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A LETTER FROM THE DIRECTOR 

The flap over biotechnology and food that began in Europe has now spilled 
over to the United States. Hardly a day goes by without an article on the front 
page of most major newspapers. The recent and unfortunate incident with 
StarLinkTM corn has exacerbated the debate. 

Biotechnology is being employed all around us in many everyday products. It is 

also being questioned. Obviously, biotechnology has tremendous potential to help 
fight hunger with improved plants, animals and microorganisms, combat disease 
through improved medicines and vaccines, and yield significant benefits to health 
by boosting the nutritional value of foods. Unfortunately, much of this will not be 
possible unless the public accepts the technology. Therefore, the current debate is 
essential. We must talk ourselves through this, make sure that we are producing 
safe products and regain the credibility and acceptance of the consuming public. 
I am confident this will happen and the sooner this occurs the better, not only for 
agriculture but for society overall. 

Each year we try to capture an overview of our research program in this an- 
nual report. We can never tell the whole story but the diversity of subjects cov- 
ered in this edition gives an indication of the breadth and depth of the program. 
I hope you will find these articles of interest, despite whether your primary 
interest revolves around people, insects, animals, plants or the environment. 

We are particularly pleased to highlight our greatly expanded program in 
controlled environment agriculture. I do not know where we will be in terms of 
advances twenty years from now, but I have to believe this technology will be 
prominent. 

As usual, we encourage you to call our office or the individual scientists with 
your feedback and questions. 

Colin Kaltenbach 
Vice Dean and Director, Agricultural Experiment Station 
(520) 621 -7201 
kltnbch @ag.arizona.edu 
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Bt Cotton and Pink Bollworm 
A cooperative research and education program by Susan McGinley 

esults of a new study published 
in the November 21 issue of 
the Proceedings of the National 

Academy of Sciences may diminish 
fears about one of the potential pitfalls 
of genetically modified crops. Bt cotton 
has a gene transferred from the bacte- 
rium Bt (Bacillus thuringiensis) that lets 
plants produce a natural insecticide, 
thus reducing reliance on sprays of 
chemical insecticides. The Bt toxin in ge- 
netically modified cotton is harmless to 
people, wildlife and most beneficial in- 
sects. A major concern is that pests 
could quickly evolve resistance to the 
Bt toxin in genetically modified cotton. 

The Extension Arthropod 
Resistance Management Labora- 

tory (EARML) 

Now in its seventh year, this labo- 
ratory serves as a central Coopera- 
tive Extension facility devoted to long- 
term development and maintenance 
of insect resistance management 
programs. It was established with 
support from the University of Ari- 
zona, and with funding from the 
USDA -ARS Western Cotton Re- 
search Laboratory, Cotton Incorpo- 
rated, and the Arizona Cotton Grow- 
ers Association. 

To prevent insects from building 
up resistance to both natural and 
chemical pesticides, the laboratory 
conducts extensive collaborative field 
research and a comprehensive in- 
sect monitoring program. EARML's 
mission is to collect, validate and dis- 
seminate information that will allow 
agricultural and urban pest manag- 
ers in Arizona to combat the develop- 
ment of resistance to pesti- 
cides in arthropods. 

Bruce Tabashnik 
(520) 621 -1141 
brucet @ag.arizona.edu 

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

Pink bollworm in cotton boll. 

Bt cotton is still effective against pink bollworm in Arizona, according to a UA 
study published in the November 21 issue of the Proceedings of the National 
Academy of Sciences. The estimated frequency of resistance pink bollworm to 

Bt cotton did not increase from 1997 to 1999. 

This has not happened yet, according 
to the new study. 

Bt cotton was first grown commer- 
cially in the U. S. in 1996 and has ac- 
counted for more than half of the cot- 
ton acreage in Arizona since 1997. For 
several years, a team of scientists in the 
University of Arizona College of Agri- 
culture and Life Sciences and the Ari- 
zona Cotton Research and Protection 
Council has tracked resistance to Bt cot- 
ton in pink bollworm caterpillars, 
which attack bolls of cotton in the 
southwestern U. S. They discovered 
that in 1997 the frequency of a resis- 
tance gene in pink bollworm was 
higher than expected. 

The estimated frequency of a gene 
conferring resistance to the toxin in Bt 
cotton was about 1 in 10 for pink boll- 
worm caterpillars from ten Arizona 
cotton fields in 1997. This is roughly 
100 times higher than estimates for 
other pests of Bt crops. Based on this 
relatively high estimate and projections 
from computer models, rapid increases 
in resistance were expected in subse- 
quent years. Surprisingly, the esti- 
mated frequency of resistance did not 
increase from 1997 to 1999 and Bt cot- 
ton remained effective against pink 
bollworm. 

"Bt cotton is working extremely well 
in Arizona," said Bruce Tabashnik, UA 

entomology professor and lead author 
of the study. "Resistance has not 
evolved as quickly as expected." To 
help delay resistance, the EPA requires 
that farmers who grow Bt cotton must 
also plant refuges of cotton without Bt 
toxin to allow survival of pests that are 
not resistant. 

To understand why resistance has 
not evolved as predicted, the scientists 
are developing new computer models 
that incorporate the latest data and are 
expanding field monitoring and re- 
search on resistance genetics and ecol- 
ogy. Recent results suggest that on or- 
dinary cotton, resistant pests suffer a 
competitive disadvantage relative to 
non -resistant pests. Nonetheless, the 
scientists continue to prepare for resis- 
tance problems in the future. 

Tim Dennehy, professor of entomol- 
ogy and leader of the Extension Ar- 
thropod Resistance Management Labo- 
ratory (see sidebar), is the principal in- 
vestigator on a new collaborative 
project on insect resistance to Bt cotton, 
with Yves Charrière, assistant profes- 
sor of entomology, Tabashnik and oth- 
ers. In this effort, funded by the USDA 
for three years, UA faculty will work 
with scientists from other organiza- 
tions in Arizona, New Mexico State 
University and the California Depart- 
ment of Food and Agriculture. The 
goals of the project are to better under- 
stand the risks and benefits of Bt cotton 
and to educate growers and the public 
about Bt cotton. 

"Bt cotton has helped to reduce in- 
secticide use in Arizona cotton to the 
lowest levels in the past 20 years," said 
co- author Larry Antilla of the 
grower- supported Arizona Cotton Re- 
search and Protection Council. "This 
benefits the public, farm workers, and 
the environment." Annual gains to Ari- 
zona Bt cotton adopters have averaged 
between $6 and 10 million, or $15,000 
per farm. 

2 The University of Arizona College of Agriculture and Life Sciences 



0 

Detecting Bacterial Pathogens in Oysters 
Program targets Campylobacter and Salmonella by Susan McGinley 

ysters on the half shell lose 
their glamour if they've 
got Campylobacter or Salmo- 

nella lurking in their tissues. These 
bacterial pathogens are leading causes 
of food -borne illness around the 
world and are a particular concern in 
raw or lightly cooked shellfish (see 

sidebar). 
"Both of these bacteria are normal 

flora in chickens, but when they get 
into humans, they cause disease," says 
Lynn Joens, a UA veterinary microbi- 
ologist who is testing clams and 
oysters from both U.S. coasts for the 
presence of Campylobacter and 
Salmonella. Unlike poultry and other 
hosts, shellfish do not usually harbor 
these organisms, but they acquire 
them by filtering water through their 
systems and concentrating them in 
their meat. 

Some shellfish species reside in 
estuaries where fecal runoff from 
sewage may pollute the water and 
penetrate their tissues. Because 
shellfish feed by filtering water to 
gather nutrients, they also pick up 
fecal pathogens which can thrive in 
their tissues without killing them. 

Joens and his colleagues, including 
veterinary scientist John Maré, want 
to determine the extent of shellfish 
contamination for Salmonella and 
Campylobacter across the U.S. With 
help from the USDA and the North 
Carolina Department of Fisheries, 
they have begun collecting clams and 
oysters from several bays and rivers 
in Oregon and North Carolina. 

"We've found Salmonella in fifty to 
seventy percent of the clams and 
oysters we've tested," Joens says. The 
incidence of Campylobacter has been 
much lower -about ten to fifteen 
percent. "We're checking various 
types of seafood, but we're concen- 
trating on oysters since they are most 
often eaten raw." 

