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A LETTER FROM THE DIRECTOR 

We always try to select a variety of topics for this annual publication that will reflect the 
diversity of research programs in the College of Agriculture and Life Sciences. This process is less 
than perfect as we are never able to fully cover the activities of our very capable and hard- 
working faculty. In spite of this shortcoming, the following pages do offer a sample of our 
extensive activities. 

We have many strong programs in the plant sciences and therefore have provided articles that 
range from basic molecular biology, to the development of new varieties, to better production 
practices and the development of methods for controlling weeds. Some of our excellent programs 
in entomology are highlighted in articles on mosquitoes, cockroaches and termites. 

We are seeing an abundance of new regulations related to air and water quality. We always 
hope that those who develop the rules will base them on sound science such as that reflected in 
the following articles on measuring airborne particles and reclaiming water. The human side is 
also covered in the article on controlling weight. 

Our readers who are alumni of the institution will be pleased to see that Libby Davison is 
taking the lead in obtaining official recognition of the campus as an arboretum. This will help 
ensure that the many unique plants on campus, collected largely through the effort of our 
college's faculty, will be forever maintained. 

Lastly, I wish to thank Susan McGinley, Robert Casler, and other members of our staff who 
always produce a first -class publication. 

Colin Kaltenbach 
Vice Dean and Director, Agricultural Experiment Station 
(520) 621 -7201 
kltnbch @ag.arizona.edu 
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his mosquito loves Tucson 

THE AEDESAEGYPTI 

MOSQUITO 

This tropical mosquito is 

an important vector of 
human diseases, including 
yellow fever, dengue, and 

others, plus heartworm in 

dogs. (A vector transfers a 

pathogen from one host to 
another.) Aedes aegypti is 

unusual because it 
specializes in, and actually 
prefers, biting humans. 
Dengue fever is transmitted 
by an A. aegypti biting a 

person who has dengue 
and later biting someone 
else.Thus the transmission 
is human to human through 
the mosquito, with no 

other animal hosts involved. 
(The mosquito less 

frequently bites dogs, but 
doesn't transmit dengue to 
them.) 

Other mosquito species 
living in Tucson do not 
transmit dengue fever, 

although they may be 

threats for other diseases. 

For example, several Culex 
mosquitoes in Arizona can 

be vectors of 
encephalitis. 

CONTACT 

Henry Hagedorn 
(520) 621 -5358 
hagedorn ©ag.arizona.edu 
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Monsoon conditions support carrier of dengue fever 

By Susan McGinley 

Tucson may be part of the Sonoran 
Desert, but to the mosquito Aedes 

aegypti, it's a tropical paradise. Unlike other 
mosquito species, this one survives in 
small -very small- amounts of water in a 
cup, in a watering can, in dishes under 
potted plants, or in trash left around the 
yard that accumulates water during the 
monsoon season. But more threatening than 
a nasty bite, this mosquito transmits 
dengue fever, a virus endemic to more than 
100 countries around the world (see 
sidebar). Although Tucson has never had an 
outbreak of dengue, it does support year - 
round populations of A. aegypti that are able 
to carry the virus from person to person. 

"This particular mosquito is a significant 
medical threat to Tucson," says Henry 
Hagedorn, a professor of entomology at the 
University of Arizona. "It lives around 
humans, breeds in our back yards, and in 
our homes. Controlling the mosquito is a 
matter of controlling the backyard breeding 
sites." To be a threat to public health in 
Arizona, both the mosquito and the virus 
must be present. So far, Tucson has high 
numbers of A. aegypti, but no dengue fever. 

Hagedorn, along with research associate 
Frank Ramberg and a team of undergraduate 
students, is studying the ecology of this 

mosquito to find out if it's going to be an 
important vector of dengue in Tucson. To 
do this they have had to devise a series of 
tests to analyze parts of the insect's life 
cycle and its feeding habits. So far they 
have focused on the mosquito's egg -laying 
behavior, the frequency of its blood meals, 
and how often it bites animals other than 
humans. Also under study are the various 
ways people make their homes and back 
yards attractive habitats for the insect. 

