop @u.arizona.edu 
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Letter 
D i`réctor 
Dear Readers, 

Selecting the subject matter for our annual report each year is always an interesting activity as there seems 
to be an endless number of interesting topics from which to choose. We try to give you a sampling of our 
ongoing efforts. I believe we have succeeded this year as we have covered many things, from squirrels to 
dairy cows, vegetables to rangeland, plus a bit on cancer - fighting compounds and beneficial fungi, an almost 
mandatory story involving water and a touch of economics and marketing to wrap it up. These articles again 
illustrate that our research efforts reach from the very fundamental to the very applied. 

We are pleased to be able to highlight the new Thomas W. Keating BIO5 facility which was made possible 
in part by a generous donation from Tom Keating (and family), an alumnus of the College. This magnificent 
new structure was built to facilitate interactions and collaborative research among faculty in the Colleges 
of Agriculture and Life Sciences, Science, Engineering, Medicine and Pharmacy. It is very satisfying that 
agriculture will play a pivotal role in this effort. Our success is fully dependent on our people but new 
facilities such as this and others that we have highlighted over the past several years, including the William J. 
Parker Agricultural Research Complex mentioned in this issue, certainly make us more productive, and the 
determined effort it takes, more enjoyable. 

We are proud that the UA College of Agriculture and Life Sciences ranked number one in the nation among 
large universities for scholarly activity in agricultural sciences, according to the 2005 Faculty Scholarly 
Productivity Index released in January 2007. (Please see the article in this issue for details on individual 
departmental rankings.) 

My thanks to our very capable production staff who have once again produced a high quality publication 
and to our excellent research faculty and staff, who generate the necessary information. 

We hope you will benefit from reading this issue and take advantage of the opportunity to contact our 
scientists if you have questions about their work, or notify us if you have issues of any kind. 

Enjoy, 

Colin Kaltenbach 
Vice Dean and Director, Arizona Agricultural Experiment Station 
520 -621 -7201 
kltnbch @ag.arizona.edu 
cals.arizona.edu/aes 
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Crossroads 
f 

Research 

Collaboration in Cochise County 
increases yields, quality 

13y Susan McGinley 

Ihousands of red chiles gleam in the sun on Ed 
Curry's farm on an early November afternoon. The 
harvest is underway, with workers loading sacks of 

peppers into wagons in the fields. Paprika, ancho, cayenne- 
these and other varieties go onto conveyors at the on -site 
processing plant, where a separator divides them into vats of 
pulp, dryers full of dehydrated skins and piles of washed, sifted, 
highly valuable seed. 

The flavor, degree of hotness and general quality of these 
chiles all depend on their basic genetic traits, breeding choices 
and crop management practices. There is an art and science in 
developing a chile variety, in knowing which pepper to choose 
to fit industry needs, and how to plant, irrigate, fertilize, protect 
and harvest it in response to conditions in the local environment. 

Canneries, dry processors and groceries want consistency 
in the quality and amount of chiles they buy from growers, 
but until recently farmers hoping for a perfect combination of 
growing factors had few resources to predict the crop results. 
Curry has addressed this constant challenge through an 

aggressive breeding and crop management research program on 
his farm, Curry Chile & Seed Company, in the Sulphur Springs 
Valley near Pearce, Arizona -about 75 miles southeast of Tucson. 
He has conducted numerous trials and projects with more than 
a dozen scientists from the University of Arizona, New Mexico 
State University and Texas A&M University. 

For the past five years, University of Arizona agronomist and 
soil scientist Jeff Silvertooth has been testing and refining an 
integrated crop management plan (ICM) that can build more 
consistency and predictability into the quality and quantity of 
the chile harvest. Based on a proven method Silvertooth helped 
develop nearly 20 years ago for monitoring and predicting 
distinct stages in cotton plants -which has now become a 

standard procedure for many cotton growers in Arizona and the 
desert Southwest -the plan focuses on measuring heat units 
accumulated after planting (HUAP) for specific growth stages of 
the plant. These stages include leaf and crown formation, peak 
bloom, early pod set, pod maturity and the fruit's transition from 
green to red. 
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Mature red chiles at the Curry Chile & Seed 
Company Farm in southeastern Arizona 

4 

For example, a pod may begin to 
develop at 1200 heat units and reach 
maturity at 2400 HUAP. Heat units 
in general are a measure of "thermal 
time," which is what a plant responds 
to as a primary growth factor. People 
follow calendars but plants respond to 
and internally record heat conditions, 
or HUs, according to Silvertooth. He 
and his colleagues, including Ph.D. 
graduate student Roberto Soto from 
Mexicali, who is working as a research 
technician, and son David Silvertooth -a UA engingeering student working 
as a research assistant - are establishing 
baseline figures for the HUs accumulated 
at these stages. They then correlate those 
measurements with the amounts of water 
consumed by the plant and with nutrient 
uptake requirements. The system also 
emphasizes pest management factors and 
chile genetics -the traits different chiles 
inherit and exhibit, such as flavor, degree 
of hotness, pod structure and other 
characteristics. 

Curry, whose breeding expertise is 
well -known in the chile industry, is 
combining his active chile breeding 
program with the ICM method on 
about 600 acres of irrigated chiles. In 
partnership with renowned breeder 
Phil Villa, Curry has developed almost 
all of the standard varieties used for 
canned green chiles in the United States, 
including the famous "Arizona 20." 
He supplies most of the seed for the 
green chile industry, and is breeding 
and refining lines of red chiles as well. 
The chile crop mix on his farm includes 
cayenne, jalapeño, paprika, ancho and 
several long green chile types, including 
Arizona 20. 

Traditional chile cropping methods 
typically follow a calendar schedule, 
where the seed goes in the ground 
in the spring and matures in the fall. 
As with any crop, growers vary the 
planting dates depending on air and 
soil temperatures. They also base their 
decisions on past experiences with a crop 
and their familiarity with their local soil 
and weather conditions. The technique 
Silvertooth and Curry are developing 
and testing builds on those principles 
by taking a closer look at the way the 
plants respond to outside stimuli (such as 
temperature) as they grow. 

"The dynamic nature of the chile 
plant is that it's indeterminate -it's 
very sensitive to environmental and 
management decisions," says Silvertooth, 
who also heads the Department of Soil, 
Water and Environmental Science in 
the UA College of Agriculture and Life 
Sciences. "For example, chiles will retain 
or abort fruit in response to current 
conditions. In particular, managing the 
vegetative and reproductive balance in a 
chile plant is critical. You need to know 
what is normal, how you measure it 
and what you should do about it. This 
is usually an `artistic' skill for growers. 
We are trying to quantify the process 
and develop a more systematic way of 
evaluating and managing a chile crop." 

Because this practice is new in chile 
production and information on water 
and nutrient uptake in chiles is limited, 
Silvertooth is generating a representative 
database that is regionally specific. He 
has conducted regular sampling of plant 
growth and development to get data 
at four locations in Arizona, including 
Curry's farm, and one in New Mexico. 

People follow 
but plants respond to 

and internally record heat 
conditions. 

During the growing season he takes 
plant measurements at 14 -day intervals, 
including crown formation, node 
number, plant height, branch lengths, 
number of fruiting branches formed, 
primary fork numbers, flower counts 
and chile counts. So far Silvertooth and 
his team have been able to map HU 
standards for first bloom, early bloom, 
peak bloom, fork and pod development, 
drymatter accumulation patterns, 
development of and production for 
green and red chiles and a harvest index 
for several chile varieties. He has also 
been measuring the amount of water 
and nutrients, including nitrogen, 
phosphorus and micronutrients 
the plant uses at each stage. That 
information will eventually give chile 
farmers a blueprint for predicting when 
each stage will take place. 
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Ed Curry displays a sack of his specially bred red 
chiles. 

"Jeff's out here every week, commonly 
even on Sunday afternoons, working 
to come up with a very accurate 
measurement of water usage throughout 
the growth cycle of the chile," Curry says. 
"His students usually are in the field once 
per week as well." 

"The plant is basically revving up full 
blast right before you get to peak pod 
set on chiles," Silvertooth says. "We've 
found that it uses the most water right 
before peak bloom and then begins to 
drop off at color change." The idea is to 
offer a crop production outline Curry 
and other growers can follow for timing 
irrigations, fertilizer applications and 
other operations. 

"Once you know the system and 
the basic patterns, you can adapt and 
respond according to the results you get 
from the monitoring," Silvertooth says. 
"The plant tells you what to do." Curry 
notes that he has seen a direct correlation 
that the chile appeared to need more 
water early on. 

"This research of Jeff's is very pertinent 
to the chile industry. As we understand 
how many heat units it takes to develop 

a pod, we'll know how much nitrogen to 
use and how much water to apply, Curry 
says. "And we can then speed up or 
slow down the plant's maturity, which is 

important in growing red chiles. At least 
that's our goal." 

The value of chile pepper production 
in Arizona totaled more than $9.7 million 
in 2004, planted on 5,600 acres. In 
Arizona jalapeños are grown in the low 
desert (below an elevation of 1,000 feet) 
and red/green chiles are grown in the 
southeast savannah area where Curry's 
farm is located, commonly at about 3,500 
to 4,500 feet elevation. 

Thanks to Curry's passion for research, 
which encompasses numerous other 
aspects of his crop, including disease 
control for the fungus Phytophthora, 
sprinkler versus drip irrigation, and other 
projects, Silvertooth has had access to a 

full -scale commercial operation to test his 
methods, a living laboratory for scientists 
and students alike. He has invited Curry 
to present guest lectures for his classes 
on the practical aspects of chile growing 
and breeding and he brings students to 
Curry's farm for field trips every year. 
Curry is now interested in having a 

student intern from the UA come out 
during the summer to participate first- 
hand in solving some of the production 
problems he's addressing with Silvertooth 
and other scientists. 

"We've found that it uses the 

most water right before peak 

bloom and then begins to 

drop off at color change." 

A founding member of the New Mexico 
Chile Task Force, Curry holds annual 
field days to demonstrate the results 
of his farm research to scientists and 
growers from across the Southwest "Chile 
Belt." The region spans southeastern 
Arizona, New Mexico, the Rio Grande 
Valley in Texas, and northern Chihuahua, 
Mexico. The ICM program for chiles 
has been a part of these field days, and 
Silvertooth has also presented it at other 
chile -related field days, workshops, 
conferences and grower meetings. He 
notes that funding has been hard to find 

for chile research, but he has secured 
some support in cooperation with the 
New Mexico Chile Task Force and the 
Fluid Fertilizer Foundation. He says 
chile ICM is a classic example of research 
that uses very scientific techniques, but 
the end result is that it's designed for 
application in the field -a true example 
of the land -grant mission of research and 
extension education in action. 

"Jeff's work here is making a very real 
difference in the production of pepper 
across the southwestern U.S. and even in 
Florida," Curry says. "It's actually going 
to help growers produce more yield of 
peppers, paprikas, jalapeños, cayenne 
and green chile. And the research we do 
isn't just about money -it also affects 
people's lives. We're helping family farms 
become more productive." m 

UA agronomist Jeff Silvertooth and grower Ed Curry 
confer during chile field day at Ed's farm in Cochise 
County, Arizona. They are testing an integrated crop 
management plan that helps build more consistency 
and predictability into the quality and quantity of the 

chile harvest. 

Contact 
Jeff Silvertooth 
520- 621 -7228 

silver @ag.arizona.edu 
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Birds 
of a 

Feather 

This wool buy at the Hard Rock Chapter on the Navajo 
Nation is an example of how craftspeople can better 

market their products by gathering together to meet 
customers. 

Market clustering 
and Arizona's economic future 

By Joanne Littlefield 

you see it everywhere without knowing it has a name. 
Businesses gear up in strategic locations along new 
transportation corridors. Scientists convene online to 

share the latest research data. Media outlets congregate close 
to government centers for easy access to information. Whether 
they know it or not, each of these groups is participating in the 
economic dynamic of "market clustering." 

The idea of market clustering has its roots in British economist 
Alfred Marshall's early twentieth century work. It became part 
of the common language in economics and regional planning. 
There has been a resurgence of interest in this concept after years 
of neglect. 

Over the past two decades economists and business scholars 
have taken notice of market cluster theory. They have examined 
how disciplines such as marketing and management might 
contribute to solving development problems in the least 
developed parts of the world, according to Eric Arnould, 
the research director for the Terry Lundgren Retail Center of 
the Norton School of Family and Consumer Sciences at the 
University of Arizona. 

Prior to coming the UA College of Agriculture and Life 

Sciences, Arnould was director of agribusiness programs at the 
University of Nebraska. While there he helped farmers and 

commodity groups discover the value of market clusters could 
have on their pocketbooks. Arnold has been following consumer 
and consumption trends worldwide for more than 20 years. As 

the PetSmart Distinguished Professor at the UA he brings a fresh 
perspective in analyzing the dynamics of the Arizona retail scene. 

During his early ethnographic research in the Niger Republic 
of West Africa Arnould took note of the way African crafts 
people and manufacturers were assembled. These potters, mill 
workers, weavers, smiths, dyers and tanners, he noticed, were all 
working close to one another. 