Each state regulates its own oyster 
farms. "Most states test the water, but 
only for E. coli, as defined by FDA 
regulations," Joens notes. Commercial 
shellfish farms use a method called 

depuration to reduce the concentra- 
tion of E. coli in oysters, but it doesn't 
work on either of the other two 
bacteria, according to his findings. 

The technique involves putting the 
oysters in a tank of water and 
changing the water periodically, while 
testing it at intervals to make sure the 
bacteria are gone. This gets rid of the 
E. coli, but unfortunately the oyster 
itself concentrates more and more 
Salmonella and Campylobacter in its 
tissues as the water is filtered. "You 
actually have to test the meat to 
determine the amount of contamina- 
tion," Joens says. 

His strategy is to bring attention to 
contaminated rivers and bays by 
testing oyster meat from different 
locations for the presence of the two 
pathogens, then tracing back up those 
rivers to find the sources of the 
pollution. "We'll report our findings 
tú the FDA so that they can clean up 
the contamination sources," Joens 
says. He plans to expand the testing 
program to include samples from 
locations up and down both coasts 
and the Gulf of Mexico. "We want to 
find the contamination so growers 
and restaurants across the country can 
sell their oysters to the public without 
making them sick." 

About Campylobacter and 
Salmonella 

Although most people have never 
heard of Campylobacter, this hardy 
bacterial pathogen causes plenty of 
trouble worldwide. Both Campylobacter 
and Salmonella species can survive in 

meat products, and in fresh and salt 
water for days. 

In Arizona, Salmonella is the number 
one cause of food -borne illness; 
Campylobacter is third, according to 
Lynn Joens, UA veterinary microbiolo- 
gist. More Campylobacter food poison- 
ings have been reported since 1998. 
He says most people pick both of these 
up by eating uncooked poultry left be- 
hind on improperly washed cutting 
boards and counter tops. The usual 
scenario is the barbecue. 

"People will trim the raw chicken on 
the cutting board, transfer it to a plate, 
take it to the barbecue, cook it, and then 
put it back on the same unwashed plate 
and cutting board the raw chicken was 
on," Joens says. "Salmonella in par- 
ticular is on both the skin of the poultry 
and in the meat, and doesn't just wash 
off. Only cooking to the proper tem- 
perature of 160 degrees gets rid of it." 

Shellfish don't normally harbor 
Campylobacteror Salmonella, but they 
do collect these bacteria by filtering con- 
taminants from water as they feed. 
Cooked shellfish poses no threat, but 
oysters, which are most often con- 
sumed raw, may hold these contami- 
nants for months before harvest. 

Joens says the preva- 
lence of Campylobacter 
and Salmonella food poison- 
ing may be higher than cur- 
rent figures show because 
a lot of cases probably go 
unreported. 

Lynn Joens 

(520) 621 -4687 
joens@ag.arizona.edu 
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Controlled Environment Agriculture 
Greenhouses feature high -tech hydroponics by Joanne Little field 

A 1998 state mandate and subse- 
quent funding made it possible for the 
College of Agriculture and Life Sci- 
ences (CALS) to begin building a new 
hydroponic greenhouse facility at the 
Campus Agricultural Center in Tuc- 
son. The facility, with 5000 square feet 
of floor area, was completed just 
weeks before school started in Au- 
gust 2000 when Gene Giacomelli 
came on board as director of the pro- 
gram. He has been researching hy- 
droponic tomato production at Rutgers 
University since 1980. He says his 
unique `hybrid' background (plant sci- 
ence and agricultural engineering) 
gives him the right balance in devel- 
oping a program for tomorrow's green- 
house employees, and in research- 
ing new alternative production tech- 
nologies. 

Besides Giacomelli, other CALS fac- 
ulty active in the CEA Program include 
Pat Rorabaugh, assistant research 
scientist, and Merle Jensen, assis- 
tant dean for sponsored research. An 
additional plant sciences faculty mem- 
ber with expertise in CEA plant physi- 
ology will be hired in 2001. Plant Sci- 
ence 217 (Hydroponic Greenhouse 
Production) is the first class to be of- 
fered through the program at the new 
facility. Rorabaugh and Jensen de- 
veloped and taught the course to 15 
new students in fall 2000. 

Gene Giacomelli 
(520) 621 -1607 
giacomel@ag.arizona.edu 
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Ai, increase to the bottom line 
is the goal of agricultural 
producers today, and they do 

that by continually seeking new and 
better ways to achieve peak perfor- 
mance and top yields from their crops. 
In many Arizona communities where 
prime agricultural land is being 
developed for housing or industrial 
use, agricultural production is some- 
times forced out to locations with 
potentially poor soil, more expensive 
land and increased water costs. 

Getting the most out of the plants by 
controlling such things as humidity, 
light and temperature has been 
achieved for years through the use of 
row crop covers, mulching and 
greenhouse production. Greenhouse 
production in the extreme is what the 
Controlled Environment Agriculture 
Program (CEA) at the University of 
Arizona is all about. Every aspect of a 
plant's environment is analyzed and 
adjusted as needed. These include 
irrigation, nutrient uptake, lighting, 
carbon dioxide and humidity. 

Students are cultivating and harvest- 
ing tomatoes, peppers and cucumbers. 
Additional classes are being developed 
in cooperation with faculty from other 
College of Agriculture and Life Sciences 
(CALS) departments including ento- 
mology, plant sciences and agricultural 
and biosystems engineering. 

Gene Giacomelli, director of the CEA 
program, says that by combining 
sound plant science training with the 

technology of the future, CALS 
students will be an asset to Arizona 
employers. "We hope to teach and 
send to the workforce employees 
better able to solve production 
problems in a hydroponic growing 
situation where the environment is 
controlled through the marvels of 
engineering," Giacomelli says. Empha- 
sis is placed on the design of 
cost -effective systems, processes and 
equipment that will generate high 
yields of quality produce. 

Because bees are used to pollinate 
the crops, pest control strategies in the 
greenhouse emphasize natural 
methods. These include proper 
sanitation and cleaning, pest exclusion 
with barriers, and the use of beneficial 
insect predators, such as parasitic 
wasps. 

There is an increased capital outlay in 
intensive greenhouse operations for 
buildings and hydroponic crop 
production systems. Economics are 
often the bottom line in the decision to 
build. Giacomelli notes that the profit 
differences between hydroponic 
production and traditional field 
cultivation are astounding. "Yield data 
show that tomato production is 600,000 
pounds per acre in the greenhouse 
versus 60,000 pounds per acre in the 
field, or 60 pounds per plant in the 
greenhouse versus 6 pounds in the 
field." 

Canada and Mexico have thousands 
of acres under greenhouse- protected 
cultivation, but it is a relatively new 
industry in Arizona. The state has only 
200 acres of greenhouses, primarily in 
Cochise County. It has been estimated 
that more than $100 million has been 
added to the Arizona economy during 
the last eight years from the green- 
house hydroponic crop production 
industry. 

Giacomelli says that in addition to 
classroom instruction and research, 
information will be provided to local 
growers through extension agents 
statewide, as well as through newslet- 
ters, workshops and an interactive web 
site. 

The University of Arizona College of Agriculture and Life Sciences 



Aeroponic Herbs 
A cultivation system for clean, consistent root crops by Susan McGinley 

A s the U.S. demand for 
medicinal herbs skyrockets, 
so does the need for high 

quality raw herbal plant material, 
including roots, bark, leaves, flowers 
and seeds. Many traditional herbs can 
be difficult and time -consuming to 
cultivate and harvest, and the amount 
of active constituents may vary from 
one plant to the next. Anita "Teena" 
Hayden and Guillermo "Bill" Quiroga 
are testing a lesser known horticul- 
tural method called aeroponics to 
grow cleaner, more consistent herbs 
for a special product line under the 
name "Native American Botanics" (see 
sidebar). 

"We're looking at this method as an 
avenue of economic development for 
interested Indian tribes throughout 
both North and South America," says 
Hayden, principal investigator and a 
doctoral student in the Office of Arid 
Lands Studies (OALS), part of the Uni- 
versity of Arizona's College of Agri- 
cultural and Life Sciences. "We want 
to make sure the information is ac- 
ceptable culturally as well as environ- 
mentally. We've had interest from 
tribes all over the country, including 
some who want to get out of growing 
tobacco and diversify into other 
crops." 