EGG -LAYING BEHAVIOR 
Hagedorn began the study in the Sam 

Hughes region of central Tucson. Within 
that neighborhood's network of alleyways, 
students set out 36 oviposition, or egg - 
laying traps -one -quart mason jars painted 
black with a piece of paper inside. The jar is 
filled with water that attracts mosquitoes to 
lay their eggs on the paper. For four months 
in 2000 the research team checked the jars 
for eggs twice a week across a seven -block 
area. Each time, they counted the A. aegypti 
eggs. Most eggs were found in July, August 
and September, which correlated with 
rainfall occurrence during the monsoons. 

"We got about 20,000 eggs in those four 
months, which means there were about 300 
females producing about 60 eggs after each 
blood meal," Hagedorn says." So now we 
know they are here in the largest numbers 
during that time, but actually, they are here 
all year." Why? Because the eggs can dry 
out and remain dry for months and then 
hatch when water is available. This 
mosquito originally lived in tree -holes or 
rock pools in Africa that dried out regularly 
so it evolved to survive periodic dryness. 

VECTORING ABILITY 

To be a good disease vector (carrier), a 
mosquito must take a blood meal from a 
person infected with the virus and then live 
for 10 to 14 days. During this time the 
mosquito may take several other blood 
meals while the virus multiplies in its body. 
By the time the third blood meal is taken, 
Hagedorn says the mosquito has enough 
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virus inside it to transmit to someone when 
it feeds again. The researchers wanted to 
find out if the mosquitoes that were coming 
to bite people had already bitten somebody 
else, and could potentially transmit the 
virus. 

Offering herself as a potential victim, a 
visiting undergraduate student from 
Switzerland, Paquita Hoeck, went to the 
test neighborhood over a three -month 
period in 2000, stood in the alleys, and 
waited for mosquitoes to land on her. When 
they did, she caught them before they bit 
her and took them back to the lab where 
she dissected them and looked at the 
ovaries to see if they were dilated, which is 
evidence that they had taken blood meals 
and produced eggs. 

On the average, 40 percent of the 
mosquitoes coming to bite her had taken a 
previous blood meal and had developed a 
batch of eggs. "Surprisingly, this is the same 
average the Aedes aegypti mosquito shows 
in Thailand and Puerto Rico, where dengue 
is endemic," Hagedorn says. 

WHAT DID THEY FEED ON? 
The next step was to find out if the 

mosquitoes had recently fed on humans or 
on animals. Although they prefer humans, 
and only transmit dengue from one human 
to another, they will also bite dogs or other 
pets if they have no other choice. 

Sam Merrill, an undergraduate student in 
molecular biology, began collecting A. aegypti 
mosquito samples in May, 2001 to test what 
animals the mosquitoes bite. His research is 
part of the UA's Undergraduate Biology 
Research Program (UBRP) which enables 
students to receive funding for research and 
earn either academic credit or a salary. In 
research that is still underway, Merrill 
catches mosquitoes, grinds them up in the 
lab, and runs them through a test that that 
uses antibodies to detect blood types of 
different animals. Preliminary results are 
running fifty -fifty, for human and 
nonhuman antibodies, indicating that only 
50 percent of the mosquitoes have bitten 
humans. If this is confirmed, the threat of 
dengue transmission would be reduced. 

HUMAN ECOLOGY 

"The human link in all of this is that we 
create the conditions the mosquito larvae 
can breed in, and we provide shelter for the 
adults, which need protection from the heat 
of the day," Hagedorn says. "The best way 
to avoid dengue fever is to reduce the 
access the mosquito may have to you." The 
homeowner should focus on environments 
in and around the home that attract A. 

aegypti, including shrubbery that adults 
hide in, and places in and around the home 
that contain water. Window and door 
screens can prevent mosquitoes from 
entering the home. "If you have an 
evaporative cooler that is not well 
maintained, mosquitoes can breed in it," 
Hagedorn says. Windows are often left 
open while using the cooler. Pet access 
ports can allow more than pets in. 