"In African marketplaces you'll often find people selling the 
same types of crafts, clustered together," he says. "These kinds of 
industries and crafts can be found all over the place in the least 
developed parts of the world." 

For years, economists generally dismissed the idea of cluster 
effects in developing countries as merely a result of the social 
relationships among artisans, such as membership in the same 
clan, tribe or caste. They weren't looking at how clustering 
applied to economic situations. Arnould, however, is especially 
intrigued with how cluster theory -as noted in places like 
Silicon Valley, Hollywood and other contemporary settings 
where similar businesses are situated near each other -makes 
sense in less developed parts of the world as well. 
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In developed parts of the world, 
modern market clustering shows up 
in the way new home construction 
in an area is followed by regional 
shopping malls, restaurants and other 
retail developments. Mall developers 
sometimes cluster like- businesses in 
"neighborhoods." 

What drives market clustering is a 

phenomenon economists call "positive 
externalities," explains Arnould. 
"This includes examining the benefits 
companies can reap from being near each 
other. In retailing we know that there is 
a reason why firms cluster together in 
shopping malls. There is a synergy that 
draws customers to them." 

Arnould went back to his field notes 
from the Niger Republic ethnography 
with a fresh eye when he began working 
with co- author Jakki Mohr, professor of 
marketing at the University of Montana, 
on the study "Dynamic Transformation 
for Base -of the -Pyramid Market Clusters." 
The team looked at how people with 
relatively low purchasing power in 
less -developed countries (the "base of 
the pyramid ") might group together for 
training, buying power, and expanding 
to new markets. Arnould and Mohr were 
able to suggest improvements to increase 
the economic vitality of these grassroots 
efforts. 

The existence of people, firms, 
technology and experience in a domain 
like water management, Arnould notes, 
is a perfect example of something that's 
ripe for catalyzing into a major cluster 
phenomenon. 

"There is a lot of knowledge in Arizona 
about irrigation and water management," 
he says. A great deal of work has already 
been done in the industry and there are 
many agriculturists, farmers, researchers, 
and companies who have substantial 
knowledge about irrigation, Arnould 
believes, though, that more could be 
accomplished through university - 
business partnerships. The creation of 
the virtual Arizona Water Institute in 
early 2006 is an example of the type of 
organizational grouping of people and 
targeting of natural leaders in such a 

cluster. 
Successful market clusters are 

grounded in the institutional, social 
and cultural makeup of an area. It's 
not enough for regional planners to 
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Established businesses try to stay afloat as light 
rail construction disrupts traffic in central Phoenix. 
An increased customer base is anticipated as 

commuters jump on and off the new train. 

What drives market 

clustering is a phenomenon 

economists call "positive 

externalities." 

New transportation corridors such as freeways 
and the Phoenix -to -Tempe light rail train give 

city planners. developers and business owners 
opportunities to create new businesses along the 
route. 

think something is a good idea for 
a community; community members 
themselves have to believe it will 
work. With that support secured, 
market clusters can provide a variety of 
benefits to a community. They can be 
organizational; they can come in the form 
of new or restructured leadership and 
new information, and can help create 
or remodel existing infrastructure. The 
intervention often provides a missing 
link essential to the success of a project, 
such as sharing of advertising expenses or 
negotiating power for goods. 

The clustering of craftspeople in 
native communities of the Southwest 
who wanted to find better ways to 
market their products provided perfect 
opportunities for organizational 
intervention. In one case, the Navajo 
tribal government became involved 
in creating the Navajo Cooperative. 
Similarly, on the Hopi reservation, tribal 
members initiated a community -building 
process to create the Hopi Pu'Tavi 
silversmithing project. This effort was 
facilitated by local Cooperative Extension 
agents. 

"To the extent that the Navajo 
Cooperative runs along the lines of 
traditional decision making and authority 
in Navajo society, it's more likely to be 
successful than one that is an imposed 
structure by outsiders," Arnould says. 

The retail and residential development 
that will follow the light rail system 
under construction in central Phoenix 
is another example of how targeted 
infrastructural intervention can affect 
cluster development. The means of 
transportation is created and the coffee 
shops, restaurants, bookstores and other 
retail outlets follow The light rail is 
external to all of the businesses that are 
around it, but it provides something they 
may not have had before, Arnould notes. 

"There is more ready access to a larger 
pool of skilled labor and a more ready 
flow of goods, services and information 
along that corridor." 

Contact 
Eric Arnould 
520 -626 -9670 

ejal @email.arizona.edu 
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University of Arizona range specialist George Ruyle 
has made his career counting and analyzing plant 
populations on rangelands -and teaching others 
to do the same. For many people the term "range- 

lands" conjures up images of cattle on open land, cattle drives and 
cowboys. But the condition of rangelands isn't just a matter for 
ranchers to consider. These vast areas dominated by grasses and 
shrubs actually serve multiple uses that include not only ranching 
but also farming, mining, recreation, and residential communities. 
Rangelands are especially vital to the watersheds and the people 
living downstream from them. 

Counting plants is one way to gauge the changes that have 
occurred. The process is simple: Ruyle marks off a plot 40 
centimeters square in several places across a grazing allotment. 
He notes the name and quantity of each plant and records this 
information for each plot. Over the years he returns to the same 
marked spots and measures again, noting changes in the density 
or the types of vegetation present. What he finds influences 
recommendations for grazing and other land uses. 

The painstaking work of assessing changes to the landscape 
by counting the number and type of plants is supported by 
new technology and techniques such as global positioning 
systems (GPS), digital cameras, satellite imagery and computer 
spreadsheets. As a researcher with the UA College of Agriculture 
and Life Sciences (CALS), Ruyle notes that the basics, however, 
remain the same. 

"Measuring the same thing over time -that sort of defines 
monitoring," he says. The changes found may include problems 
associated with an invasive weed species taking hold, or with 
parched land needing a rest from uses like animal grazing, or even 
a poisonous plant that may have cropped up that poses a threat to 
horses, cattle or other animals. 

Monitoring 
Ranqelands 

in Arizona 

Method 
assesses changes 

over time for better 
management 

By Joanne Littlefield 

"On the other hand," Ruyle explains, "conditions may have 
improved, with improved management, enough to warrant an 
increase in the number of livestock grazing in a particular area." 
In addition to their domestic animals like grazing cattle, ranching 
operations in Arizona also support deer, elk and other wildlife. 
Ranches are located on public and private rangelands, which 
together comprise approximately 86 percent of Arizona's total 
area of 62.4 million acres. The average herd size of a ranching 
operation in the state is about 200 head. 

"Measuring the same thing over time -that 
sort of defines monitoring." 

Over the years, through CALS research and outreach efforts, 
ranchers and other land managers have been able to develop site= 

specific rangeland monitoring protocols by using historical data, 
by analyzing local weather patterns and by studying rangeland 
conditions in detail. Scientists at the University of Arizona have 
spent more than a century studying and monitoring rangeland 
conditions in various parts of the state. 

Natural ecological systems throughout the Southwest have 
suffered from years of drought; rangelands are no exception. 
When a prolonged drought plagues the state, ranchers in Arizona 
respond by reducing the size of their cattle herds. Conditions over 
the past decade have led to reductions typically over 50 percent. 
But range plants are quite resilient if given the chance to recover, 
according to Ruyle. 

"Some parts of the state have suffered more than others," he 
says. For example, Graham County in east central Arizona has 
been drier than most parts of the state, although summer 2006 
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precipitation there was enough for the 
land to begin recovery, in terms of forage 
production," according to Ruyle. Mohave 
County in northeastern Arizona also had 
some relief from summer rains. 

"Adding to the complexity of land 
and water use issues," Ruyle says, "is 
the fact that the water table has been 
depleted due to several years of less than 
normal summer and winter moisture, and 
increased development, which depletes the 
groundwater." 

Staying on the cutting edge of land use 
management research led to the recent 
unveiling of an "adaptive management 
plan" at the UA's Santa Rita Experimental 
Range 30 miles south of Tucson. The 
plan focuses on how changes in grazing 
management can not only improve the 
condition of the land, but also the health 
of the animals that graze it. 

Following their own advice to 
clientele, the researchers conducted 
periodic monitoring on the range before 
formulating the new plan. They learned 
that plants are most likely to be harmed 
by grazing when they are actively growing. 
(For grazing planning purposes the 
summer growing season is determined to 
begin in a particular area when a pasture 
receives a half -inch of precipitation after 
June 15.) Thus one aspect of the plan calls 
for the elimination of year -long grazing 
to avoid repeated defoliation of individual 
plants during active growth, according to 
Ruyle. The strategy is to combine shorter 
grazing periods with strict cattle rotation, 
thereby allowing desirable forage plants to 
rejuvenate. 

After months of planning, the research 
team led by Ruyle initiated the new 
rotation schedule in fall 2006. The new 
plan is the latest in a long line of projects 
designed to integrate research with 
stakeholder participation and experience 
when managing rangelands. 

"We're hoping that all of the 
components of this adaptive management 
plan -including grazing schedules 
and computer spread sheets showing 
plant, soil, climate data and animal 
characteristics -will aid land use 
managers statewide in developing not only 
more precise forecasting but better use of 
resources," he says. 

Initial stocking rates under the new 
Santa Rita grazing management process 
were adjusted after Ruyle and his team 

Ú 
CI) 

á 

Rangeland transects are monitored using a 

standard 40 -cm- square "quadrat" which can be 
easily constructed of PVC pipe. The quadrat is 

placed on the ground and the presence of plants 
within the frame is counted and plant and soil 
surface characteristics are (bare, rocky, gravel, etc.) 
are recorded. 

looked at actual use through historic 
records. They based the new plan's 
initial grazing periods on calculations 
that use a modified version of a grazing 
plan published by Holistic Management 
International. 

"On the Santa Rita we are looking at 
estimates of total plant production at the 
end of the summer growing season as well 
as at available forage prior to entering 
each pasture," Ruyle says. The scientists 
will also monitor plant regrowth and the 
potential for regrazing during the growing 
season. Data collected from monitoring 
animal movement and distribution 
patterns, and from how well animals grow 
under various conditions will further aid 
the UA team in compiling a more complete 
picture of how an adaptive management 
plan might work on individual ranching 
operations. 

"Once data are collected and 
analyzed," Ruyle says, "the next step 
is to extend this model to rancher 
cooperators to see how it works in the 
private sector, out in the field." 

Contact 

QG 
iQ 

George Ruyle 
520 -621 -1384 
gruyle @cals.arizona.edu 

Rangeland Inventory and Monitoring 
cals. arizona .edu /agnic /az /monitoring.html 

Rangeland Monitoring 
Programs: Taking Research to 

the Community 
Beginning in 1978 range specialists from 

the UA began providing hands -on training 

through the Arizona Cooperative Extension 
Rangeland Monitoring Program. Since then 
hundreds of ranchers and natural resource 

agency personnel have participated in the 

workshops. George Ruyle, a range specialist 
in the UA School of Natural Resources, says 

the educational outreach was triggered by 

a controversy between the holders of the 

grazing permits and representatives from the 
land use and regulatory agencies. 

"There was just no good information on 

Arizona rangeland conditions that could 
be used to inform the debate," he says. In 

the past four or five years the program has 

been in especially high demand. Participants 
in Rangeland Monitoring Workshops have 

learned how to incorporate rangeland trend 
data when making decisions on how many 

cattle to move and where. This has resulted 

in the implementation of rangeland monitoring 
methods on private, state and public land 

grazing allotments as well as an increased 
interest in rangeland monitoring in general. 

Based on experience developed through 
their own monitoring efforts in the field, 

UA scientists recommend on- the -ground 
monitoring once a year at the same time every 

year. 

"Fall is the best time because plants are 

more easily identifiable during that stage of 

growth," Ruyle notes. By monitoring annually 
for a number of years, ranchers learn to spot 

subtle changes over time. The training focuses 

on the entire scope of monitoring efforts -"why 
you monitor, where you might monitor, what 

kind of things you would select to monitor," 

according to Ruyle. "We also include the kinds 

of soil and vegetative attributes that you would 
monitor." 

Another educational program called Range 
101, Arizona Guide to Range Management 

and Analysis was assembled in coordination 
with the Arizona Cattle Growers Association 
and various land management agencies in 

Arizona. These workshops present basic 
concepts that have practical management 

applications, such as rangeland ecology, 
soils, animal nutrition and policy issues. By 

first understanding these concepts, each 
range manager can then develop individual 
range management plans for their ranches 

and grazing allotments and adjust them on an 

ongoing basis. 
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Cooling 
COWS 

The Parker Agricultural Research Complex includes light and temperature 
controls that exactly mimic natural conditions on a hot summer day in the 
Arizona desert. Researchers are able to monitor carefully the cows' responses 
to environmental changes. 

A metabolic approach to managing heat stress 
By Susan McGinley 

Cows don't produce a lot of milk when it's 110 degrees 
outside. Huddled in the shade, they pant and drool, 
lapping up water instead of eating their food. For 

both cows and farmers, the heat isn't just an inconvenience. This 
behavior reflects biochemical changes going on inside the cows 
that cause them to reduce their milk yield and calf production. 