Hayden began preliminary work 
several years ago at the OALS 
Bioresources Research Facility, and is 
currently conducting this research 
through the Controlled Environment 
Agriculture Center's greenhouse com- 
plex at the Campus Agricultural Cen- 
ter in Tucson. To test the system, 
Hayden and Quiroga decided to start 
with just one herb: Arctium lappa, or 
burdock, a biennial plant used as a 
blood purifier by Native American 
tribes for centuries. The root is cur- 
rently marketed in the U.S. as an 
herbal dietary supplement, and pro- 
duces a high biomass in a short 
amount of time, up to a pound of 
fresh root in one growing season. 

"This plant has a very deep tap 
root," Hayden says. Harvesting field - 
grown burdock involves digging a 

ditch next to the plants, yanking 
the 12 to 36 inch roots -often by 
hand -and washing off the grit. 

Aeroponics, a type of hydro- 
ponic greenhouse agriculture, 
eliminates all of that because the 
plants are grown without soil or 
aggregate media of any kind. In- 
stead, the seedlings are trans- 
planted into wooden frames with 
their roots suspended in an en- 
closed chamber below. Irrigation 
water containing nutrients is 
sprayed on the roots, which remain 
clean and unadulterated by other 
plant roots, insects or soil patho- 
gens. 

"This method is much cleaner, more 
water efficient and far less labor inten- 
sive than soil production," Hayden 
says. "It also features a higher density 
per square foot of greenhouse space 
than conventional greenhouse produc- 
tion schemes." 

Because phytochemicals -the me- 
dicinally active ingredients in plants - 
can vary in response to environmen- 
tal influences, the goal of this project is 
to develop a horticultural system that 
reduces environmental variation to 
improve the uniformity of the plant 
material, according to Hayden. Her 
experimental design maximizes root 
production. She will dry the roots af- 
ter harvest and analyze their horticul- 
tural and phytochemical yields statisti- 
cally against figures for roots grown 
in soil. Future studies will evaluate 
other root crops, as well as automated 
systems for successive harvests of 
roots from perennial species. 

Hayden and Quiroga have already 
given presentations on this technique 
to two tribes: Cherokee in Oklahoma, 
and the Pascua Yaqui in Tucson. 
"More research needs to be done be- 
fore we build the larger units," she 
says. "The commercial potential for 
this technology lies in providing large 
and small scale growers a method for 
producing clean, consistent raw mate- 
rials for the herbal and 
phytopharmaceutical industries. " 

,,, a. 1116, 

Native American Botanics 
"Native American Herbs by Native 
Americans" 

Native American Botanics Corpora- 
tion is dedicated to developing agricul- 
tural opportunities for low- income na- 
tive Americans through the production 
and marketing of native, traditional 
herbs as a branded product in the 
herbal dietary supplement industry. 

Guillermo "Bill" Quiroga, a Pascua 
Yaqui from Tucson, is president and 
CEO of the company, joined by Anita 
"Teena" Hayden, vice president and 
chief development officer. Quiroga is a 
1998 MBA graduate of the UA's Col- 
lege of Business and Public Adminis- 
tration and Hayden, who also attended 
the UA's business college, is currently 
pursuing a doctorate in Arid Land Stud- 
ies in the College of Agriculture and Life 
Sciences. 

Quiroga manages and operates the 
company; Hayden researches and 
develops its production methods. Their 
work is supported through three fed- 
eral Small Business Innovation Re- 
search grants, including a recent 
$93,000 grant from the National Insti- 
tutes of Health's National Center for 
Complementary and Alternative Medi- 
cine; two USDA grants in rural and com- 
munity development, and marketing 
and trade; and a $150,000 convertible 
loan from the Pascua Yaqui Tribe. 

The company is currently focusing 
on marketing traditional herbs and re- 
searching efficient production methods 
for high value herbs. 

Teena Hayden 
(520) 883 -8300 
hayden@nativeamericanbotanics.com 

The University of Arizona College of Agriculture and Life Sciences 5 



From Conception to Consumer 
A comprehensive beef production program by Susan McGinley 

The University of Arizona's V 
Bar V Ranch in north central 
Arizona is cooperating with 

scientists on campus and with beef 
industry professionals to develop 
strategies that improve beef produc- 
tion right down the line, from 
"conception to consumer," according 
to Mark Enns, a professor of animal 
sciences and a participant in the V Bar 
V research program coordinated by 
resident director David Schafer. 

"We've tried to set up something 
that mimics the entire beef industry," 
Enns says. Cattle that are born and 
bred on the ranch are later weaned 
and shipped to the West Campus 
Agricultural Center's feedlot in 
Tucson. Meat cuts from these animals 
have been tested at local markets. "All 
cattle research we do at the V Bar V is 
designed to increase the profitability 
of beef production in Arizona," Enns 
says. "We want the Arizona producer 
to stay in business, make money and 
produce beef the consumers want to 
eat." 
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THE V BAR V RANCH 

The V Bar V is a working ranch 
where faculty and staff in the Depart- 
ment of Animal Sciences, the Depart- 
ment of Veterinary Science and Mi- 
crobiology, and other UA College of 
Agriculture and Life Sciences depart- 
ments collaborate on applied re- 
search to develop and improve beef 
production strategies 
that will serve real 
needs of commercial 
ranchers. The value 
of all cattle and calves 
in Arizona is approxi- 
mately $580 million. 

ESTRUS TIMING 

To reduce the time and money 
ranchers spend in physically breeding 
cows with bulls, animal sciences 
graduate student Clay Carlson is 
studying ways to stimulate all of the 
cows in a herd to come into estrus 
simultaneously. Ranchers can then 
perform artificial insemination on the 
cows together using semen from the 
most desirable bulls. 

Carlson has tested four different 
estrus synchronization protocols on 
cows from three different breeds: 
straight Hereford, Bar T Bar compos- 
ite, and a mixed breed. The protocols 
offer more flexibility to the rancher in 
breeding, and can actually cut the cost 
by 30 to 40 percent over traditional 
methods. 

MINERAL SUPPLEMENTS 

Extension animal science specialist 
Jim Sprinkle is testing selenium and 
copper supplementation in the V Bar 
V herd to prevent reproductive and 
immune problems in cows and calves. 
Copper is not available to the plants in 
Arizona, and the V Bar V ranch soil is 
deficient in selenium. 

Sprinkle is inserting a mineral bolus 
(tablet), provided by Telsol, Ltd, 
England, down the esophagus into the 
rumen. Preliminary results show 
some positive effects on reproductive 
rates in the cows, meaning that a 
producer could potentially increase 

Mark Enns 
(520) 626 -7266 
menns @ag.arizona.edu 
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the number of calves sold the follow- 
ing year by inserting the bolus before 
the breeding season. At the feedlot in 
Tucson, Sprinkle is measuring the 
excretion levels of selenium and 
copper in the animals to determine 
whether they are getting enough, and 
to make sure they are not excreting 
excess amounts of these nutrients into 
the environment. 

REPLACEMENT ANIMALS 

To help identify animals that have 
a greater chance of producing a calf 
every year, graduate student Heather 
Salazar is looking at improved 
methods for choosing replacement 
females for the cow herd. Borrowing 
an idea from the sheep industry, 
Salazar is injecting GNRH, a naturally 
occurring hormone, into V Bar V 
heifers in the feedlot and measuring 
the amount of luteinizing (reproduc- 
tive) hormone the cow produces in 
response to the injection. Higher 
levels of this hormone indicate 
increased fertility and a greater 
potential reproduction rate. Repro- 
ductive ability in cows is the single 
most important factor affecting 
profitability. 

MEAT QUALITY 

David Auhl, an animal sciences 
graduate student, is conducting a 
study at the West Campus Agricul- 
tural Center in Tucson to determine 
optimum management practices for 
producing both conventional and 
natural beef. He is focusing on the 
best feed for each, and the resulting 
quality of the meat. A taste panel at 
the UA meat lab is rating the beef cuts 
for flavor, tenderness, juiciness and 
mouth feel. Both types of beef are 
grain fed, but the protein content in 
the feed is different, and natural beef 
animals receive no growth 
promotants or antibiotics. The idea is 
to identify the animals best suited for 
each product, then feed and market 
them appropriately. 