TRACKING THE MOSQUITO'S 
BEHAVIOR 

Each step of the research has raised more 
questions regarding the mosquito's blood 
feeding habits over its lifetime, how long it 
lives, and how far it flies between meals, all 
important factors in determining the vector 
ability of A. aegypti. Merrill is developing a 
method of taking "genetic fingerprints" of 
A. aegypti that can be used to follow 
individual mosquitoes throughout their life 
spans, to determine how long they live, 
how often they take blood meals, and how 
large the mating populations are. 

"We need to find out how the population 
in Tucson is related to those in Phoenix and 
other cities in Arizona, Texas, and Mexico," 
Hagedorn says. Since the mosquito prefers 
living in areas with moisture, the adult 
insects can't survive flying across long 
stretches of empty desert. So how are they 
moving? And how fast are they moving? 
Hagedorn believes it's possible that the 
mosquitoes in Phoenix may have arrived 
there not by flying from Tucson, but by 
hitching rides in cars or trucks. 

The Aedes aegypti mosquito can breed in small 
amounts of water left in containers around the yard. 
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DENGUE FEVER 

Caused by a virus, dengue fever 
is actually a family of four closely 
related viruses.Typically, a person 
coming down with dengue gets 
flu -like symptoms, including fever, 

a rash, and a characteristic deep 

aching in the bones, giving the 
virus the name "break -bone 
fever" It can last one to two 
weeks and then the victim usually 
recovers. Children are more 
susceptible because they are 
more likely to be bitten by 

mosquitoes. 

Complications arise if someone 
contracts dengue, recovers, and is 

later bitten by a mosquito 
carrying one of the other dengue 
viruses. In a mechanism not well 
understood, the person's immune 
system seems to recognize the 
earlier form of the virus, but 
doesn't fight the new one 
adequately.The virus can escape 

and multiply in macrophages that 
are the first line of defense of the 
immune system.The destruction 
of the macrophages releases 

factors that cause loss of fluid 
from the circulatory system.This 
results in dengue hemorrhagic 
fever that can be fatal. 

About 50 million cases of 
dengue occur annually around 
the world, according to figures 
from the Centers for Disease 

Control in Atlanta. About 5 

percent of those who contract 
the disease die. It's endemic, or 
regularly found, in 100 countries. 
In the Western Hemisphere, the 
disease occurs in Mexico, and all 

of Central and South 
America.The outbreak 
of dengue closest to 
Tucson occurred in 

Hermosillo, Sonora, 
Mexico. South Texas has 

regularly occurring 
dengue, but not Tucson 

so far, although isolated 
imported cases have 

been reported. 
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WATER USE 

AZMET information has 

been used extensively in 

irrigation management, 
particularly in urban areas. 
AZMET generates daily turf 
water use reports for the 
Phoenix area and 
distributes this information 
to the public via a turf 
water management web 
page, email and automated 
fax transfer system. Sixteen 
large turf facilities (with 
more than 10 acres in turf; 
mostly golf courses and 

parks) receive this 
information via email or fax 
daily. The turf web page 

was accessed in excess of 
1600 times in 2000. 
AZMET also generates a 

lawn watering guide which 
is published daily in major 
newspapers in the Phoenix 
metropolitan area. 

CONSULTING 

AZMET data are widely 
used by the consulting 
community for production 
agriculture; environmental 
impact assessments 
including air quality; 
insurance claims; legal 

disputes and water rights 
adjudication. 