Heat stress costs the Arizona dairy industry about $20 -30 
million in reduced production annually during the summer. 
Nationwide, the costs run close to $900 million and global costs 
are in the billions. 

Traditionally, dairies have tried to prevent heat stress by 
providing the animals with shade, water and fans. These external 
precautions are still the first defense, but a research team in the 
University of Arizona College of Agriculture and Life Sciences is 

looking at the problem from inside the cow. They want to find out 
how the cow's metabolism reacts to heat. 

"The animal will do what it can metabolically to survive," 
says Lance Baumgard, a scientist in the Department of Animal 
Sciences. "The mammary gland of the lactating cow needs glucose 
to make lactose. However, the cow's body -the muscles and vital 
organs -try to burn as much glucose as possible to minimize heat 
production. As a consequence, the mammary gland doesn't get 
nearly the amount of glucose it needs and the milk yield goes way 
down." 

Cows overheat when their body temperature rises from a 

normal average of 101 degrees to about 103 degrees or higher. 
Blood hormone concentrations change and, just like in humans, 
there is an increased evaporated water loss from the skin. When 

the heat persists, other changes follow. The cow's body condition 
is reduced, its immune system is lowered, milk production 
decreases, chance of conception drops, and there is increased 
incidence of spontaneous abortions and a high death loss. 

Through a series of heat -stress trials in specially designed 
environmental chambers at the UAs William Parker Agricultural 
Research Complex (ARC) in Tucson (see sidebar) Baumgard and 
his colleagues have begun to discover exactly what happens to the 
cow's metabolism under heat stress. Baumgard leads a team that 
includes new animal sciences faculty members Robert and Shelly 
Rhoads and a large group of graduate students. Additional faculty 
research in this facility includes a team headed by Sean Limesand, 
focusing on the impact of thermal stress on fetal development, and 
studies on the effects of heat stress on gene expression in cattle, 
headed by Robert Collier. 

The research is sponsored by United Dairymen of Arizona, 
USDA, Monsanto, Eli Lilly, Balchem, the Arizona Agricultural 
Experiment Station, and other industry support. 

"These are the best large animal environmental chambers in the 
world," Baumgard says. "The UA has this facility and nobody else 
does. This building has allowed us to make these discoveries." 

The ARC holds 12 animals at a time in separate chambers 
outfitted with temperature, light and humidity controls that 
mimic outdoor conditions, including full -spectrum sunlight. The 
researchers bring in two groups of cows to the chambers; half 
are placed in thermal- neutral conditions with no heat stress, and 
the other half undergo conditions that mimic a typical July day 
in southern Arizona -conditions that are identical to those that 
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dairy cattle might normally experience 
in Maricopa County, for example, where 
temperatures reach 105 degrees during the 
day and 95 degrees at night. 

"We compare thermoneutral and heat - 
stressed cows, measuring levels of insulin, 
growth hormone, epinephrine, glucose 
and other factors," Baumgard says. The 
researchers have found that as cows eat 
less -one of their first responses to heat 
stress -their bodies begin to preferentially 
burn glucose. In contrast, an underfed 
cow in thermal neutral conditions burns 
fat. Since animals need glucose for energy, 
heat -stressed cows go into a negative 
energy balance. 

"We've discovered that glucose 
production in a heat -stressed animal is of 
utmost importance," Baumgard says. 

The team has found that one of the 
typical signs of heat stress -a cow's 
tongue hanging out -actually points to 
a serious internal problem. When a cow 
breathes heavily and drools, it eventually 
dehydrates and produces less saliva. This 
reduces the buffering capacity in its mouth 
as it eats, and in turn changes the pH 
balance in the cow's rumen. A condition 
called rumen acidosis develops, which is 
similar to an "upset" stomach in humans. 

"We're still trying to characterize the 
changes going on and we're naming these 
changes," Baumgard says. "If we have a 

better understanding of the biological 
reasons why heat stress reduces milk 
yield, we will have a better idea of how to 
alleviate it." Results so far have indicated 
that heat stress reduces feed intake by 
30 percent and milk yield by 45 percent. 
The cow's lack of appetite, leading to 
underfeeding, reduces milk yield by 19 
percent. The research has also shown that 
heat stressed cows require extra energy, 

The lab at the Parker Agricultural 
Complex includes two bays for 
observing cows. These can be 
checked from windows on either 
side of the computer stations set 
up to monitor their temperature 
and other bodily functions. 

and they are more insulin sensitive, 
although it's not yet clear why. 

The goal is to use these findings to 
improve or adjust the cow's metabolism 
through dietary strategies that will enable 
it to withstand heat stress, according to 
Baumgard. For example, there could be 
a way to enhance digestion to increase 
energy, or to improve the body's utilization 
of glucose. Dietary regimes that increase 
glucose production or reduce insulin 
sensitivity may increase milk yield, 
because milk production is dependent 
on nutrient availability. The feed and 
pharmaceutical industries are interested in 
this research because of the huge market it 
represents for introducing possible feed or 
veterinary supplements. 

A condition called rumen 

acidosis develops, which is 

similar to an "upset" stomach 

in humans. 

Baumgard notes that any new 
techniques for reducing heat stress in 
dairy cattle would still be implemented in 
tandem with the shade and evaporative 
cooling systems during the summer 
months. 

"Heat stress is a burden that's 
unparalleled in our industry," he says. 
"This research has generated a lot of 
interest, especially in Arizona, which is 
understandable when you consider that 
a typical dairy with 3000 cows loses 
approximately 10 pounds of milk per 
day during the three summer months, 
equaling approximately 270,000 pounds. 
With a milk price of 12 cents a pound, 
that's $337,000 in costs to the dairyman." 

The William J. Parker Agricultural 
Research Complex 

The William J. Parker Agricultural Research 

Complex (ARC) is a highly specialized structure 

designed for the study of environmental factors 

affecting livestock performance. Managed by 

the UA Department of Animal Sciences, the 

multipurpose building features highly advanced 

environmental controls for light, temperature, 

humidity and other factors that will allow faculty 

to conduct integrated studies in physiology, 

biochemistry, nutrition and molecular biology. 

The complex includes two rooms equipped 

with full- spectrum solar lighting that simulates 

almost exactly the intensity and radiance of 

sunlight. There are also surgical facilities for 

treating sick and injured livestock, offices and 

meeting areas for faculty and students and 

holding areas for livestock. Once all construction 

is complete, the building will gross 46,560 square 

feet. 

The facility was named in honor of William 

J. Parker, who moved to the United States from 

Ireland in 1921. His family has operated dairies 

in Arizona and California under Shamrock Dairy, 

and also owns and operates Parker Dairy in 

Congress, Arizona. According to Parker's son, 

Jim, the family chose to support the ARC to 

acknowledge the research and extension help 

they have received over the years from the 

UA College of Agriculture and Life Sciences. 

By sponsoring research that will improve dairy 

production, the Parkers' gift also supports the 

agricultural industry that has benefited their 

family for generations. 

Dairies in other and regions of the world 
stand to benefit as well. 

Baumgard is the first scientist to 
systematically evaluate the impact of 
thermal stress on the metabolism of dairy 
cows. However, his research extends 
beyond the dairy industry For example, 
although beef producers traditionally 
haven't concentrated on cooling feedlots, 
Baumgard says this research should 
transfer to "how we handle and feed all 
heat -stressed animals, including other 
breeds of livestock besides the big dairy 
breeds." 

"It's a long -term project, wide open to 
major advances and we plan on making 
significant contributions," he says. "We'll 
be in this for a few years." 

Contact 

Lance Baumgard 
520 -621 -1487 
baumgard@ag.arizona.edu 
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Array of endophytic fungi growing on Petri dishes 

They hide inside leaves, living silently and invisibly, 
only revealing themselves when forced to grow on a 

laboratory agar plate. Then they burst forth, their silvery, 

threadlike growth expanding into a nimbus of unexpected color. 
Endophytic fungi are among the world's least understood plant - 
associated fungi, living within leaves and stems without causing 
disease. These tiny fungi are found in trees, grasses, crop plants 
and shrubs all the way from arctic tundra to tropical rainforests, 
but only recently have their diversity, potential benefits for plants 
and applications in biotechnology been discovered and explored. 
That potential is vast and untapped. 

"What's really remarkable about these fungi is that they live 
inside plants without harming their hosts, and in many cases 
protect those plants against invasive pathogens," says Betsy 
Arnold, an assistant professor of Plant Pathology and Microbiology 
in the University of Arizona College of Agriculture and Life 

Sciences, and curator of the Robert L. Gilbertson Mycological 
Herbarium. 

"Think about that when you see green leaves -or woody trunks 
-or even cactus pads around you. Endophytes are ubiquitous 
among mosses, liverworts, ferns, conifers, and flowering plants. 
And plants that look perfectly healthy on the outside in fact can 
harbor dozens or hundreds of these fungi, the vast majority of 
which are expected to be new to science." Arnold collects and 

The 
Diversity Inside: 

Cryptic 
Fungi 

on the 
Navajo Nation 

Native American students 
contribute to a new area of 

biodiversity discovery 
By Susan McGinley 

studies the ecology, evolution, and taxonomy of these mysterious 
endophytic fungi by the thousands. 

"I got hooked on these when I was a graduate student and 
haven't looked back," she says. "We've got 12,000 isolates living in 
the lab, representing several thousand species of fungi harvested 
from all over -from tiny plants in the tundra to chocolate trees in 
tropical agroforestry systems." 

Over the past decade she has gathered these organisms from 
healthy plants in taiga (boreal coniferous forests); southeastern 
deciduous forests; montane ecosystems in the Appalachians, 
Canadian Rockies, and western US; the hyperdiverse rainforests of 
Costa Rica and Panama -and even from cultivated plants on the 
UA campus. 

"I'm really a field biologist at heart," Arnold says. "The 
questions are satisfying and the applications in agriculture and 
pharmaceutical research are promising. But for me, the best part 
is collecting, and then getting to see these unknown organisms for 
the first time." 

One special aspect of studying endophytes is that while divining 
their ecological roles or applications is a complex process, many 
of the techniques needed to gather them are straightforward 
and are well- suited for student researchers. Arnold capitalized 
on this during the summer of 2006, when she initiated a special 
collaboration with Diné College on the Navajo Nation. 
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Undergraduate volunteers Claire Heinitz, Kelly Farrell, Amanda Way, and 

Liang Shen in the Chuska Mountains. Navajo Nation 

"We drove a sterile lab and all of the tools needed for molecular 
biology up to the college in the back of a pickup truck," she says. 
And before long, six Navajo students were at work in a ten -week 
research program with Arnold, collecting leaves from native plants 
and isolating cryptic fungi from them. 

"Their task was to get to know the biodiversity that hides out 
within the plants of the Navajo Nation. We looked at a completely 
understudied group of endophytic fungi," Arnold says. "Soon the 
chemistry lab at the college was full of students extracting DNA 
and running PCR (the polymerase chain reaction), and coming in 
from the nearby mountains with more plant species to sample." 

Several studies suggest that Native American students from 
reservations succeed when they complete their education 
on- reservation and contribute directly to their communities. 
Because many students at Diné College could not travel to major 
universities for research training, two Diné College faculty - 
Barbara Klein and Mary Shimabukuro - worked with Arnold 
to bring the laboratory to the students instead. Funding came 
from the USDAS competitive Tribal College Grants program. The 
grant proposal developed by these three scientists had its roots in 
Shimabukuro's internship in the Arnold lab in 2005, which was 
supported by the Arizona Biology Network. 

Recognizing the special opportunity encapsulated by living 
and working on the Navajo Nation, Arnold and her graduate 
students trained student peer -mentors who worked almost one - 
on-one with the Diné students to achieve the research goals of 
the project. These peer mentors, including three undergraduates 
from Duke University and one from the UA, volunteered for three 
weeks. During that time they lived in a hogan and assisted the 
Diné students in the field and lab. Together, the team completed 
ecological surveys, assessed plant diversity, gathered data on soil 
characteristics, and collected fungi from native plants. 

"They collected over 600 fungi, and based on their DNA 
sequences, it looks like the vast majority are new species," Arnold 
says. "We surveyed endophytic fungi from a variety of native plants 
in the Chuska Mountains near Tsaile -effectively the students' 
backyards. It opened their eyes to this hidden biodiversity in the 
resources of their land." 

The research team brought leaves back to the mobile laboratory 
at Diné College and washed each with a series of chemicals to kill 
any fungal spores on the leaf surface. Each leaf was cut into small 
pieces that were placed on a sterile growth medium. Over time, the 

fungi grew into the medium, extended into branches and blew out 
into starburst formations on the plates. Tiny pieces of each culture 
are now stored as a living library in the Gilbertson Herbarium and 
at Diné College, where they are available for further study. 

In nature, endophytes produce spores from dead plant tissues. 
The spores then swirl around in the air, some landing on leaf 
surfaces, where they attach and grow into plants. Because the fungi 
only rarely sporulate in culture, the students had to sequence their 
colorful isolates to identify them. 

"This provided a great opportunity to integrate both field ecology 
and molecular biology into the Diné College curriculum," says 
Arnold. "And by using molecular tools to identify these fungi, 
the students provided a key piece of information needed for us to 
determine the evolutionary origins not only of endophytes, but of 
closely related pathogens." These fungi are now a part of the living 
collection that Arnold and her graduate students study as part 
of a larger program examining the evolution of beneficial fungal 
symbioses. 