The University of Arizona College of Agriculture and Life Sciences 



Information for the Elk Herd Debate in Arizona 
Tracking elk populations by satellite by Joanne Littlefield 

Studies of satellite and field data are providing natural resource planners with 
information about the size and location of Arizona's elk herds. 

Arizona ranchers who lease 
state and federal land must 
submit a grazing plan for an 

entire year in advance. Depending on 
weather and vegetation, cattle may be 
left on the range with less than 
adequate forage. In addition, there 
has been a great deal of debate about 
the elk population in Arizona over the 
past several years. The groups of 
people interested in learning about 
the exact numbers of elk and where 
they range are as varied as the state's 
demographics: ranchers; environmen- 
talists; state, federal and local game 
and land stewards; university re- 
searchers; even state legislators. 

Although elk were once the most 
widely distributed members of the 
deer family in North America, 
hunting and agriculture pressures 
decreased herd size to such a low 
number in Arizona that, 83 elk from a 
Yellowstone Park herd were reintro- 
duced along the Mogollon Rim in 
1913. Today elk and cattle often share 
the same range. Ranchers who feel 
that elk compete with cattle for forage 
and also damage crops would like to 
see their numbers reduced. The 
debate sometimes ends up at the 
Arizona state capitol. 

Raytheon Corporation has funded a 
year -long University of Arizona study 
of satellite and field data to develop a 
new information product to aid 
natural resource planners. Charles 
Hutchinson and Stuart Marsh of the 
Arizona Remote Sensing Center 
(ARSC) at the Office of Arid Lands 
Studies have been working with 
fellow principal investigators Paul 
Krausman and Larry Howery of the 
School of Renewable Natural Re- 
sources and Mark Enns from the 
Department of Animal Sciences on 
this interdisciplinary study. All are 
from the College of Agriculture and 

Life Sciences. Satellite images for the 
study have come from the university's 
Arizona Regional Image Archive 
(ARIA): http: / /aria.arizona.edu). 

ARSC associate director Stuart 
Marsh says that by using satellite 
imagery and statistical analysis, the 
research team hopes to relate green- 
ness measures and weather patterns 
to range conditions and elk popula- 
tions so that land -use managers can a 
make more informed, proactive 
decisions. 

"Preliminary research results 
suggest that satellite data can be used 
to help estimate the size and location 
of elk herds," Marsh says. "Results 
also show that elk may be responding 
to climate variations associated with El 
Niño (wet years in Arizona) and La 
Niña (dry years, like 2000). By 
applying NASA Earth Observing 
System (EOS) satellite observations of 
the earth we can monitor and make 
assessments of range conditions across 
the entire state." 

Elk and cattle on the range at the 
V Bar V Ranch. 

Stuart Marsh 
(520) 621 -8574 
smarsh@ag.arizona.edu 

The project study area encompasses 
the Walker Basin area in central 
Arizona. Marsh says this area was 
chosen because it hosts elk and cattle 
and contains the large V Bar V Ranch, 
a working and demonstration ranch 
owned and operated by the College 
of Agriculture and Life Sciences. 
"Participating UA researchers have 
compiled detailed knowledge of this 
area, which makes it an ideal valida- 
tion site for our project." 

"Preliminary research results suggest that satellite data can be used to help 
estimate the size and location of elk herds," Marsh says. 
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Children and Lying 
Study focuses on reasons why by Susan McGinley 

To find out what kinds of lies children 
use, and when they start using them, 
researchers at the UA developed an 
interview format consisting of open - 
ended situations where children had 
to decide whether or not they would 
lie. The participants were also asked 
whether they felt lying was right or 
wrong in each situation, and they dis- 
cussed their reasons for their judge- 
ments. The study looked at four types 
of lies: 

Pro -social: Lying to protect 
someone, to benefit or help 
others. 
Self -enhancement Lying to 
save face, avoid embar- 
rassment, disapproval or 
punishment. These lies are 
not intended to hurt anyone, 
rather they benefit the self. 
Selfish: Lying to protect the 
self at the expense of an- 
other, and /or to conceal a 
misdeed. 
Anti -social: Lying to hurt 
someone else intentionally. 

An example vignette features a 
bully who is looking for the child's 
friend. Does the child tell the bully 
where the friend is, or lie? In this 
case, most of the participants said 
they'd lie to protect their friend. They 
believed for the most part that it was 
not wrong to lie in this way, because 
the motive was to benefit someone 
else. 

Wendy Gamble 
(520) 621 -7138 
wgamble@u.arizona.edu 

A recent University of Arizona study on lying in children reveals that lying 
increases as children age, and that the majority of these are pro -social, or 

"white lies," intended to benefit or help others. 

"The dog ate my homework." "He 
started it." "I'm sick today." "She's not 
here." Children tell these lies frequently, 
often to avoid punishment, ward off 
embarrassment, or even protect 
someone. Even though children 
seemingly tell lies for the same reasons 
adults do, lying tends to be condemned 
more often in children as morally 
wrong, according to Wendy Gamble, a 
behavioral scientist in the University of 
Arizona School of Family and Con- 
sumer Sciences (SFCS). 

"We have to get a handle on lying in 
social relationships early on in kids 
because it has implications for how they 
behave down the line," she maintains. 
"A tendency to lie or deceive will affect 
the way children form and maintain 
relationships with others. Honesty is the 
basis of effective communication and 
healthy relationships. Rather than 
dismiss all lying as bad, however, we 
should tailor our socialization messages 
to reflect that deception is common and 
frequently socially acceptable." 

Gamble notes that parents and other 
professionals working with children 
may need to discuss this issue in terms of 
when and to whom it may be appropri- 
ate to lie, rather than saying lying is 
absolutely wrong at any time. 

"Our data suggest that even children 
in first grade can understand the 
distinctions," Gamble says. "Our 

i disciplinary strategies 

{ 

need to be in tune with 
their maturing 
understanding of these 
behaviors." Gamble 
believes that lies need 
to be examined 
without a moral bias to 
learn more about how 
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children adjust socially. 
To find out more 

about why children lie 
and how that fits into 
their social interactions 
Gamble conducted a 
study of both positive 

and negative types of lies among 98 
school children in Tucson last year. All of 
the students participated voluntarily, with 
their parents' permission. SFCS graduate 
student Julie Chiao Pin Wang and two 
undergraduate students interviewed the 
children individually during after- school 
programs (see sidebar). 

Preliminary results from the audio- 
taped, transcribed interviews show that 
truth- telling exceeded lying for all of the 
children, but lying increased with age, 
and the lies were mostly pro-social 
(designed to benefit someone.) Very few 
of the lies were anti- social (deliberately 
hurtful to others), and there were no 
gender differences in the numbers and 
types of lies told. 

"White lies are almost universally 
accepted among adults, but lying is 
considered naughty in children, and a 
precursor to other behavioral problems," 
Gamble says. "Although the sheer 
numbers and types of lies increased 
among the older children, the good news 
is that they were intended to benefit 
another person or protect someone's 
feelings." 

Surprisingly -or maybe not-the 
results showed a tendency for children to 
tell more pro -social lies among their 
peers, and more selfish and self- enhance- 
ment lies to their mothers. 

"Although age is important, the 
recipient of the lies makes a difference as 
well," Gamble says. "College -age 
students in another study also told more 
lies to their mothers." 

She cautions that these results are 
preliminary and that more study is 
needed, particularly to clarify the parents' 
roles in children's lying and to determine 
cultural differences. 

"We'd also like to study why some 
children continue to lie even when it 
doesn't serve any apparent purpose," 
Gamble says. "And because the children 
in the study were mostly from middle - 
dass backgrounds, the next step would 
be to look at cultural and socioeconomic 
differences." 
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New Tests Help Diagnose Diseases in Pets 
Lab's services assist veterinarians by Susan McGinley 

Veterinarians spend a lot of time diagnosing and treating pets. The UA's 
Arizona Veterinary Diagnostic Laboratory now offers highly accurate tests 

featuring polymerase chain reaction, or PCR, a gene -based assay that gives 
a more rapid turnaround usually a day. 

ou've just come home from work to 
Yfind your dog slumped on the floor 
with fluid oozing from his eyes and 

nose. He's sluggish and hasn't eaten the food 
you left him. Is this canine distemper? Newer 
DNA -based tests now offered through the 
Arizona Veterinary Diagnostic Laboratory 
(AzVDL) in Tucson can help your veterinar- 
ian figure that out more accurately and rap- 
idly. 