CONTACT 
Paul Brown 
(S20) 621 -1319 
pbrown @ag.arizona.edu 
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Statewide system assists growers and agricultural industry 

Looking for heat unit readings for 
predicting crop and insect 

development, or evapotranspiration data 
for irrigation management? Arizona 
agricultural producers and other 
professionals have relied on AZMET (the 
Arizona Meteorological Network) for 15 
years to obtain the kind of data that will 
assist them with management decisions. 
AZMET was developed through the 
University of Arizona in 1987 to provide 
weather data and information in near real 
time to the state's producers of agricultural 
and horticultural crops. Paul Brown, an 
extension specialist and research scientist in 
the Department of Soil, Water and 
Environmental Science, founded the 
program and still oversees its operation. 

"Properly tailored weather information 
can assist with important management 
decisions related to variety selection, 
planting dates, crop assessment, pest 
control, irrigation and harvest," Brown 
says. 

Twenty -three automated weather stations 
installed across southern and central 
Arizona supply meteorological data from 
important agricultural production areas and 
selected urban locations. Data collection 
includes temperature (air and soil), 
humidity, solar radiation, wind (speed and 
direction), and precipitation. AZMET also 
provides a variety of computed variables: 
heat units (degree- days), chill hours, and 
reference crop evapotranspiration (ETo). 

Each night, meteorological data obtained 
by the stations are transferred to a 
Tucson -based data processing center where 
the data are processed into a variety of 
informational formats, including several 
ready -to -use summaries. AZMET also 
produces special reports, such as the Turf 
Water Use Reports, Weekly Cotton 
Advisories, Cotton Heat Stress Updates, 
and Frost Data Summaries. AZMET data 
and reports are made available to the public 
free of charge via two Internet web pages 
(see urls at end of story). 

Past and present sponsors for the AZMET 
program include the Arizona Cotton 
Research and Protection Council, the 
Arizona Citrus Research Council, the 
Arizona Municipal Water Users 
Association, the Arizona Department of 
Water Resources, and the City of Phoenix. 
In addition, all non -experiment station 

By Susan McGinley and Paul Brown 

weather stations are required to have a local 
sponsor that pays for non -labor operating 
costs of the station. Local sponsors can 
include irrigation districts, natural resource 
conservation districts, power districts, 
commodity organizations, and others. 

AZMET is now widely accepted as an 
important -and often the only- source of 
meteorological information pertaining to 
the production of agricultural and 
horticultural crops in Arizona. So far, the 
system has not expanded to northern 
Arizona, although Brown would like to see 
it expand to cover other important 
production areas and several rapidly 
growing urban areas in the state. "We'd like 
to add more stations, budget permitting, 
and do some weather monitoring in the 
high country," Brown says. 

Use of AZMET information continues to 
grow; the AZMET web page recorded in 
excess of 13,000 hits in 2000, an increase of 
about 20 percent over 1999. Hits for 2001 
will are expected to exceed those figures by 
about 10 percent. 

Perhaps the most important impact of 
AZMET in production agriculture has been 
its ability to provide reliable information 
on heat units which are used to 1) time 
planting and harvest dates of horticultural 
crops such as melons and sweet corn; 2) 
predict pest development; and 3) monitor 
general crop development. The UA's 
Cotton Monitoring Program depends 
heavily on heat unit information from 
AZMET and the Arizona Cotton Advisory 
Program, which supplies weekly 
production updates to growers that include 
heat unit and other weather information 
derived from AZMET. 

In a recent survey, 80 percent of the 
growers participating reported that they 
alter their management of cotton either 
occasionally or frequently as a result of 
information in the advisories; 96 percent of 
the growers would like the program to 
continue. The availability of AZMET 
information has also made it possible to 
quantify the impact of heat stress on cotton 
reproductive development, and the UA is 
now generating in- season heat stress 
assessments to help growers evaluate the 
condition of their crop. 

ag.arizona.edu/azmet 
ag.arizona.edu/azmet/phxturf.html 
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anaging nitrogen in irrigated cotton 

Nitrogen fertilizer helps plants grow and 
produce, but too much can cause 

environmental problems, including leaching 
of nitrogen compounds into groundwater. 
The traditional approach to nitrogen 
management in irrigated cotton has been to 
push for maximum high yields by applying 
large amounts of nitrogen fertilizer. 
Historically, in many parts of Arizona, 
nitrogen application rates have exceeded 200 
pounds per acre per season. Although yields 
may increase, there are serious drawbacks to 
this practice. 