"We are realizing that these fungi are linked in an evolutionary 
sense to virulent pathogens, including many that are important in 
agriculture," she says. "My hope is that they will show us just what 
makes a pathogen a pathogen, and how we might `turn off' that 
pathogenic activity in species or strains that cause disease." 

This type of research typifies what Arnold has done for the past 
decade. Most notably, in 2003 she and a team of scientists from 
the Smithsonian Tropical Research Institute in Panama discovered 
that endophytes from cacao (chocolate) trees can be helpful to their 
hosts. 

"We found that natural assemblages of endophytes protect cacao 
trees against infections by Phytophthora, a virulent pathogen. 
An exciting aspect of that work was not that we found a `silver 
bullet' but that defense was imparted by many endophyte species 
living together," Arnold says. 

In addition to the project on the Navajo Nation, which has 
already received funding for 2007, other projects in Arnold's 
program include a study examining how beneficial fungi protect 
seeds from decay and death in tropical soils. She also heads a 
project examining the role of bacterial endosymbionts (bacteria 
living within the fungi themselves) in shaping fungal virulence. 
And she's working with collaborators at the UA and beyond 
to explore potential applications of fungal endophytes in drug 
discovery and biological control. In the meantime, she manages 
ongoing efforts to catalogue the diversity, ecology, and evolutionary 
history of these little -known beneficial fungi in ecosystems from 
Arizona to western Africa. 

"By studying these fungi we're finding a new appreciation for 
the diversity of life on earth, a new source for potential medicines 
and other useful products, and a new framework for understanding 
plant ecology, physiology, and evolution," Arnold says. "For me, 
that means a new understanding of what it means to be a plant." e 

Contact 
Elizabeth (Betsy) Arnold 
520 -621 -7212 

arnold @ag.arizona.edu 

Robert L. Gilbertson Mycological Herbarium 
cals.arizona.edu /mycoherb 
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All Creatures 
Great and Small 

...and Endangered 
Tracking squirrels in Arizona 

By Joanne Littlefield 

Arizona is home to (I -r) Arizona gray, Mt. Graham red, Abert's and Mexican fox 

squirrels. 

Ecologists from the University of Arizona trek through the 
high elevation forest, looking for signs of squirrels -from 
the small rare fox and endangered red to the larger -bodied, 

non -native Abert's and Arizona gray. They want to know what the 
squirrels like to eat, where they prefer to live, how far they range and 
what effect fire and predation have on their lifestyle. Providing such 
data to federal, state and private land managers can assist them in 
developing more scientifically based plans for managing resources. 

Because the success of the research depends on being able to 
gather data regularly from the squirrels, the first step for students 
and faculty from the School of Natural Resources is to familiarize the 
squirrels with live traps. First they leave the traps open to offer easy 
access to treats such as peanuts or peanut butter. When the team is 

ready to collect biological data they'll set the traps and check them 
every one to two hours. 

Most of the squirrels in the Southwest are diurnal- they're active 
during the day. In summer they are most active during the cooler 
parts of the day, thus in high summer the research team of seasonal 
technicians and graduate students sets up the traps first thing in the 
morning, soon after sunrise. 

"We focus on this morning period when they've been in the nest 
all night, and their stomachs are relatively empty," says conservation 
biologist John Koprowski. A professor of Wildlife and Fisheries 
Science in the School of Natural Resources of the College of 
Agriculture and Life Sciences, Koprowski is also director of the Mt. 

Graham Red Squirrel Monitoring Project. 
"They come out and usually go through a big foraging bout of a 

few hours where they just are exploring, trying to find food. Males 
are out looking for potential mates and kind of tracking the females." 

Monitoring takes place throughout the year. A quarterly trapping 
effort in March, June, September and December is designed to 
catch as many animals as possible to assess their survivorship and 
reproduction. The squirrels are also monitored at times when they 
are reproducing and the females are nursing their young. 

UA conservation biologist John Koprowski guides a Mount Graham red squirrel 
into the canvas bag he developed to keep squirrels calm during capture and 

measurement. 

The squirrels are captured, weighed, categorized, tagged and 
outfitted with a radio collar and transmitter, and then released. Their 
individual radio stations give biologists a peek into just what they're 
up to. "Radio Squirrel" allows researchers to learn about such things 
as precisely which type of tree is preferred as a home and a pantry, 
how far is just far enough to wander looking for food or a mate, and 
how many young might be born at different times of year. 

"I can't wait to see where he goes and where he lives," says 
graduate student Seafha Blount, as the squirrel scurries away. This is 

her first year of developing data from squirrel middens, habitat plots 
and radio telemetry. Her graduate research will compare burned and 
unburned areas on Mt. Graham. 

"That's the best, these first few days," Koprowski responds. He has 
worked with squirrels since he was an undergraduate at The Ohio 
State University. He was well -settled in his career in Oregon in the 
mid 1990s when the National Park Service tapped him to study the 
rare Mexican fox squirrel in the Chiracahua Mountains for a summer. 
He packed up his family for the summer, returned a second summer 
and in 2000 made the move permanently to Arizona. 

Much smaller than their eastern and northern relatives, the 
squirrels of Arizona live and die by the health of the "sky island" 
forests. The term was coined in 1967 for mountaintops of forest 
surrounded by desert and grasslands in the Southwest. When 
drought, fire or insects strike, the squirrels often react by having 
fewer offspring. Thirteen distinct mountain ranges in Arizona are 
categorized as isolated sky islands. Koprowski is studying and 
overseeing student research projects on squirrels, other mammals 
and reptiles in four of these sky islands. 

"Much like the miner's canary, squirrels can tell us if the forest is 

changing and what directions some of those changes are going in," he 
says. "They are well- adapted to forest life and require mature, healthy 
forest to be able to survive." 

There are five different squirrel species (or subspecies) of interest to 
UA biologists, ranging from introduced and nuisance species to those 
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that are indigenous, rare or endangered. In 
the case of the Mexican (Sciurus nayaritensis) 
and Chiricahua fox squirrels (S. nayaritensis 
chiricahuae) and the Mt. Graham red squirrel 
(Tamiasciurus hudsonicus grahamensis), the 
populations have dwindled to the point that 
extra care is taken in trapping and handling 
them. Over the past 20 years Koprowski has 
developed a method that keeps the animals 
calm so the researchers can gather important 
biological data. 

"We run them into a handling device 
that covers their eyes, and their heart rate 
drops," he says. Koprowski uses a triangular - 
shaped canvas bag that holds the squirrel in 
close, dark and tight quarters. "They get real 
mellow and we handle them quickly, less 
than five minutes." The goal is to get them 
back out into nature and their territory as 
quickly as possible. "Because we're dealing 
with an endangered species -that's critically 
endangered with only 199 left-we've 
got to take extra care that these things are 
protected," Koprowski says. 

His capture and release techniques 
work for a variety of different species and 
have been so successful that he now has 
permission from the US Fish and Wildlife 
Service to handle species that are rare and 
endangered. 

"As you can imagine, they are quite 
reluctant to hand out a permit to just 
anyone," he notes. "We had to prove my 
techniques and demonstrate that we could 
handle these guys safely" The end result 
is that Koprowski can obtain important 
ecological information with minimal 
detriment to the animals. 

Squirrels studied in other parts of the 
United States and Canada usually live 
between five and six years in the wild, 
or up to 20 years in captivity. But in 
Arizona, through the use of radio telemetry, 
researchers have found that a lifespan 
of more than two years is rare. One year 
is spent growing up and another on the 
various adult things that squirrels do: 
finding a home, finding a mate, and raising 
young. 

"That tells you something is very different 
from areas where they are living five or six 
years," says Koprowski. "And we think part 
of that something is predation pressure - 
many of these animals die as raptor food." 

Two of the raptor species that are feeding 
on the endangered Mt. Graham red squirrel 
are actually limited in numbers themselves. 
Goshawks are a protected species and 
the Mexican spotted owl is a federally 

threatened species, which complicates some 
of the management schemes, according to 
Koprowski. 

"If you're trying to increase spotted owl 
populations, one of the things you'll want 
to do is promote conditions that increase 
food availability," he says. "Yet that food is an 
endangered species." 

Summer wildland fires are another 
threat to the squirrels, especially because 
they occur at the worst possible time. The 
squirrels reproduce when food is most 
abundant, so their ecology is very well - 
timed with the Arizona monsoon season in 
part because the trees they eat from have 
also timed their ecology with the monsoons. 

"Much like the miner's 
canary, squirrels can tell us 

if the forest is changing and 
what directions some of those 

changes are going in." 

"That moisture is what allows the trees to 
protect themselves from insects, to produce 
larger seed crops and seeds of higher 
quality, and that in turn feeds back upon the 
squirrels whose primary food sources are 
tied to trees and tree seeds," Koprowski says. 
Mushrooms, a secondary staple for squirrels, 
sprout during the monsoons as well. 

The fires on Mt. Graham in the Pinaleño 
Moutains at the end of June 2004 struck 
at the end of the dry season, when a lot of 
the habitat was supporting nursing females 
and their litters. Losing all those young 
animals that would have been recruited 
into the adult population was a huge blow, 
"especially when we know that animals up 
here already don't live as long as they might 
in other areas," Koprowski says. "Every 
individual becomes very important when 
the turnover of the population is very quick 
with high mortality" 

In the case of the Pinaleño Mountains, 
wildfire reduced the suitable habitat by 
between 25 and 40 percent. Koprowski and 
his students are attempting to assess just 
how much impact those fires had. They are 
studying the effects of fire not only in the 
Pinaleño Mountains, but in the Chiracahuas, 
Huachucas, Catalinas and Rincons as well. 
The US Forest Service, Arizona Game and 
Fish and the US Fish and Wildlife Service 
all have responsibility for management and 
conservation decisions. 

Graduate student Seafha Blount uses radio telemetry 
to locate squirrels on Mt. Graham in eastern Arizona. 

"One of the challenges with any species 
is knowing enough about them to be able 
to develop a management plan that will be 
successful in the long term for the species, 
to permit it to persist," Koprowski says. He 
provides the data he collects to different 
governmental agencies in the hopes that 
they will make decisions informed by 
scientific research. 

Since 1989 UA researchers have been 
gathering population information about 
the Mt. Graham red squirrel. In the past 
five years, aided with radio telemetry 
and geographical information systems 
(GIS), Koprowski and his award -winning 
research team of graduate students have 
been able to add considerable wealth to the 
data. What they learn on Mt. Graham -a 
relatively simple system primarily under 
the stewardship of the US Forest Service 
with few private developments-can be 
transferred to other ecological settings. 

"You know, this is just a single 
mountaintop, a few hours from the nearest 
major city," Koprowski says, "and so to me, 
we need to be able to get it right here if we 
want to be able to get it right elsewhere." E 

Contact 

John Koprowski 
520 -626 -5895 
squirrelr @ag.arizona.edu 
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Chemical 
Defenses in 

Herbs 
Spices 

Tracking biosynthetic pathways 
for human health 

By Susan McGinley 

The sweet basil that tops your spaghetti sauce, the ginger 
blended into your pumpkin pie, and the turmeric 
mixed in your potato curry add more than just taste. All 

three of these culinary flavorings contain powerful compounds - 
eugenol, gingerol and cucurmin, respectively -that can fight 
certain types of inflammation, infection and other threats to 
human health. People have used these and other herbs and spices 
for thousands of years, not only to flavor and preserve their food, 
but also as medicine (see sidebar). 

Of more immediate interest to the plants that produce these 
substances is their own survival. They create compounds called 
phenylpropanoids that include not only eugenol, gingerol and 
cucurmin, but also hundreds of others, to defend themselves 
against animals and microorganisms like bacteria and fungi. 
Scientists at the University of Arizona are studying the chemical 
properties of herbs and spices to find out not only how these 
protective compounds work, but also how and where they are 
synthesized in plants. 

"I'm very interested in how plants interact with the 
environment, and how they do that chemically," says David Gang, 
a professor in the University of Arizona's College of Agriculture 
and Life Sciences, and a member of the UAs B105 Institute. Gang 
has studied the formation of phenylpropanoids in plants like 
sweet basil, ginger and turmeric for more than a decade. 

"How is it that plants are able to defend themselves without 
being able to get up and run away? They do that with chemical 

David Gang holds fresh ginger rhizomes that contain active anti - 

inflammatory compounds called gingerol and shogaol. 

warfare: antibacterial, antifungal, antimicrobial," he says. "They 
can also deter animal and insect feeding." Plants create defensive 
compounds by synthesizing them along specialized pathways that 
are still not fully understood. Gang wants to find out how these 
pathways work, and how that process is controlled in plants that 
have been a part of ancient cuisines and traditional medicines. 

"Many of the herbs and spices used in cooking were originally 
used to preserve food, and were quite valuable," Gang notes. 
"Columbus set sail for southeast Asia in search of cloves, 
cinnamon and black pepper, which were worth a lot of money. 
Those spices produce a lot of antimicrobial compounds, plus 
they preserve meat and keep you from getting sick. But in 
my lab we're not medical doctors. We're really interested in 
understanding how the plants actually make these compounds." 