"In big cities, there's quite a lot of disease 
that goes around among pet animals," says 
Jim Collins, head of the UA Department of 
Veterinary Science and Microbiology which 
includes the AzVDL. "Some illnesses are dif- 
ficult to recognize clinically just by examining 
an animal. The treatment depends on an ac- 
curate diagnosis. At the diagnostic lab we've 
brought in more sensitive and specific tests, 
and developed some ourselves, to help evalu- 
ate animals that are ill with common infec- 
tious diseases." 

Since veterinarians spend a lot of time treat- 
ing pets, the tests offered through the diag- 
nostic laboratory are designed to save time. 
Some use polymerase chain reaction, or PCR, 
a gene -based assay that gives a more rapid 
turnaround- usually a day. 

"Previous methods could take a week or 
more," Collins says. "The advantage is the 
sooner the veterinarian knows what caused 
the disease, the faster it can be treated to avoid 
its spread to neighboring animals." 

Veterinarians send specimens to the lab, 
induding tissue biopsies, fluid samples (blood, 
urine, feces) and sometimes entire animals. 
The tests are less expensive than commercial 
labs; many run from $10 to $20 each. 

The range of PCR tests offered through 
the lab covers common illnesses in most do- 
mestic pet species: cats, dogs, horses, and 
birds; plus goats and sheep. The AzVDL is 
one of two laboratories in North America 
currently offering PCR testing for infectious 
feline conjunctivitis. A partial list (not includ- 
ing food animal tests) includes the following 
tests: 

The Arizona Veterinary 
Diagnostic Laboratory (AzVDL) 

Of This Tucson laboratory provides 
services to veterinarians, animal 
owners and federal and state agen- 

cies for the diagnosis of 
disease problems of live- 
stock, companion ani- 
mals, zoo and wild spe- 
cies. Facilities include 
modern bacteriology, vi- 
rology, toxicology and pa- 
thology laboratories, as 
well as necropsy rooms 
for small and large ani- 
mals. Diagnostic faculty 
members participate in 
applied research studies 
involving disease prob- 
lems of agricultural signifi- 
cance and field investiga- 
tions of range livestock 
problems referred by 

practicing veterinarians. 
The AzVDL has been accredited 

by the American Association of Vet- 
erinary Laboratory Diagnosticians 
as a full- service veterinary diagnos- 
tic laboratory for all species. This lab 
is now one of 36 such accredited 
labs in the U.S. and Canada. As part 
of the UA Department of Veterinary 
Science and Microbiology, the labo- 
ratory is supported by a combina- 
tion of state funds and user fees. It 

is located in the West Campus Agri- 
cultural Center, and is open to the 
public Monday through Friday from 
8:00 a.m. to 5:00 p.m. 

A quarterly publication, the AzVDL 
newsletter, is available in hard copy 
or online at 

Dogs: Canine Distemper 
Virus; Ehrlichia canis 

Cats: Feline conjunctivitis 
caused by Feline Herpes 
Virus; Chlamydia 
conjunctivitis; Feline 
Immunodeficiency Virus 

Horses: Equine Herpes 
Viruses 1 and 4 

Goats: Caprine Arthritis 
Encephalitis Virus (CAEV) 

Birds: Psittacosis (Chlamydia) 

These tests have been offered at the 
AzVDL since March 2000. Collins be- 
gan some of this work at Colorado 
State University in 1995 before coming 
to the UA in 1999. Lyn Stadler is the 
new PCR lab manager in charge of per- 
forming and developing PCR tests. 

"The speed and accuracy of these 
tests has made them popular," Collins 
says. Veterinarians in Tucson and Phoe- 
nix are using the service, along with 
PETsMART in -store clinics in Phoenix. 
Requests for PCR testing have also 
come from as far as Maryland, 
Scandinavia, South America, and Japan. 
"Veterinarians have told us that some 
of these PCR tests have really changed 
their understanding of certain diseases," 
he says. 

microvet.arizona.com 

Bob Glock, director Arizona 
Veterinary Diagnostic Laboratory 
(AzVDL) 
(520) 621 -2356 
rglock @ag.arizona.edu 

Specific instructions for collection 
of specimens and the interpretation 
of the tests are available for each 
individual test. For more information 
contact: 

Jim Collins, head, Department of 
Veterinary Science and Microbiology 
(520) 621 -4466 
jimc @ag.arizona.edu 
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Iron Metabolism in Humans and Insects 
Implications for human health and for insect control by Susan McGinley 

Tobaccco horn worm, 
Manduca sexta, is a 
major crop pest. 

Joy Winzerling 
(520)626 -2285 
jwinzerl@ag.arizona.edu 

Iron availability affects a wide 
range of biological processes in 
humans and other species. It is 

required for the health of premature 
infants. It also is implicated in lung 
diseases that can follow smoke 
exposure and in the way a mosquito 
uses a blood meal. A cross -disciplinary 
team of scientists and students in the 
Department of Nutritional Sciences at 
the University of Arizona is studying 
these problems and others to under- 
stand more about iron metabolism in 
humans and insects. 

"There is a well- defined pathway in 
humans for iron uptake and storage 
by cells," says Joy Winzerling, a 
clinical dietitian and assistant profes- 
sor who directs the program. "We've 
used that pathway to look at iron 
metabolism in other organisms. We 
are looking for iron- binding proteins 
in insects that are similar to those 
found in mammals, and they do have 
them, but it looks like they might 
function in different ways." 

INSECT RESEARCH 

Aedes adgypti is a mosquito native 
to the Southwest that can transmit the 
viruses for either dengue or yellow 
fever to the human host during blood 
feeding, according to Winzerling. 
"When a female mosquito takes a 
blood meal it gets a high load of iron," 
she says. "We want to know how it 
adapts to that iron load." 

With funding from the NIH, 
Winzerling and her lab are working 
on a five -year study with UA chemist 
Ann Walker, Stanford University 
synchrontron laboratory scientist 
Graham George, and Daphne Pham 
of the University of Wisconsin to 
study the way A. aegypti adapts to the 
iron load of blood feeding. This work 
could also apply to A. gambiae, the 
mosquito that carries malaria. 
"Understanding iron metabolism in 
blood -feeding insects that act as 
disease vectors could suggest new 
strategies for vector or infectious 
agent control," she explains. 

In another insect study funded by 
the USDA, Winzerling and her lab 
team are investigating iron uptake in 
Manduca sexta, the tobacco horn- 
worm, a major crop pest. In character- 
izing the iron pathway in this insect, 
Winzerling hopes to apply some of 
the information to solving the puzzle 
in mosquitoes as well. "If our studies 
are fruitful, they will provide basic 
information on iron metabolism in 
insects and potential opportunities for 
the development of insect control 
strategies in crops." 

HUMAN INFANTS 

Premature infants often do not 
have sufficient blood cells to meet 
their needs, so they are given transfu- 
sions. They can also receive erythro- 
poietin, or EPO, a protein that 
stimulates red blood cell formation. 
Iron is required for red blood cell 
formation and premature infants have 
low iron stores. Winzerling and her 
team are collaborating with Dr. Pam 
Kling at the University of Arizona 
Medical Center's Department of 
Pediatrics to study the effects of 
transfusion on oxidative metabolism 
and iron metabolism in premature 
babies as well as in rat pups, a good 
model of iron metabolism in the 
developing infant. 

"It's entirely possible that the act of 
transfusing could suppress the 
function of the iron pathway in some 
tissues in favor of red blood cell 
formation," Winzerling says. "We're 
looking at the recovery time for the 
pathway that allows iron uptake into 
cells to help find the best course of 
treatment with EPO and iron supple- 
ments. There is also a possibility that 
transfusion could create oxidative 
products that might require an 
increase in anti- oxidants to benefit the 
baby." The work combines Kling's 
neonatal and clinical laboratory 
expertise with Winzerling's basic 
research expertise. "This is a long- 
term project that could have substan- 
tial impact in the treatment of 
premature infants." 