"Over the last ten to fifteen years the 
luxuriant vegetative growth resulting from 
these high nitrogen applications has 
contributed to late season problems with 
higher populations of damaging insects, and 
more diseases in Arizona's cotton fields," 
says Jeff Silvertooth, head of the Department 
of Soil, Water and Environmental Science at 
the University of Arizona. "Studies during 
the same period have shown that aggressive 
nitrogen fertilizer application can actually 
increase the loss of nitrogen from the soil." In 
the past, nitrogen fertilizer has been 
relatively inexpensive for Southwest desert 
growers, but early in 2001 those costs rose 
approximately 30 percent. 

To help Arizona cotton growers adjust 
nitrogen applications in their fields, UA 
researchers in the College of Agriculture and 
Life Sciences studied and documented 
nitrogen uptake patterns and requirements 
in the crop at the UA's Maricopa, Marana, 
and Safford Agricultural Centers and many 
farmer cooperator fields in central and 
western Arizona. Their research was funded 
in part by the national Cooperative 
Extension Water Quality Program, the 
Arizona Cotton Growers Association, and 
Cotton Incorporated. 

The scientists determined the period of 
crop growth and development where 
nitrogen requirements for maximum yields 
are greatest. Additional studies showed that 
pre- season and late season applications of 
fertilizer nitrogen are more subject to loss by 
leaching. Silvertooth and his team then 
designed nitrogen management guidelines 
and recommendations that pinpointed the 
best times to apply nitrogen in the proper 
amounts. 

Guidelines focus on reduced Guidelines focus on reduced rates 
By Susan McGinley 

Current recommendations advocate the 
use of a nitrogen fertilizer window, split 
nitrogen applications, and plant 
measurements to assess crop fruit retention 
and vigor. Growers are encouraged to check 
in- season nitrogen fertilizer status through 
petiole (leaf) tests, and to use growth and 
development indices that have been 
developed for irrigated cotton based on heat 
units. Over the last 14 years this 
comprehensive nitrogen management 
strategy has been implemented in a 
statewide extension education plan for cotton 
growers that includes bulletins, reports, 
articles and grower meetings. 

By reducing nitrogen applications, 
Silvertooth believes growers could maintain 
yields, reduce environmental impacts, and 
save money. The cost of cotton production 
has been high during the last several years, 
but the market price has been low. UA 
demonstration projects on cooperating cotton 
farms have realized yields equivalent to 
commercial yields, using less nitrogen input, 
and saving approximately $30 per acre in 
nitrogen application costs. 

"If adopted statewide, the annual savings, 
at February 2001 nitrogen prices (still 
current), would be about $15 -$20 per 
acre," Silvertooth says. "If 200,000 
acres of the total cotton acreage in 
Arizona were affected, this would 
equate to $3 to $4 million in savings to 
the growers. Growers would be using 
an average of approximately 100 to 150 
pounds per acre, compared to a more 
common rate of about 200 pounds per 
acre, a 25 to 50 percent reduction." 

One intriguing factor these 
experiments have revealed is the 
surprisingly strong nitrogen supplying 
power provided by the desert soils in 
Arizona, according to Silvertooth. He 
notes that soil mineralization and 
immobilization transformations are 
very dynamic and important in the 
process of releasing and providing 
plant -available forms of soil nitrogen. 
Future studies will focus on the residual 
nitrogen characteristics at each site as 
developed by the nitrogen fertilization 
regimes that have been employed at the 
study sites for 8 to 12 consecutive years. El 
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"Historically, in many parts of 
Arizona, nitrogen application 
rates have exceeded 200 
pounds per acre per season. 
Although yields may increase, 
there are serious drawbacks 
to this practice." 