Several federal institutions are also interested in the results. 
Funding for this research comes from the National Science 
Foundation for ginger and turmeric, and from the National 
Science Foundation and the USDA for basil. 

Intrigued by such a vast, unexplored field, Gang began 
postdoctoral work in 1999 on eugenol biosythesis in sweet basil 
with Eran Pichersky, a professor at the University of Michigan. 
Gang has continued this collaborative research at the UA not 
only with Pichersky, but also with other scientists from the UA, 
Washington State University, Purdue University, the Salk Institute 
for Biological Studies in California, and the Max Planck Institute 
in Germany. Gang has several graduate and undergraduate 
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Turmeric inflorescence (left). Turmeric extracts contain 
cucurmin, a compound that has powerful antioxidant, 
anticarcinogenic and anti -inflammatory properties. 

:..... 

Active Compounds in 
Basil, Turmeric and Ginger 

The following compounds are responsible 
for the characteristic flavor of the herbs and 

spices that contain them. Here are just a few 

of their healing properties: 

Eugenol is the active ingredient in sweet 

basil, cloves, cinnamon and nutmeg. It 

serves as an antioxidant in food, fights 
inflammation, and also has analgesic, 

antiseptic and anesthetic applications in 

dentistry. Tulsi, or Holy Basil, which contains 

eugenol, has been used as the principal 
herb in Ayurvedic medicine for centuries. 

Cucurmin is the active ingredient in 

turmeric that gives many dishes in Indian 

cuisine their traditional golden orange color. 

Turmeric has been used in India for more 

than 5,000 years. Hundreds of studies show 
that cucurmin has powerful antioxidant, 

anticarcinogenic, and anti -inflammatory 
properties. It holds promise for treating 

arthritis, halting tumor growth, reversing 

some of the effects of cystic fibrosis, and 

inhibiting HIV reproduction in the body, 

among other uses. 

Gingerol and shogaol, the pungent active 
compounds in ginger, are highly effective 

against nausea, including motion sickness 

and morning sickness in pregnancy. Ginger 

originated in Southeast Asia, where it has 

been used for more than 2,000 years as an 

anti -inflammatory agent to treat headaches, 

stomach ailments, joint pain, and other 
problems. 

Note: The herbs and spices mentioned above 

also contain other active compounds. 

Contact 

David Gang 
520 -621 -7154 

gang @ag.arizona.edu 

students, as well as post -doctoral fellows 
working on these projects in his lab. 

Although several different plants make 
eugenol, the researchers needed one that 
could be grown easily and studied live 
in Tucson. Cloves, which produce the 
most eugenol, were eliminated because a 
clove tree takes 20 years to make cloves. 
Instead, sweet basil (Ocimum basilicum) 
was chosen because it contains a fair 
amount of eugenol and thrives in hot 
climates. It originated in the Middle 
East where it still grows wild. Gang 
and his team planted basil in a rooftop 
greenhouse on the UA campus and 
harvested leaf samples to study in the 
laboratory. 

It turns out that microscopic "dots" on 
the surface of basil leaves are actually tiny 
factories that produce eugenol. 

Cloves, which produce 
the most eugenol, were 

eliminated because a clove 
tree takes 20 years to 

make cloves. 

"We've been isolating the tissue where 
these compounds are made, in a special 
structure on the leaf called a glandular 
trichome," Gang says. "We've been able to 
remove the trichomes from the leaf and 
separate them into fractions that produce 
the compounds. We sequence their 
RNA to get an idea of the genes that are 
expressed in the trichomes and involved 
in the biosynthesis of the compounds. 
This is creative, translational biochemistry, 
with a genomics approach." The team also 
determines which enzymes the trichome 
produces, and in turn, which compounds 
result. 

"We've identified all of the genes 
involved in making eugenol," Gang says. 
Results of this research were announced 
in June, 2006. 

"Now we can take those glandular 
trichomes, isolate them from other 
types of cells and use them as a model 
to study metabolic pathway systems 
in living organisms. These are the best 
systems to work with for doing that, in 
my opinion. The basil system is good for 
understanding the basics." 

The active ingredients in ginger and 
turmeric, which accumulate in the 

underground stem of these plants called 
the rhizome, are not as easy to figure 
out. Research results will take more time 
not only because the plants are more 
complex, but also because they just take 
longer to grow. 

"In ginger and turmeric we're still at the 
stage of figuring out how the medicinal 
compounds are formed," Gang admits. 
"We do know that just a couple of steps 
are needed to produce curcurmin from 
common building blocks in all plant 
cells." 

All of this research is aimed at finding 
ways to engineer plants metabolically to 
make compounds for food, health, energy 
and industry, according to Gang -the 
building blocks for interesting products. 

"We have pretty good means for 
engineering the plant to make different oil 
profiles, such as in corn and soybeans," 
he says. "But, how can we make plants 
better at making feedstocks for fuel 
or other industrial applications? I'm 
interested in being able to utilize plants 
to make products that we as humans 
think are interesting -perfumes, plastics, 
medicines, flavors, and so on. 

"Instead of using a chemical factory 
that could emit pollution, we could do 
it in a living plant, and basil helps us 
understand how that could be done. We 
know enough now to know we still need 
to know more. Basil is a good model for 
understanding how metabolic pathways 
operate inside a single cell." %.0" 

Sweet basil grown in a UA greenhouse yields leaves 
high in eugenol, a compound with analgesic, antioxidant, 
anti -inflammatory and anesthetic applications. 
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New 
Leads for 
Cancer 

Drugs 

Lee Wisner, technician, (left) and Margareta Berggren, 
laboratory manager and coordinator for the diabetes /cancer 
research program, maintain cancer cells under sterile hood. 

Targeting a specific biochemical 
pathway in tumors 

By Susan McGinley 

Tumor cells don't play by the rules that other cells 
have to follow They grow and multiply unchecked 
because the mechanisms that regulate cell growth and 

program cell death have been turned off, making the renegade 
cells "immortal." Cancer researchers are focusing on the role of 
particular enzymes involved in this biochemical malfunction 
to find new ways to halt or kill malignant tumors. Generally, 
enzymes play a key role in the signaling pathways of individual 
plant and animal cells. 

Scientists at the University of Arizona have identified a new 
series of compounds that can halt the action of a specific enzyme 
called protein kinase B, also known as Akt, in cancer tumor 
cells (see sidebar, opposite). Their findings have been patented 
and will soon reach the clinical testing phase for the treatment 
of patients afflicted with cancer. The research is funded by the 
National Institute of Health and the Arizona Biomedical Research 
Commission. 

"We're targeting a specific pathway that's out of control in 
many cancers," says Emmanuelle Meuillet, an assistant professor 
in the Department of Nutritional Sciences and the Department 
of Molecular and Cellular Biology. "Many scientists have tried to 
target the kinase domain of Akt and have been unsuccessful. Our 
approach is original because we're looking at Akt's PH domain 
instead. No one has done this before." 

The "PH" in "PH domain" is an abbreviation for the longer 
biochemical term "pleckstrin homology" and simply refers to a 

region of about 110 amino acids found in 120 proteins. Though 
the exact function of PH domains is not known, it has been 
suggested that they play a role in the "membrane recruitment" 

(moving proteins to a plasma membrane upon a specific signal) 
of proteins containing those domains, consequently enabling 
them to exert their effects on various signaling pathways. 

Although several drugs have already been developed to inhibit 
Akt activity in tumors, their success has been limited. Based on 
the structure of the protein, Meuillet and her colleagues at the 
Laboratory of Cell Signaling and Cancer Therapeutics at the UA 
Arizona Cancer Center have figured out a new way to disable Akt 
by using specific compounds that bind the PH domain of Akt. 
Since some tumor cells rely on Akt for survival, binding to and 
inhibiting the PH domain renders Akt ineffective in initiating the 
signaling that is required for tumor cells to survive. 

Finding the compounds that can bind and inhibit Akt is a 

painstaking process. Daruka Mahadevan and Vijay Gokhale, 
crystallographers and computational modelers, search through 
millions of compounds daily using a powerful computer 
database, and determine leads that bind the best to Akt PH 
domains. Compounds that fit the binding "pocket" on the Akt 
PH domain are considered for the next step, where UA chemist 
Eugene Mash actually synthesizes the compounds. Once made, 
about 100 compounds per year go to Meuillet, who tests them on 
mammalian cancer lines -breast, prostate, pancreatic, colon and 
brain. 

"First we find out if the compound actually binds to the PH 

domain of the protein by using various biochemical techniques," 
Meuillet says. "Then we `feed' it to the cells to see if the protein 
is inhibited. We're finding out that some of the compounds with 
chemical properties that look promising are actually dropping out 
at this stage- because of solubility or absorption, for example." 

18 The University of Arizona College of Agriculture and Life Sciences 



Margareta Berggren (left) and research specialist 
Song Zuohe work on Drosophila (fruit flies) as a 

model for cancer and obesity. They are using a 

microscope to view the flies and determine their 
phenotype. 

What is Akt? 
Akt is an enzyme also known as protein 
kinase B. A kinase is a protein that transfers 
the phosphate group of ATP (the cell's energy 
compound) to other proteins. Akt regulates 

many cellular events and thus is at the center 
of important signaling pathways that regulate 
cell proliferation or cell death. Problems arise 
when Akt is hyperactivated through the wrong 

signals. At that point it may cause cancer by 

changing the messages that regulate the 

growth, movement and death of cells. Tumors 

start growing with nothing to stop them 

because the mechanism in the cell that would 

ordinarily regulate their "life cycle" has been 

switched off. This phenomenon has been 

found in various cancer cells, including those 
from breast, ovarian, gastric and pancreatic 
tissues. 

At any step in the process the 
researchers may have to go back to the 
computer database for more leads or back 
to synthesize new analogues. Compounds 
that pass the initial in vitro (test tube) 
stage are then tested in mice and in 
Drosophila fruit flies. 

"We're looking at Akt regulation and 
function in fruit flies," Meuillet explains. 
"Instead of looking at the protein in 
individual cells, we're looking at it in 
flies. Even though they are very small, 
they have conserved the entire signaling 
pathway networks in their cells. The 
advantage to the fruit fly is that it's a 
whole organism, which is a better model 
than looking at the effects on one cell. We 
can see what's happening throughout the 
body" 

This research is part of the UAs "Drugs 
on Bugs" program, designed to better 
understand the action mechanism of 
the drugs on the flies. Sylvester Moses, 
a graduate student in Biochemistry and 
Molecular and Cellular Biology (BMCB) 
and BMCB undergraduate Ben George 
are assisting with this research, along 
with Lee Wisner, a research scientist in 
Meuillet's lab. Subsequently, the most 
promising compounds are then tested 
in pre -clinical animal trials by Garth 
Powis, professor- director of the Center 
for Targeted Therapy at MD Anderson in 
Houston, Texas. 

"We're hoping to identify one 
compound per year that has passed 
through all the checkpoints and has 
been successful in animals for anti -tumor 
activity," Meuillet says. "It usually takes 
five to ten years -if you're lucky -from 

drug design to clinical trials." She started 
this project in 2001 and is getting close 
with the first compound, named PX 316. 

"We're testing this new series of 
compounds with animals already and 
the next stage is to include it in a clinical 
study with patients. This is the `bench 
to bedside' principle of drug design and 
discovery" 

"The advantage to the 
fruit fly is that it's a whole 

organism, which is a better 
model than looking at the 

effects on one cell." 

Meuillet notes that the drug will not be 
a "magic pill" that will cure cancer. It will 
still have to be used in conjunction with 
classical chemotherapy and/or radiation to 
shrink the existing tumors. 

In addition, Meuillet and her team 
are looking at using the Akt pathway in 
other studies, such as the interaction of 
harmful bile acids in colorectal cancer and 
the helpful effects of selenium in prostate 
cancer, among many others. She is also 
studying how nutrients found in the diet 
may influence these pathways and cause 
or prevent cancer. 

"We're doing this in a nonprofit, academic 
department instead of a commercial venue, 
and we're benefiting not only the general 
public, but students as well," she says. 
"We're looking forward to developing 
these technologies into a high- throughput 
screening facility that can handle thousands 
of compounds a week." UO 

This biochemical model shows the interaction of powerful compounds tested 
in Emmanuelle Meuillet's laboratory with Akt, an enzyme that is hyperactivated 
in cancer cells. The compounds (in multiple colors) are inhibiting the action of 
Akt (blue- striped ribbon). by binding directly to the protein, and thus slowing or 
halting the growth of the tumor cells. 

Contact 

Emmanuelle Meuillet 
520 -626 -5794 
emeuillet @azcc.arizona.edu 
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Market 
Grade 

Fish 
with a 

Side 
of Basil 

The UA aquaponic system links 250 -gallon tanks of tilapia (foreground) with hydroponic beds of basil (background). 

The system conserves water and nutrients by circulating fish waste to the plants, which in turn filter the water that 

goes back to the fish. 