HUMAN LUNGS 

The lung fluids of smokers with 
tumors contain more ferritin, an iron 
storage protein, and iron than normal. 
Winzerling's group is studying iron 
toxicity from smoke exposure in lung 
cells. "There is a potential relationship 
between iron from smoke and lung 
disease," she says. "We're using 
cDNA arrays to evaluate the effect of 
iron on cell growth and death. As with 
many nutrients, a little iron is good, 
more is not necessarily better." 
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DNA Chips Boost Dairy Research 
Gene microarrays target heat stress in cows by Susan McGinley 

Arizona's cattle endure intense 
solar radiation and thus heat 
stress, which lowers milk pro- 

duction. A University of Arizona pro- 
gram underway in the Department of 
Animal Sciences uses DNA microarrays 
to identify genes related to susceptibil- 
ity as well as resistance to heat stress in 
cattle. The genes in this library, num- 
bering in the thousands, will then serve 
as markers for selecting animals that 
can thrive in central and southern 
Arizona's desert climate. 

"As productivity of domestic animals 
increases, their heat production also in- 
creases, making them more susceptible 
to thermal stress," says Robert Collier, 
an environmental physiologist in 
charge of the program. "We're looking 
at genes associated with production 
traits such as milk production, repro- 
duction and growth, as well as resis- 
tance to thermal stress." The study em- 
phasizes both gene function and physi- 
cal factors in a production environ- 
ment. 

Collier is working with Holstein and 
Brown Swiss cows at the Campus Agri- 
cultural Center in Tucson. Within the 
next year, the College of Agriculture 
and Life Sciences will construct the Ag- 
ricultural Research Complex (ARC). 

"This building will mimic conditions 
outdoors," Collier says. "It will have 
special light panels that can change in 
intensity, plus temperature controls so 
we can develop new ways to deter- 
mine each cow's internal heat stress. 
The animals will undergo short -term 
testing, and will not be exposed to any 
conditions they don't normally endure 
in the natural environment." 

For the gene expression work, 
Collier and his team, which includes 
two laboratory staff members, one 
postdoctoral associate and three gradu- 
ate students, are constructing 
microarrays using genes from the tis- 
sues of UA cows processed through the 
campus packing plant. 

"A DNA microarray is a glass 
slide -"chip" -with all of the genes in 
the database arrayed across its sur- 
face," Collier explains. "It permits us to 

evaluate 10,000 genes simultaneously, 
so we can find out what is changing as 
animals adapt to heat stress." 

Collier's lab group is assembling a 
collection of genes that includes DNA 
microarrays developed on campus and 
from other sources, including a 10,000 - 
clone database from Monsanto, and a 
5,000 -gene microarray of cattle skin 
genes from a group they are collabo- 
rating with in Australia. That database 
will be used to determine the effect of 
external heat stress on cows at the UA 
and will identify which genes should be 
included in the "bovine chip." 

After the microchips are constructed, 
the researchers will take blood and tis- 
sue samples from cattle, screen them 
against the microarrays, and measure 
the activity of particular genes in each 
animal. Certain genes will then be used 
as selection markers to assist in choos- 
ing cows with the most appropriate 
characteristics. 

"Once the platform is built, we want 
to make sure it has broad applications," 
Collier says. "Animal sciences faculty 
will look at these genes in their breed- 
ing schemes to see if they are useful 
markers or not. Other scientists will be 
able to use the microarrays in this data- 
base not just for thermal aspects, but 

for any studies related to production in 
sheep, horses, and other domestic spe- 
cies." 

Collier hopes his research will assist 
in identifying superior animals as well 
as the in the development of better 
facilities that protect dairy cows from 
the hot, arid conditions they endure in 
Arizona. As the cows produce more 
milk under less stress, production costs 
will decrease and the cows will remain 
héalthier. 

What is a Gene Microarray? 

Molecular biologists are used to 
performing experiments using one 
gene at a time. With DNA microarrays 
(also known as gene arrays, gene 
chips, DNA chips and genome chips), 
scientists can evaluate thousands of 
genes simultaneously.This greatly 
speeds analysis and interpretation, 
allowing researchers to "see the big 
picture" much faster. 

This exciting new tool consists of 
thousands of DNA samples arrayed 
in rows of orderly dots bonded to a 
specially prepared glass microscope 

slide. Genes can be placed 
on the chip by hand, but are 
now more commonly ap- 
plied through high -speed ro- 
botics. 

Robert Collier 
(520) 626 -5573 
rcollier @ag.arizona.edu 

DNA dots on glass gene 
chips 
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Root Border Cells Defend Plants 
UA researcher first to describe mechanism by Susan McGinley 

Martha Hawes 
(520) 621 -5490 
mhawes @u.arizona.edu 

Border cells 
clustering around 
cotton root tip. 

Most of us think plant roots 
end with the cells that are 
attached to the outer surface 

of the root tip, but Martha Hawes 
knows better. She has spent more than 
20 years researching and describing 
root border cells: a floating, separate 
"phalanx of biological 'goalies "' that 
guards the outer tip of most plant roots. 

"The plant puts a huge amount of en- 
ergy into producing border cells, which 
confer the root's ability to engineer the 
chemical and physical properties of the 
external environment," says Hawes, a 
plant pathologist in the University of 
Arizona College of Agriculture and Life 
Sciences. Her work is unique in the 
field; no one has described this system 
in detail before. "We think border cells 
are behaving as foot soldiers that have 
to be able to fall away to protect the 
plant. This energy may be worth the 
cost because it enables the plant to dic- 
tate which species will share its ecologi- 
cal niche." 

Border root cells consist of tissue that 
is different from anything else in the 
plant. In laboratory studies Hawes has 
watched detached root cap cells divide 
and multiply independent of the plant 
that generated them. They can even dif- 
ferentiate into organized tissue. 

Before the cells separate from the 
root cap, they secrete mucilage and 

sense gravity, but as they detach, their 
metabolic activity increases and the 
gene expression switches. They begin 
to produce anthocyanins, antibiotics, 
special enzymes and other substances 
that either inhibit or promote the 
growth of other entities in the soil 
around the root. These can include bac- 
teria, fungi, viruses, parasites, nema- 
todes, mites, insects and other invaders. 

"Border cells of species like cereals, 
cotton, nicotiana, and pine produce 
specific chemicals that dramatically alter 
the behavior of populations of soil - 
borne microflora," Hawes says. (Only 
species in the cabbage family do not 
appear to produce border cells.) In one 
experiment, border cells were washed 
off one set of legume roots and were 
left attached to another set. All of the 
roots were placed into a plate of nema- 
todes: "They went straight to the plant 
with the border cells," Hawes says. 
"Within a half hour they had all 
stopped moving, but did not die. The 
nematodes were able to 'come back to 
life' even after days of not moving." 

When the stunned nematodes so- 
bered up from their encounter with the 
root border cells' chemicals, they were 
able to infect behind the root tip, but 
not the meristem. "We think it's an- 
other example of how the system al- 
lows the plant to be invaded, to toler- 
ate some colonization without being 
killed," Hawes explains. "It's the spe- 
cific gene expression in these border 
cells that enable the plant to define how 

it's going to interact with infectious 
agents. So that affects how, when and 
where and by whom it gets infected." 

Hawes speculates that previous inves- 
tigators often overlook border cells be- 
cause without free water, these cells ad- 
here so tightly to the root periphery that 
their presence is difficult to detect. In con- 
trast, when free water is present, the cells 
disperse away from the root in seconds. 

She began this work in 1980 as a 
graduate student at the University of 
Kentucky. She spent the first ten years 
describing the biology of this system - 
at times working on it for free because 
she believed so strongly in its useful- 
ness -using organisms that couldn't be 
attracted to a border cell. In 1986 
Hawes accepted a shared appointment 
in the UA Departments of Plant Pathol- 
ogy and of Molecular and Cellular Biol- 
ogy, and has worked to engineer 
changes in the border cells of 
transgenic plants that can be placed 
into soil to monitor effects on 
plant -microbe relationships. 

Since border cells have the capacity 
to express whatever they're pro- 
grammed to do, Hawes hopes to find 
products in their secretions that can be 
amplified and transferred to regions of 
the plant where infection is occurring. 
She has applied for a patent on this pro- 
cess and is interested in seeing it turn into 
a product that will have worldwide appli- 
cations. 

"If these cells can immobilize a 
nematode, it's not a great stretch to 
propose expressing a chemical that 
knocks them out and keeps them 
knocked out a little longer," Hawes 
says. Soil bioremediation, where a 
natural organism released into the soil 
neutralizes a contaminant, is another 
application for this mechanism. "There 
are genes and microorganisms that will 
bioremediate anything we come up 
with. The trick is to introduce them at 
the right time and place in the environ- 
ment, and that's what border cells are 
programmed to do naturally." 

Hawes and her team are also collabo- 
rating with a professor in Hawaii on us- 
ing this biological technology to improve 
the tolerance of plant roots to naturally 
occurring aluminum in tropical soils. 
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Raising Fish in the Desert 
Aquaculture yields fish and shrimp by Joanne Little field 

Amidst the bustle of Tucson 
airport traffic and new 
construction, the green- 

houses at the adjacent Environ- 
mental Research Lab (ERL) are 
lined with tanks of fish. University 
of Arizona scientists are examining ti- 
lapia, trout, koi, catfish and shrimp; 
their diseases, nutritional needs, life 
cycles and peak harvest size. World- 
wide, aquaculture is considered the 
fastest growing agricultural industry: 
20 to 25 percent of the world's sea- 
food is now grown in confined opera- 
tions. 

College of Agriculture and Life Sci- 
ences (CALS) research scientist Kevin 
Fitzsimmons says interest from 
Mexico led to the initiation of the Tuc- 
son -based research years ago. "Be- 
cause of increasing pollution of coastal 
waters, agricultural producers in 
Mexico were looking for ways to 
grow fish inland using desalinated wa- 
ter and they turned to the University 
of Arizona for answers." 

Although they continue to aid Mexi- 
can agricultural producers, UA re- 
searchers have also spent the last ten 
years investigating how to integrate 
aquaculture into irrigated agriculture, 
in response to social, economic and 
political pressure in Arizona. They are 
conducting experiments at the ERL 
and at the UA's Maricopa Agricultural 
Center in central Arizona. 

By 1999, state aquaculture opera- 
tions produced approximately 
1,449,000 pounds of whole fish and 
shrimp. But while fish production has 
been relatively slow, with an esti- 
mated $2,400,000 in sales, shrimp pro- 
duction has been the one steadily in- 
creasing sector. Three farms in the 
Gila Bend -Hyder area produced 
217,000 pounds of freshwater shrimp 
that year, according to Fitzimmons. 

"Production of the pacific white 
shrimp, Peneaus vannemei, in the 
slightly brackish geothermal water in 
southwestern Arizona may prove to 
be one of the best uses of that water," 
he says. Other parts of the state, too, 
are experiencing increased benefits 
from having aquaculture in a produc- 

Aquaculture can be profitable for Arizona growers. Scientists are growing fish in 
tanks at the Environmental Research Lab to help develop more techniques for 

adopting this technology into cropping plans and educational programs. 

tion plan, including multiple uses 
from the same water. 

The use of triploid grass carp for 
weed control in Salt River Project ca- 
nals in the Phoenix and Yuma area 
was also investigated at ERL. In un- 
derwater exploration prior to releas- 
ing the carp, Fitzsimmons says they 
found it resembled a kelp forest. In- 
stead of applying mechanical or 
chemical weed control to clean 
clogged screens on these waters, the 
fish became aquatic lawnmowers. 
Now, Fitzsimmons says "The canals 
are as clean as a swimming pool." 

One of the big successes of this re- 
search, according to Fitzsimmons, 
may be the aquaculture education 
programs at 15 Arizona high schools. 
"Teachers are creating joint educa- 
tional programs where they can teach 
everything, including chemistry, 
physics, shop and even cooking." 

Fitzsimmons adds that you can 
teach most of the same subject mate- 
rial with fish that you can with a large 
animal, without many of the associ- 
ated problems, such as offensive 
odors and large space requirements. 

E 
,,, 

UA graduate student Jake Dillard, a 
graduate from Chino Valley High 
School, which had the first high school 
aquaculture unit, stands next to a fish 
tank at the ERL with research scientist 
Kevin Fitzimmons. Dillard is now com- 
pleting his education at UA where he 
has updated aquaculture units for high 
schools to recycle nutrient -rich water 
to plants. 

Kevin Fitzimmons 
(520) 626 -3324 
kevfitz @ag.arizona.edu 

"You can teach animal reproduction, 
nutrition and marketing with a fish in- 
stead of a large stock animal." 

Although test marketing of tilapia 
to consumers and chefs continues, and 
the shrimp from Gila Bend are already 
a hit, growers in Arizona are finding 
additional markets for the fish they 
raise. These include urban fishing 
businesses, and golf courses with bio- 
logical control programs for weeds 
and insects, such as mosquitoes and 
midge flies. 
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A Fire Risk Assessment Tool for Ft. Huachuca 
Using remote sensing to monitor the environment by Susan McGinley 

To prevent unintended fires during military operations, Ft. Huachuca and the University of 
Arizona are collaborating on a remote sensing project to identify environmental fuel risks 

across the U.S. Army's training facility in southeastern Arizona. 

The types of 
vegetation 
present affect 
the intensity 
and duration 
of fires such 
as this one. 

x 

Arizona Remote Sensing 
(ARSC) 

Since 1971, ARSC has used re- 
mote sensing technology to solve 
agricultural and natural resource 
problems in arid areas. ARSC re- 
search has proceeded along three 
parallel lines: 1) developing a better 
understanding of data produced by 
satellite and aircraft sensing sys- 
tems; 2) investigating the problems 
of using conventional remote sens- 
ing techniques in arid lands; and 3) 

developing and applying innovative 
techniques to solve the practical 
problems of managing agriculture 
and natural resources in arid lands. 

ARSC has evaluated remote sens- 
ing systems and has applied expert 
systems to image analysis and the 
development of integrated remote 
sensing data analysis work stations. 
New agricultural and natural re- 
source assessment methods com- 
bining inexpensive images from air- 
craft with satellite data have also been 
developed. ARSC has conducted 
projects throughout the American 
Southwest, in Mexico, western and 
southern Africa, the Middle East, 
South Asia, and China. 

Center 

Phil Guertin 
(520) 621 -1723 
phil@nexus.srnr.arizona.edu 

To prevent unintended fires 
during military operations, Ft. 
Huachuca and the University of 

Arizona are collaborating on a remote 
sensing project to identify environ- 
mental fuel risks across the U.S. 
Army's training facility in southeast- 
ern Arizona. 

This project is part of a larger effort 
to create geographic information 
systems (GIS) tools to help manage 
the base, according to Phil Guertin, an 
associate professor in the School of 
Renewable Natural Resources in the 
College of Agriculture and Life 
Sciences. Guertin and Steven Yool, an 
assistant professor in the UA Depart- 
ment of Geography, are using satellite 
and weather data to map and monitor 
fuel characteristics across the base and 
to develop a computer model that will 
eventually predict areas of greatest 
fire risk on a daily basis. 

The scientists are cataloguing 
different types of vegetative fuel on 
the base, including grass, downed 
trees, pine needles and other plant 
matter, and determining the spatial 
distribution of each. "We're monitor- 
ing the total biomass, the patchiness 

of the fuel, its pounds per acre, and 
how it's distributed across the base," 
Guertin says. 

"At higher elevations there's more 
leaf litter," Guertin explains. "Thick 
mats of needles don't burn very 
readily. Oak litter doesn't burn very 
fast either -it almost acts as a bar- 
rier." 

Yool and Guertin have begun to 
map this fuel distribution using 
LandSat and IKONOS, two remote 
sensing tools that map an area on 30 x 
30 meter and 4 x 4 meter cells, 
respectively. Once they have a base 
measurement, they will begin to map 
fuel characteristics over time, includ- 
ing the percentage of live versus dead 
fuel. 

They will take into account the 
winter and summer "green -up" 
periods and the area's two dry 
periods. Yool is using data from a 
NASA satellite that assesses square 
kilometers of vegetation that are alive 
or dead and relates that to thermal 
data to predict green -up and weather 
over time. 