Sustainable aquaculture and hydroponics 
By Susan McGinley 

Iis no surprise that fish and herbs go together on a dinner 
plate, but at the University of Arizona's Environmental 
Research Laboratory they also grow together quite well. In a 

greenhouse "aquaponics" system that combines aquaculture with 
hydroponics, Nile tilapia swim in 250 -gallon tanks (about 950 
liters) linked to hydroponic growing beds planted with Genovese 
basil. The system conserves water and nutrients by circulating fish 

waste to the plants, which in turn filter the water that goes back to 

the fish. 
While aquaponic methods have been studied before, the goal of 

this project was to find a minimal ratio of fish mass to plant mass 
that would produce commercial grade basil. Graduate student 
Jon Jordan and professor Joel Cuello, both from the Department 
of Agricultural and Biosystems Engineering, and professor Kevin 
Fitzsimmons, Department of Soil, Water and Environmental 
Science, wanted to develop a simple system that could be 
replicated by small or large growers anywhere in the world. 
Expanding urban populations and shrinking farmland worldwide 
have forced growers to develop intensive agriculture systems that 
yield more food on less land. 

In 2005 the team set up nine separate aquaponic units, stocked 
them with fish, planted the basil, and began testing different fish 

densities and feeding rates. The amount of basil planted for each 
unit remained the same for all treatments, but the fish tanks were 
stocked with 3, 6, and 9 kilograms of tilapia. The fish were fed 

60, 90 and 120 grams of feed per day, respectively in the first 

experiment. In a second experiment 4, 6 and 8 kilos of fish were 
fed 60, 90 and 120 grams of feed per day. 

"We varied the biomass and feed rates of the fish in different 
replications of the trial while keeping the plant numbers the 
same," Jordan says. "We wanted acceptable market quality for the 
fish and the basil. There was a notable difference in quality and 
quantity of basil between treatments. The system was also very 
water efficient, with a water loss of only 0.7 percent of the total 
system volume per day due to evaporation. Additionally, no 
extra fertilizers aside from fish feed were added." 

The system conserves water and nutrients by 

circulating fish waste to the plants, which in 

turn filter the water that goes back to the fish. 

The researchers selected the Nile tilapia (Oreochromis niloticus), 

a native African fish, for its hardiness, preference for warm 
water, wide availability, and worldwide popularity as a food fish, 
according to Fitzsimmons. 

"Tilapia is the second most common farmed fish in the 
world and now is the fifth most popular seafood item for US 

consumers," he says. "It's ideal for aquaponic systems because it's 

hardy and disease resistant. It thrives in warm water, and large 
schools of fish can be reared in small volumes of water." 

Basil (Ocimum basilicum) was chosen as the complementary 
plant crop for its commercial value, the simplicity of its culture, 
and its preference for warm, high -light environments, according 
to the research team. The plants were germinated separately and 
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transplanted into each of the .9 square 
meter hydroponic modules at the rate of 
34 plants per module. 

"There were six treatments, with 
differing amounts of fish," Cuello says. 
"Pairing aquaculture with hydroponics 
has been done before, but mainly 
as demonstrations. "We've actually 
established the minimal amount of fish 
for our 1400 -liter system. If you want to 
increase production, you just increase the 
size of the project, keeping the same ratio 
of fish to plants." 

"Our minimum fish stocking density 
and feed rate to obtain commercially 
acceptable basil plants was found to be 
six kilograms of fish receiving 60 grams 
of feed per day for the 34 basil plants, 
spread over a 0.9 square -meter growing 
area," Jordan explains. He notes that he 
would recommend a design ratio closer 
to 100 grams of feed per square meter 
of crop growing space, but that wasn't 
strictly supported by the statistics. 

The yield depends entirely on the scale 
of the system and the way it's managed. 
"In my particular case I was yielding two 
to three kilograms of basil per square 
meter per 40 -day growing cycle," Jordan 
says. "Fish growth was a lot more variable 
between experiments and I can't really 
generalize about what was yielded." 

Over the past hundred years, as 
the world's population has expanded 
exponentially, modern agriculture has 
developed ways to keep up with the food 

The aquaponic system yields high quality basil. 

demand by producing more food on less 
land. This major accomplishment has 
proved Malthus' predictions of human 
demise wrong, according to Cuello. 
Malthus wrote that human populations 
increase geometrically (if unchecked), 
while food production can only increase 
arithmetically, leading eventually to mass 
starvation. 

"Instead, agricultural science and 
agricultural engineering have helped 
realize large -scale food production and 
have increased the carrying capacity of 
the earth," Cuello says. Yet some of these 
farming techniques have contributed 

Nile tilapia serve as an ideal fish in an aquaponic sytem that combines aquaculture and 
hydroponically -grown plants. Tilapia are hardy and disease -resistant, widely available 
and popular worldwide as a food fish. 

to air, water and soil pollution, and the 
depletion of fossil fuels. 

"Our problem now is how do we keep 
up with the demand for agricultural 
production without depleting our 
natural resources and damaging our 
environment? Americans are currently 
the number one consumers in the world, 
consuming at least one -fourth of every 
natural resource while representing 
only 1 /20th of the global population," 
Cuello says. "But in the decades to come, 
hundreds of millions will be joining the 
middle class in China, India and other 
developing countries. Our challenge over 
the next hundred years is sustainability." 

The goal is to produce high quality 
food and make a profit while preserving 
the environment. By yielding market 
grade fish and basil, conserving water 
and using no pesticides or external 
fertilizer aside from the fish feed, the 
greenhouse aquaponics system tested at 
the UA is a step toward this goal. 

"We're using what we have, combined 
with new technology" Cuello says. t 

Contact 

Joel Cuello 
520 -621 -7757 
jcuello @ag.arizona.edu 

Kevin Fitzsimmons 
520- 626 -3324 
kevfitz @cals.arizona.edu 
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Making 
Every 

Drop 
Count 

Irrigation research and 
demonstration at 

Hubbell Trading Post 
By Joanne Littlefield 

At the Hubbell Trading Post, "Big Bucket" systems are used to irrigate corn. 

22 

hen rains are sporadic, the urban -dwelling home 
gardener is able to drag a hose out to water the 
plants. And large -scale agriculture operations can 

order irrigation water timed for delivery when the plants need 
it. It's those in- between growers and gardeners, though, who 
often struggle to bring in a crop during the dry and dusty desert 
growing season. For them, one viable solution is drip irrigation. 
Drip irrigation has been shown to be more efficient because it 
delivers water only to the plant's root system. The drawback is the 
cost of installing and maintaining drip tubing, emitters, timers and 
pumps. 

Ed Martin, a University of Arizona irrigation specialist from 
the Department of Agricultural and Biosystems Engineering, is 

studying how the use of large holding vessels in a gravity system 
might more efficiently irrigate small plots and gardens on the 
Navajo Nation. For the past two years the College of Agriculture 
and Life Sciences (CALS) researcher has been looking at how 
gravity -fed irrigation systems compare with traditional surface 
systems in terms of yields, health of crops and more efficient use 
of water. 

Two separate projects located at the Hubbell Trading Post on the 
Navajo reservation near Ganado are providing valuable research 
data and the demonstration component lets local farmers and 
gardeners react to the techniques. 

On the Navajo Nation, people haul large amounts of water to 
their homes and fields- sometimes up to 20 miles away, says 
Gerald Moore, CALS lead extension agent on the Navajo Nation. 

"This project would fit right in with the way of life," he says. 
Gravity -fed irrigation would enable Navajo farmers to use the 
hauled water to efficiently irrigate their gardens. "We are just 
talking about a small garden or backyard gardening -maybe 15 

by 30 feet." 
A national historic site, the post was chosen for this project 

in part because of the number of visitors- 193,000 -who pass 
through its doors and over the grounds each year. Members of 
both the staff and the research team recognized the opportunity to 
teach about the crops grown on the Navajo Nation and how the 
use of a low -tech drip irrigation system can conserve resources. 

Moore and another CALS extension agent from the Navajo 
Nation, Jeannie Benally, have been able to provide valuable 
feedback. Both have been involved with the Ganado Irrigation and 
Conservation Project, a comprehensive water management plan 
the Navajo Nation has been working on for the Ganado Irrigation 
District. With technical assistance from the Arizona Department of 
Water Resources, the U.S. Department of the Interior's Bureau of 
Reclamation and the University of Arizona, the project has been in 
the works since the late 1990s. 

After the reconstruction of Ganado Lake was completed in 
1995, new opportunities for crop irrigation techniques and 
education programs became available. The original dam was built 
in the 1880s. 

Besides staff at the Hubbell Trading Post, other key consultants 
on the irrigation project include members of the Navajo 
Departments of Agriculture and Water Resources, the Ganado 
Irrigation District Farm Board. 

The two gravity -fed irrigation systems investigated for the 
project go by the names "Hanging Bucket" and "Big Bucket." 
They are the brainchild of New York inventor Richard Chapin, 
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who designed them to mirror the type of 
irrigation setup that would typically be 
used in the field. 

The simplicity of the system is 
astounding: for each row, a bucket with 
holes punched in the bottom is hung 
more than three feet off the ground from 
a tree or pole. Drip tubing is attached 
to it that then extends down the rows, 
where it's covered or buried. Up to 
10 rows can be placed on one bucket 
system. The bucket is filled periodically, 
depending on weather conditions, and 
slowly waters the plants. 

"The water for the system is either 
put into a small five -gallon bucket and 
hung from a stand or is placed in large 
50- gallon drums that are raised up about 
four feet in the air," Martin says. 

Because no power is required, the 
method is effective for more remote parts 
of the reservation. Chapin Watermatics 
sells the bucket kits to farmers in areas 
of the world where getting electricity 
and running water can be a challenge. 
Another plus is the ability to add fertilizer 

By monitoring the water flow from the Big Bucket 
system during early crop development, researchers 
are able to more precisely compare it to other 
irrigation methods. 

to the water buckets for slow release to 
the plants. 

At the Hubbell Trading Post these 
systems were used to grow corn, an 
important food and ceremonial crop for 
the Navajo people. The public setting 
of the demonstration project attracted 
many people who wanted to harvest the 
corn the moment it was ready. Martin's 
challenge was to hold the crop long 
enough to get yield data. The analysis he 
conducted on total grain and biomass 
showed that both systems produced good 
yields in 2005. 

Along with the demonstrations for the 
two sizes of buckets, the research team 
planted corn in a plot irrigated with a 

surface drip system that didn't perform 
nearly as well as the bucket system. 

"With water going right to the crop, 
there is up to 90 percent efficiency," he 
says. In contrast, water efficiency for 
surface drip systems, where the drip tape 
is not buried, is about 60 -70 percent. 

"With water going right to 
the crop, there is up to 90 

percent efficiency." 

Overall, the gravity -fed systems used 
less water than the surface irrigated drip 
system. At a 15.5 percent moisture rate, 
in 2005 they produced 69 bushels per 
acre with 26.1 inches using the bucket 
system; in the surface plot 85 bushels 
per acre were produced with 39 inches 
of water. "While we got more yield with 
surface plot irrigation, we were more 
efficient with the bucket drip," Martin 
says. The yield was 2.6 bushels per acre - 
inch of irrigation water applied with the 
bucket drip and 2.1 bushels per acre -inch 
of water applied with the surface irrigated 
plot. 

Excessive water evaporation problems 
are decreased when the drip tape is either 
covered with mulch or slightly buried in 
the ground. A downside of the system - 
such as the buildup of algae and salts in 
the drip tubes -can be overcome with 
periodic maintenance. 

The demonstration project already has 
begun to change some irrigation practices 
on the reservation. "Diné College did 
take to the idea, developing a system 
using 55- gallon drums as their big 
bucket," says Moore. "I think the idea of 
this bucket system is great." e 

Gravity forces the water to flow through the thin 
irrigation tubing via a hole in the bottom of the bucket 
hanging more than three feet from the ground. The 
drip line is covered with mulch to reduce water 
evaporation. 

Contact 

Ed Martin 
520 -381 -2244 
edmartin @cals.arizona.edu 
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Location, 
Location, 

Location 
The effect of riparian areas on property values in Tucson 

By Susan McGinley 

ou can spot Tucson's riparian 
areas from the air: winding 
bands of green that follow 

streams, washes and riverbeds. This 
network of watercourses attracts 
wildlife to the shade and shelter of its 
cottonwoods, mesquites, blue palo 
verdes, white thorn acacias and other 
plant species. Not surprisingly, houses 
border many riparian areas. As an 
interface between wet and dry areas in 
the desert, riparian corridors offer shade 
and shelter for animals and stabilize the 
soil. They also provide beauty and a sense 
of peace for homeowners. 

This beautiful view translates to dollar 
values: buyers will pay a premium to 
live near riparian zones. Now, thanks 
to research conducted over the past 
four years at the University of Arizona, 
that premium that can be quantified. 
The focus is a 100 -square -mile area in 
northeast Tucson that includes 200 miles 
of riparian corridor, three school districts, 
and more than 45,000 single family 
residences. More than 9,000 of those 
homes were sold during the study period. 

"We're looking at the type and amount 
of vegetation to see if the premium 
people are willing to pay varies with the 
vegetation, and it does," says Bonnie 
Colby, a professor in the Department of 
Agricultural and Resource Economics 
in the College of Agriculture and Life 

Sciences (CALS). "People will pay more 
for a cottonwood or a natural wash near 
their home." 

Colby, Daniel Osgood (now at 
Columbia University) and Rosalind 
Bark, a graduate research associate in 

k. 
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The type and amount of vegetation in riparian areas, such as the wash in the foreground above, can make a 

difference in property values. 

the CALS Arid Lands Resource Sciences 
Ph.D. program have worked on a series 
of studies to characterize and assess the 
value of riparian areas in Tucson, to find 
out exactly which attributes of a riparian 
area command the highest value in a 

home sale. 
"We checked the sale prices on just 

over nine thousand homes in the remote 
sensing area," Colby says. The range of 
values varied, with an average price of 
around $200,000. "We were looking 
at whether one could see a systematic 
pattern that linked riparian characteristics 
to property values and if we could 

statistically isolate these to estimate the 
value of this natural amenity" 

By showing the benefit of riparian areas 
to the property values of single family 
residences, the team hopes to add yet one 
more reason to preserve these natural 
areas, which are endangered because of 
groundwater overdraft and the current 
drought. The impact of draining too 
much groundwater affects not only plant 
and wildlife and the condition of the soil, 
it also influences property values and 
quality of life in Tucson. 

This research is a continuation and 
expansion of research initiated by the 
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The study showed homeowners had decided that concrete -lined washes weren't an amenity; 
many put up walls to block the view. 

Arizona Water Commission. For the past 
four years funding has been provided 
by SAHRA (Sustainability of semi - 
Arid Hydrology and Riparian Areas), a 
National Science Foundation, Science 
and Technology Center on campus. 

The researchers used two methods to 
characterize heterogeneous vegetation in 
the study area: vegetation indices derived 
from Landsat remote sensing images 
and comprehensive site surveys at 51 
riparian sites. The surveys determined the 
diversity of plant species, the presence of 
trees that require stable groundwater, the 
vegetation density, and other factors at 
each of the 51 sites. 

To verify the accuracy of the satellite 
images, a collaborating team of biologists 
from Arizona State University's School of 
Life Sciences, under the direction of plant 
ecologist Juliet Stromberg, conducted 
ground -truthing. That process involves 
walking through sample sections of the 
study area to match the vegetation on the 
ground with the satellite images. Many 
of the washes, where the groundwater 
is shallow and can support vegetation, 
are endangered because of groundwater 
pumping, Colby says. 

In studying how people's landscape 
choices were influenced by their 
proximity to riparian areas, the 

researchers found that a home didn't 
need to be right next to a riparian area. 
The premium for a riparian amenity 
appeared to hold for homes located up to 
a quarter mile away, where people could 
still walk to a green wash or enjoy the 
view. 

"People do pay a premium to live 
adjacent to a wash, or even nearby," Bark 
adds. "And it's not just how close you 
are, but also, what's the wash like? Is it 
natural or concrete? People put up back 
walls where the wash was ugly. They left 
them out if the wash was beautiful. It 
shows the homeowners themselves had 
decided it was not an amenity to live 
near a concrete wash." 

In some cases homeowners actually 
took care of the wash because they 
considered it to be valuable. 

"We'd see homeowners watering dirt 
washes because the trees were dying, 
because the normal flow had been 
diverted upstream by development," 
Bark says. 

Throughout their research, which 
involves six years' -worth of data, Bark 
and Colby have controlled for the size 
of house, the school zone (Catalina 
Foothills, Tanque Verde and Tucson 
Unified), bathroom size, and other 
factors. All of the homes in the study 

"People do pay a premium 
to live adjacent to a wash, or 

even nearby." 

were single -family dwellings, not 
apartments. 

Overall the researchers noticed 
that people preferred a diversity of 
vegetation, and seemed to be willing 
to pay more for a home located near 
cottonwoods in particular, an advantage 
that is becoming harder to find. 

"If you live near a wash that has 
cottonwoods, you may be paying a 

premium of more than eight percent," 
Colby says. "Native vegetation also 
commands a price. I've actually shared 
this information with realtors." 

"In the remote sensing study we 
found people will pay more for a greener 
lot," Bark says. "There is also evidence 
that if the wash nearest a home is green, 
the owner of that home cares less about 
having a green lot, and vice versa." In 
the desert, there's a limited supply of 
natural green landscapes and people are 
willing to pay a premium for them, just 
like the golf courses." 

Colby and Bark emphasize that 
premiums for the private benefits of 
riparian areas are affected by groundwater 
pumping. Less water in the wash 
translates into dead, unsightly vegetation. 

"That's a case where preventing 
groundwater overdraft would actually 
protect private property values," Colby 
says. "It would be managed at the county 
level. Pima County is very interested 
in this work because they manage the 
flood plains and riparian area. There's 
a link between how we manage our 
groundwater and how we manage our 
natural resources." 

Contact 

Bonnie Colby 
520 -621 -4775 

bcolby @email.arizona.edu 

Rosalind Bark 
520 -621 -4349 

rbark @email.arizona.edu 
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New 

Barley 
Variety 

"Low input" crop uses less 
water, fertilizer 

By Susan McGinley 

After ten years of breeding and five years of testing, an 
improved variety of low input, six -rowed barley has 
been released by the Arizona Agricultural Experiment 

Station. Named "Solar," the new introduction has a significantly 
better yield, higher test weight and greater resistance to lodging 
(falling over) than its predecessor, "Solum," a UA variety released 
in 1991. 

Barley plays an important part in the Arizona crop mix, where 
it is often planted after cotton or vegetables. The high biomass 
stalks, when incorporated into the soil at the end of the growing 
season, reduce crusting and improve the soil structure, which in 
turn enhances water intake in the next crop. Planting barley can 
also reduce the effect of root knot nematodes on cotton. 

As one of the world's most adaptable crops, barley grows from 
the arctic tundra to the equatorial highlands. The hardy grain is 

salt -, drought -, and cold -tolerant. It stabilizes soil and breaks pest 
cycles in a crop rotation. 

Solar was developed as a winter crop for low water -use 
environments in the Southwestern United States and in Arizona, 
where only one or two irrigations (6 -12 inches) are applied 
per season, according to the researchers. The crop is planted in 
December for harvest in May. 

"Barley is grown between crops that have high value, usually 
after cotton in Arizona," says Mike Ottman, an agronomist in 
the Department of Plant Sciences in the College of Agriculture 
and Life Sciences. "Planting barley or wheat after cotton can help 
flush salt from the soil. Because barley and wheat are grown in 
the winter and spring when water use is less than in the summer, 
it is easier to apply enough water to flush salts compared with a 

summer crop." 
Farmers can obtain these benefits by growing barley through 

either high or low input methods. Grain yield of low input barley 

A seed -increase crop of the "Solar" variety of low input barley, grown in Wellton, 

Yuma County 

is about half that of the high input type, but it requires only a 

third of the irrigation water and a quarter of the fertilizer. The 
potential savings by growing low input barley is about two acre - 
feet per acre of water and 150 pounds of nitrogen fertilizer per 
acre grown. 

Named "Solar," the new introduction has a 

significantly better yield, higher test weight 

and greater resistance to lodging (falling over) 

than its predecessor. 

"The beauty of this type of barley is that you may not make 
much money off it, but you can cut your expenses and still get 

the rotational effect," Ottman says. Thus instead of yielding 6,000 
pounds per acre with high input barley, the grower gets half that 
yield, but reaps all of the other advantages of growing the grain 
while reducing production costs. Growing low input barley can be 
especially economical when water and fertilizer costs are high. 
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In 2005, about 30,000 acres of barley 
were harvested in Arizona, valued at $8 
million. A few thousand acres of low 
input barley (Solum) are grown each year 
in Arizona, according to Ottman. Solum 
barley is also grown in California for 
forage and grain. 

"There really isn't any other variety 
adapted to low input conditions," he says. 
Most of the state's barley is grown mainly 
for feed, although a limited amount of 
malting barley is grown occasionally. 
"Either Solum or Solar would be good for 
grazing or as a forage crop. Sheep like to 
graze on it." 

Ottman spent more than 15 years 
working on an improved variety that 
would have the advantages of Solum 
without some of its problems. 

"Solum tended to lodge and had a 

low test weight, which is a measure of 
grain density," Ottman says. "The stems 
fell down, and when that happens, at 
harvest you either can't pick it up, or 
the combine has to go real slow, which 
increases harvest costs." Low test weight 
in barley means it has reduced starch 
content and more hull, which lowers 
the feed quality of the grain. Some 
dairies and cattle feeders may not accept 
the grain if the test weight is too low, 
according to Ottman. 

Original breeding work on Solum was 
begun by Tom Ramage, a former UA 

and USDA barley breeder. When Solum 
was released in 1991, it was the first 
low input winter cereal developed for 
Arizona. When Ramage retired in 1999, 
Ottman continued the research that 
led to the release of Solar. Researchers 
conducted trials on plots at the UA's 

Maricopa Agricultural Center in central 
Arizona, with support over the past five 
years from the Arizona Grain Research 
and Promotion Council. 

Solar was selected out of a group 
of 142 lines of barley in the breeding 
program. Ottman tested Solar against 
Solum and also compared it to Barcott, 
a high input barley sometimes grown 
under reduced water use conditions. 
When grown under low input conditions 
at the Maricopa Agricultural Center in 
2002 -2004, Solar yielded an average of 
320 pounds more per acre than Solum 
and a surprising 682 pounds per acre 
more than Barcott. 

Lodging for Solar averaged 15 percent, 
compared to 39 percent for Solum and 
12 percent for Barcott. Solar's test weight 
was about five pounds per bushel more 
than Solum and 6 pounds per bushel 
more than Barcott. Thus compared with 
Solum, Solar has 11 percent higher grain 
yield, 10 percent higher grain test weight, 
and 24 percent less lodging. 

"It's not going to save the world or 
bring in a lot of income, but right now, 

(I to r) Pat McBride and Alan Rubida of Barkley Seed confer with Abed Anouti of the Arizona 

Crop Improvement Association (ACIA) and Mike Ottman, UA agronomist in field of new low 

input barley variety. 

"Solar" is a six -rowed spring barley variety bred for 

reduced water use environments. 

with barley prices going the way they 
are, Solar can bring in more income for 
farmers," Ottman maintains. "It's not as 
lucrative as vegetables, but if you can get 
a reasonable return, that's good. Plus, 
people like to look at it -it's green for 
half the year." 

The new barley variety is in the seed - 
increase stage. The UA Plant Sciences 
Department developed the breeder's seed 
for Solar, and will maintain that stock. 
The foundation seed produced last year 
will be increased by the Arizona Crop 
Improvement Association during the 
2006 crop year and harvested as certified 
seed. Various seed companies in the 
state have already expressed interest in 
the germplasm to be released by this 
project. Certified seed should be publicly 
available through local grain companies 
in commercial quantities next year. 

Contact 

Mike Ottman 
520 -621 -1583 

mottman @ag.arizona.edu 

CALS Forage and Grain site: 
www.cals.arizona.edu /forageandgrain 
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A Living 
Microbial 
Observatory 
Research in Kartchner Caverns 

State Park® 

By Mari N. Jensen, Science Writer, 
University Communications 

University of Arizona 
researchers will investigate 
the lives of Kartchner 

Caverns State Park's® tiniest inhabitants 
with the help of a $1.6 million grant from 
the National Science Foundation. 

The five -year grant to the UA will add 
Kartchner Caverns, part of the Arizona 
State Park system, to the National Science 
Foundation's worldwide network of 
Microbial Observatories. 

Research at the networks' sites is 

revealing the goings -on of the Earth's 
smallest and most poorly known life 

forms. Kartchner Caverns is the only cave 
in the network. 

"We thought Kartchner Caverns was 
perfect for this. It's one of the top 10 caves 
in the world in terms of mineralogical 
diversity," said principal investigator 
Raina M. Maier, a UA professor of soil, 
water and environmental science. "And 
the development of Kartchner is a model 
internationally for the development of a 

cave as a living system. It's a model for 
preservation." 

The researchers will catalog the 
microbial inhabitants of the cave, study 
how tourism affects their diversity and 
investigate whether microorganisms are 

involved in the growth of cave formations 
such as stalactites and stalagmites. The 
team also hopes to find microbes that 
could be exploited for medical, industrial 
and biotechnology applications. 

"The development of 
Kartchner is a model 
internationally for the 

development of a cave as 
a living system. It's a model 

for preservation." 

The formations at Kartchner are 
still growing. Robert Casavant, science 
and research manager for Arizona 
State Parks said research conducted in 
some other caves linked the growth of 
cave formations, or speleothems, and 
microorganisms. 

Maier's previous research in Kartchner 
indicates that the heavily visited areas 
have different types of microorganisms 
than do the cave's pristine areas. 

Maier said, "We don't know yet 
what role - if any - bacteria have 
in speleothem formation. But if you 
have this drastic shift in the microbial 
community structure and these bacteria 
are necessary and important for 
speleothem formation, you may be losing 
important populations." 