"We'll be using weather informa- 
tion to predict daily and diurnal 
moisture cycles," Guertin says. "We'll 
also be looking at rainfall patterns at 
the beginning of the monsoon." 

Ft. Huachuca can use this system to 
locate military maneuvers away from 
places most at risk for fire on any 
given day or at a given time of day, 
according to Guertin. Although this 
system monitors a fairly small area, 
he believes it has applications the 
Bureau of Land Management will be 
able to use down the line to monitor 
conditions over a larger geographic 
area. 

"No one wants to ignite fires that 
could jump boundaries and injure 
wildlife, structures or humans," 
Guertin says. "We're building the 
basic modeling tool using historical 
information to predict fire risk for 
ecosystems in southeastern Arizona. 
Eventually we'll build a computer 
application that will use GIS and get 
the results in real- time." 
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College of Agriculture and Life Sciences Research Awards 
1999 -2000 

RESEARCHER OF THE YEAR AWARD 
Mark L. Brusseau, Professor of Soil, Water and Environmental Sciences. 

Brusseau's research focus is the transport, fate, and remediation of contaminants in the subsurface environment. His 
program has been at the forefront of this inter- disciplinary topic by synthesizing research in hydrology, environmental 
chemistry, microbiology, soil science, ecology, and engineering. Brusseau is one of the few researchers to employ a 
holistic approach to research in his field by integrating theoretical, experimental, and modeling -based investigations. He is 
a prolific publisher of scientific articles, is currently PI or co -PI on $2.2 million in research grants and has réceived more 
than $10 million in research funding to date. He is currently the advisor of 23 graduate students who work in his lab. 

His collaborative efforts span local, national and international venues. He is a member of the National Research 
Council, National Academy of Sciences 1999 -2000. He serves as graduate program director for the Department of Soil, 
Water and Environmental Sciences, and was recently appointed by the Governor of Arizona to the State Superfund 
Advisory Board. 

OUTSTANDING RESEARCH STAFF AWARD 
Phyllis Reid, Senior Research Specialist, Department of Nutritional Sciences. 

Phyllis worked with Bobby Reid and managed his research laboratory for 24 years prior to taking over the manage- 
ment of Wanda Howell's laboratory in 1995. At the University of Arizona she has attained Ph.D. candidacy in the 
Nutritional Sciences Interdisciplinary Program while working full -time. Reid is involved in the planning and execution of 
research projects, the statistical analysis of experimental data, and the writing of research reports, journal articles and 
grant proposals. Her participation in research activities has resulted in first or co- authorship on 20 peer reviewed journal 
articles and 34 abstracts. 

Reid has worked collaboratively with faculty, staff and students in laboratories in the Departments of Animal Sciences 
and Nutritional Sciences, as well as the Department of Physiology's Body Composition Lab. Currently she is involved in 
three collaborative research projects: the "Healthy Weight 4 Life" study; the "Validation of Ultrasonometry to Assess 
Change in Bone Properties and Risk of Osteoporosis" project, and a study with the College of Nursing on "Indicators of 
HIV Wasting Syndrome." 

OUTSTANDING TEAM AWARD 
Arizona Teen Pregnancy Prevention Team: Campus -County Connections 
Joyce Alves, Sherry Betts, Ruth Carter, Lynne Durrant, Aleta Garcia, Kim Gressley, Peggy Lazarus and Donna Peterson 

This team is directed by Sherry Betts, extension family life specialist, in the area of research -based community outreach, 
focusing on youth development. The Arizona Teen Pregnancy Prevention project is especially significant because Arizona 
has one of the highest birth rates among adolescent girls. The team is working on a five -year grant of over $900,000 
involving four communities where the extension agents have done a great deal of community development and net- 
work. 

In Apache County the team is working on "Postponing Sexual Involvement" in the community of Chinle on the 
Navajo Reservation. This program was designed to enable community members to determine the needs of their 
own community and then develop their own type of program. Youth was the major focus of "Youth, Family 
and Community in Chinle," resulting in the development and implementation of a summer youth program and 
the "Postponing Sexual Involvement" Program. 
In Gila County, the team's adolescent pregnancy project resulted in an extensive school -based program as well 
as community forums, and training in peer mentoring and parent education. 
Mohave County was identified as having one of the highest teen pregnancy rates in Arizona in 1992. This 
team's efforts have made positive changes in hundreds of lives in the community of Golden Valley near 
Kingman, Arizona. 
The Pinal County team implemented the "Postponing Sexual Involvement" program in Eloy, Casa Grande and 
Picacho communities. The PSI educational series on "how to say no" was developed to help young people learn 
skills to resist pressures to become sexually involved. 

This team's work epitomizes an "ideal" role model in the extension area, where emphasis is placed on linking and 
integrating academic and outreach programs. It is recognized beyond the state level. The State Strengthening Evaluation 
Guide produced by this team is an outstanding example of a major project benefiting many children, youth and family 
practitioners at the national level. This team, comprising diverse members from various counties, has worked tirelessly to 
bring this five -year project to successful completion and make a positive impact on youth development. 

On September 19, 2000 Betts and her team were notified of a $2 million grant that will involve five counties and focus 
on healthy adolescent development related to the prevention of sexual violence and intimate partner violence. 
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Arizona Agricultural Experiment Station 

Sponsored 
$33.4 million (57.0 %) 

Federal Government 
$20.91 million (62.6 %) 

Total Research Funding 
Fiscal Year 1999 / 2000 

($58.5 million) 

State 
$22.9 million (39.2 %) 

Federal Appropriated 
$2.2 million (3.8 %) 

Sponsored Sources 
Fiscal Year 1999 / 2000 

($33.38 million) 

Miscellaneous 
$2 million (6 %) 

Industry 
$3.3 million (9.9 %) 

Counties / Cities 
$0.74 million (2.2 %) 

State 
$2.56 million (7.7 %) 

Foundations / Educational Institutions 
$3.87 million (11.6 %) 
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THE UNIVERSITY OF 

ARIZONA® 
COLLEGE OF AGRICULTURE 

AND LIFE SCIENCES 

COLLEGE OF AGRICULTURE CHANGES NAME 

The University of Arizona College of Agriculture has changed its name to the 
College of Agriculture and Life Sciences. The official acronym for the college is 
CALS. 

The change was made to more accurately reflect the interdisciplinary focus of 
the college, which includes teaching, research, and extension programs in not 
only the agricultural sciences, but also in renewable natural resources, and family 
and consumer sciences. 

"The old name simply did not reflect the activities of the college and was mis- 
leading to our students, their prospective employers, and other statewide clien- 
tele," said Eugene Sander, vice provost and dean of the renamed college. "Similar 
name changes have already been made by colleges of agriculture in several of our 
peer institutions, including Cornell, Wisconsin, Texas A &M, and North Carolina 
State -all universities where, like Arizona, life sciences and biology are practiced 
widely across the campus." 

Established as the first college at the UA in 1889, CALS has since expanded its 
programs beyond the conventional description of agriculture to include an em- 
phasis on the fundamental life sciences that form the basis of agriculture and 
other fields of study in the college. Courses are currently cross -listed with the UA 
colleges of Architecture; Planning and Landscape Architecture; Education; 
Engineering and Mines; Medicine; Pharmacy; Science; and Social and Behavioral 
Sciences. 

CALS has more departments and faculty involved in life sciences research 
(involving plants, animals, and humans) than any other UA college except Medi- 
cine. The life science departments and schools within the college include agricul- 
tural and biosystems engineering; animal sciences; arid lands studies; entomol- 
ogy; family and consumer sciences; nutritional sciences; plant pathology; plant 
sciences; renewable natural resources; soil, water and environmental science; and 
veterinary science and microbiology. 

About 85 percent of the 41 degrees currently offered in the college are related to 
the life sciences; in research, over 70 percent of the funded research is in the life 
sciences. 

"At the same time, the College of Agriculture and Life Sciences does not claim 
to be the exclusive locus of life science disciplines that span the entire university," 
Sander says. "And we are justifiably proud of our long and continued association 
with agribusiness and agriculture, both nationally and in Arizona. Agriculture is 
one of the most important life sciences. 

"The impact of the work of colleges like ours, on agriculture in its broadest 
terms, has caused the industry to have a value of over a trillion dollars annually 
and allowed the American public to feed itself for about ten percent of its after - 
tax income." 
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