The grant brings together researchers 
from a variety of disciplines in the UA's 

College of Agriculture and Life Sciences. 
Maier's co- principal investigators are 
Barry M. Pryor, UA assistant professor 
of plant pathology; Leland S. Pierson III, 

UA professor of plant pathology; and 
Rod Wing, professor of plant sciences 
and director of UA's Arizona Genomics 
Institute. Maier and Wing are also 
members of UA's BIO5 Institute. 
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The team's first step is figuring out 
what's there. 

Parts of the cave differ in how deep 
they are, whether bats live there, whether 
water is dripping, the amount of carbon 
dioxide present and how much visitation 
the area receives. So the team will collect 
microbes from a range of microhabitats 
by using the same kind of cotton swabs 
doctors use to collect throat cultures. The 
researchers will swab speleothems and 
also mud, bat guano and the rock walls. 

The researchers will catalog 
the microbial inhabitants 
of the cave, study how 

tourism affects their 
diversity and investigate 
whether microorganisms 
are involved in the growth 
of cave formations such as 

stalactites and stalagmites. 

Once back in the lab, the researchers 
will try to grow the microorganisms 
in petri dishes. Because, many 
microorganisms are difficult to grow in 
the lab, the researchers will also extract 
DNA from each sample, creating a 
complete genetic inventory for all the 
microorganisms in each location sampled. 

The team will scan the DNA for what 
the scientists call "something interesting." 

"That might be a species that shows up 
all the time - or only shows up once," 
Maier said. "Maybe there are bacteria that 
we find only on speleothems. That would 
suggest they have a role in speleothem 
formation." 

The team will pick the two most 
interesting sites for further study. 

For those two sites, the researchers will 
analyze all the DNA using a technique 
called metagenomics. That will let 
the team figure out what each site's 
microorganisms do for a living and what 
special kinds of environmental challenges 
they face at that location. 

Pierson said, "Finding out what abilities 
the community has gives insights into 
the local environmental challenges." For 
example, microbes from an area that has 
little iron may be particularly adept at 
holding onto iron molecules that drip 
their way. 

"We will be able to characterize the 
composition of the microbial communities 
and their metabolic toolboxes," Pierson 
said. 

Even if the DNA comes from an 
unknown species, using metagenomics 
analysis will tell the researchers where the 
new species fits into the microbial tree of 
life. Knowing that will help the researchers 
figure out what's unique about Kartchner's 
microbes. 

The final step, Maier said, will be to see 
if the microbes' metabolic toolboxes can 
create new natural products that are useful 
for humans. What the scientists learn will 
also help the park. 

"It's good for Kartchner because there's 
an unseen world that we don't know 
enough about for managing the cave 
ecosystem. We know about the big things, 
but it may be the little things that are also 
important in managing the cave," said 
Casavant. 

"We're excited to be able to explore 
that world with UA as our partner. It's 

a wonderful collaboration. We want to 
manage the state parks based on science." %II 
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The final step, Maier said, 
will be to see if the microbes' 

metabolic toolboxes can 
create new natural products 
that are useful for humans. 

What the scientists learn will 
also help the park. 

ADDITIONAL 
COLLABORATORS 

Jon Chorover, professor of soil, water 
and environmental science 
Raymond E. Goldstein, UA professor of 
physics and the Schlumberger Professor 
of Complex Physical Systems at the 
University of Cambridge in England 

Leslie Gunatilaka, professor and 
director of the UA Southwest Center 
for Natural Products Research and 
Commercialization 
Carol Soderlund, research associate 
professor of plant sciences 
Rickard S. Toomey III, director of 
Mammoth Cave International Center for 
Science and Learning in Kentucky. 

Goldstein, Gunatilaka and Soderlund are 
also members of the UA's B105 Institute 

Contact 

Raina Maier 
520 -621 -7231 

rmaier @ag.arizona.edu 

Barry Pryor 
520 -626 -5312 

bmpryor @u.arizona.edu 

Leland (Sandy) Pierson 
520 -621 -9419 

Isp @u.arizona.edu 
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BI05' 
Newilub 

Thomas W. Keating 
Bioresearch Building 

Compiled by Joanne Littlefield 

With four stories and 177,000 square 
feet of space, the Thomas W. Keating 
Bioresearch Building will house more 

than 350 researchers associated with 

the B105 Institute. One of the strong 
architectural features of the project 
is the distinctive white metal ramada 
that shades the Keating and adjacent 
Medical Research Building. 

The University of Arizona's BI05 Institute now has a 

central location in Tucson for conducting research 
that brings together five disciplines- agriculture, 

basic science, engineering, medicine and pharmacy. The new 
facility, adjacent to the medical complex that includes University 
Medical Center and the UA Colleges of Medicine, Nursing and 
Pharmacy, took visionary planning, 21/2 years of construction and 
close to $62 million to complete. 

The four -story Thomas W Keating Bioresearch Building 
that houses the B1O5 Institute encompasses 177,000 square 
feet. Each floor has eight laboratory wings. The new building 
provides critical space for more than 350 researchers, including 
30 faculty members. More than forty percent of the non -faculty 
researchers are students. 

In keeping with the goal of offering maximum opportunities 
for collaboration, the Keating building is connected to the new 
UA College of Medicine Medical Research Building via walkways 
on three levels, the front entrances of the two buildings face 

each other, and the two facilities share patio space on the 
ground level. A unique feature for both facilities is the ability 
to reconfigure laboratory space quickly, depending on research 
needs. All of these features reflect the two driving concepts for 
the design: interaction and flexibility. 

Construction was launched in 2003 with funds donated by 
Thomas Keating, UA alumnus, and with money approved by 
the Arizona Legislature (HB2529). The supervising architectural 
and engineering firm for the project was Zimmer Gunsul 
Frasca Partnership and construction was completed by Gilbane 
Building Company. 

Keating, who holds a bachelor's degree in Agricultural 
Education from the College of Agriculture and Life Sciences 
(CALS), is CEO of the MBK Foundation, which supports higher 
education, hospitals and human services. He is also a member 
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and immediate past chair of the BIO5 
Business Advisory Board. 

"This building provides an opportunity 
for faculty in the CALS to enhance their 
collaboration with faculty in several other 
colleges," says Colin Kaltenbach, CALS 
vice dean and director of the Arizona 
Agricultural Experiment Station. "The 
overall research effort within CALS and 
across the university will be significantly 
enhanced by this very functional and 
attractive new facility" 

Examples of CALS research that lends 
itself to interaction with other disciplines 
include nutritional studies related to 
diabetes prevention and treatment, crop 
production in controlled environments 
such as greenhouses, decoding the corn 
genome, and other projects. 

The building also houses core "service 
centers" that support research programs 
across the campus and the state. 

These services include genomics (gene 
mapping); proteomics (structure and 
function of proteins); and informatics 
(computer applications, statistics and 
other information tools). 

Since its creation in the early 2000s, 
the BIO5 Institute and its collection 
of researchers has been a tight -knit 
organization in practice, but not in 
physical proximity. The scientists 
were scattered across the UA campus 
in separate laboratories with no real 
place to confer on a regular basis. The 
collaborative bioresearch institute 
was previously called the Institute for 
Biomedical Science and Biotechnology 
(IBSB). The name was changed to the 

BIO5 Institute in September 2004, and 
the institute became a physical reality in 
late 2006 with completion of the Keating 
facility. 

"For the past five years we have been 
a virtual institute," says University of 
Arizona Regents Professor and BIO5 
Director Vicki Chandler. "Now our 
programs will reach out across the 
campus and the Keating building will 
provide an administrative home, serving 
as a hub for all of our research and 
education programs." 

A unique feature for 
both facilities is the ability 
to reconfigure laboratory 

space quickly, depending on 
research needs. 

How does this look in action? 
One example is that researchers in 
basic sciences such as biology and 
biochemistry may be housed with 
experts in engineering and agriculture, 
sharing cutting -edge facilities like high - 
throughput screening to identify new 
drug compounds, or genomics to study 
the structure and function of genes. 
In another example, BIO5- affiliated 
researchers who still work in laboratories 
on other parts of the campus (the new 
building isn't large enough to house them 
all) will be able to meet and share ideas at 
the main facility. 

In addition to housing research 
functions, the building will provide a 

Laboratory modules feature moveable benches that can be reconfigured quickly based on 

need. There are six lab modules per wing (660 sq. ft. per module) in the new building. Each 
module has four benches programmed for eight researchers. 

The B105 
Institute Mission 

8105 is a collaborative bioresearch institute 

bringing together scientists from 5 disciplines - 
agriculture, medicine, pharmacy, basic science 

and engineering -to solve complex biological 

problems. B105 creates science, education and 

industry partnerships to disseminate knowledge 

and apply the knowledge gained to treat 

disease, feed humanity and preserve livable 

environments. 

forum where the public can participate 
in educational programs, workshops and 
seminars. BIO5 administrators hope the 
planned events will draw visitors from 
around the state and the world, including 
researchers, bioscience industry leaders, 
local and state politicians, teachers and 
students. Such community involvement 
will help to make the new BIO5 building 
a center for science education and 
research in the region. 

According to Chandler, BIO5 scientists 
are tackling the most complex problems 
of the 21st century: how to diagnose, 
treat and prevent disease, ensure a 

sustainable food supply, and maintain a 

healthy environment. BIOS's research also 
fuels Arizona's economy by turning new 
findings into applicable technologies and 
products as well as creating a well- trained 
workforce to meet the demands of the 
state's growing biotechnology industry. 

Currently, BIO5 scientists are exploring 
causes and developing cures for diabetes, 
cardiovascular disease, cancer and 
respiratory diseases such as asthma and 
Valley Fever. But the benefits of BIO5 go 
beyond the doctor's office. The institute 
has already generated $90 million in 
federal funds for the state of Arizona over 
a five -year period through investments in 
new faculty, and has created almost 150 
new jobs. el 

Contact 
Vicki Chandler 
520 -626 -4272 
chandler@cals.arizona.edu 

B105 Institute 
www.bio5.org 
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CALS 2006 Research Awards 
By Colin Kaltenbach 

2006 Research Faculty of the Year Award 
LYNN JOENS, PROFESSOR 
Department of Veterinary Science &' Microbiology 

This award honors outstanding achievements and contributions in research. Lynn Joens is a recognized researcher 
of enteric infections of swine, and his most recent research on Camplobacter jejuni and Salmonella bacteria has 
contributed to their recognition as the causes of very significant food -borne diseases. He has developed an avirulent 
Camplobacter strain that could likely serve as a human vaccine, which would be an extraordinary contribution 
to human health. His research on Salmonella focuses on S. Newport, a pathogen that is currently ranked third for 
causing salmonellosis in humans, with a 70 percent increase in cases from 1998 to 2003. 

Joens worked with colleagues at 11 other universities to develop and establish a national Food Safety Research and 
Response Network, a multidisciplinary project funded by the USDA National Research Initiative. Joens plays a key 
role in this network with his research on bacteria. He has been highly successful in obtaining funding from the USDA, 
bringing in over $4 million in the past five years, including 12 different competitive USDA grants. He also currently 
serves as a major advisor to three Ph.D. students and two master's students, and advises several other graduate and 
undergraduate students. 

2006 Outstanding Team Award 
ENVIRONMENTAL RESEARCH LAB (ERL) MAINTENANCE TEAM 
Gaylen Bennett, Jeff Bliznick, and Bill Laughlin 

This award recognizes and honors unusual dedication and outstanding contributions by a team of CALS employees. 
Gaylen Bennett, Jeff Bliznick, and Bill Laughlin serve as the staff -support team responsible for all physical plant 
maintenance and operation requirements at ERL. They render a tremendous service to ERL and to the Soil, Water and 
Environmental Sciences department in maintaining an outstanding research and off -campus educational facility. 

In addition to their normal duties at ERL, they have gone above and beyond their regular level of duty to 
accommodate the remodeling and construction requirements for the new UA Water Village. The Water Village is a 

state -of- the -art potable water quality research and demonstration facility at ERL that it is gaining a national reputation. 
It has already served as the intermediate test bed facility in a proposal to the EPA and Homeland Security, resulting 
in a five -year $10 million award for the Center for Advancement of Microbial Risk Assessment. This would have not 
been possible without the efforts of the team in constructing the Water Village: it's a unique facility constructed by a 

unique team. 

2006 Outstanding Staff in Research Award 
NANCY BANNISTER, ASSOCIATE EDITOR 
Department of Agricultural and Resource Economics (AREC) 

This award recognizes staff whose service has contributed significantly to the support of CALS research. Since 
joining the department of Agricultural and Resource Economics 10 years ago, Nancy Bannister has become the center 
pillar upon which AREC has been able to develop and deliver first -class research reports and publications. 

She is exceptional in her combined skills of excellent technical editing and creative graphic design. Her work is 
accurate, complete and on time. She is generous with her expertise in web site development, and takes courses in 
graphic design each semester to become more proficient. In addition to her technical competence, she is a great co- 
worker. Bannister is cheerful, industrious, always ready to provide helpful assistance to faculty, students, and other 
staff, and fun to interact with. Her focus is on getting the job done professionally and in a timely manner, rather than 
receiving recognition. She is an exemplary employee for the University of Arizona, CALS, and the Department of 
Agricultural and Resource Economics. 
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