Cotton bolls at Maricopa 
Agricultural Center 

CONTACT 
Jeff Silvertooth 
(520) 621 -7228 
silver @ag.arizona.edu 
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onstructed wetlands for dairies 

Researchers examine soil 
and water quality in the 
wetlands. 

NOTE 

UA College of Agriculture 
and Life Sciences (CALS) 
researchers from Agriculture 
and Biosystems Engineering, 

the Office of Arid Lands 

Studies, Animal Sciences, and 

Soil,Water and Environmental 
Sciences, as well as the 
Natural Resources 

Conservation Service (NRCS), 

and USDA, all collaborated on 

this project. 

CONTACT 

Bob Freitas 
(520) 621 -1381 

bobf ©ag.arizona.edu 
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Component aids dairy wastewater treatment system 

By Joanne Littlefield 

Keeping cows clean and healthy requires 
continual pen and lane flushing in 

dairies, using thousands of gallons of water 
daily. The wastewater that is the end result 
has a high organic content which can be 
difficult to filter for reuse. Dairy operators, 
recognizing need recycle water, 
have turned to University of Arizona 
College of Agriculture and Life Sciences 
(CALS) research for answers. 

In the mid -1990s Rovey Dairy in 
Glendale, Arizona (northwest of Phoenix) 
began meeting with CALS faculty to 
determine the suitability of the site for 
experiments focused on plants and pond 
lining systems that would result in the 
cleanest water. Dairy owner Paul Rovey 
says he decided to participate in the project 
because it would benefit not only his 
operation, but the university and the dairy 
industry in Arizona as well. 

"We liked the idea of having some new 
avenues for dealing with wastewater in a 
different, maybe a proactive kind of a way," 
Rovey says. "It's truly a dairy constructed 
project, and we've proven that if the dairy 
industry in Arizona decides dairies need to 
use this kind of system, a dairy can build a 
constructed wetlands on their own with the 
information that's available." 

Conventional on -site treatment for 
manure has included scraping the pens and 
stockpiling the manure for fertilizing 
adjacent crops. In contrast, a flush system 
uses dairy wash water to remove manure 
from the dairy cow feeding lanes. This 
method saves labor, but increases the 
quantity and nutrient loading of 

wastewater, which requires an improved 
wastewater treatment system for dairies 
with flush systems. 

The Natural Resources Conservation 
Service (NRCS) and CALS have been 
working on guidelines for dairy operators 
and other confined animal feeding 
operations to meet Clean Water Act 
standards and Arizona Department of 
Environmental Quality inspection criteria. 
Beginning in 1996 an integrated dairy 
wastewater treatment system, which 
includes wetlands, was constructed at the 
Rovey Dairy adjacent to the milking parlor 
and feeding pens to meet these more 
stringent clean water regulations. 

The two -phase project includes research 
equipment for conducting experiments on 
the treatment system. Phase one was 
completed in 2000; phase two's redesign 
and re- engineering were undertaken in 
response to phase one research results, and 
system modifications were completed in 
2001. 

THE TREATMENT SYSTEM 

Over the last few years, municipalities 
across the nation have been developing 
wetlands systems of some kind to treat 
wastewater for reuse. The system being 
investigated for dairies is intended to be 
less complex and therefore less expensive 
for dairy operations to install and maintain. 

The dairy wetlands component at Rovey 
Dairy includes a series of treatment cells or 
ponds to filter and remove contaminants 
from the water so that it can be recycled 
and conserved. The system, while man- 
made, is designed to mimic a natural 
setting, allowing plants to do the work of 
complicated pumps and filters. These 
treatment cells (see chart, right) include 
solids separators, anaerobic lagoons, and 
aerobic ponds. 

The goal of the entire treatment system, 
including the wetlands, is to enable the 
dairy to decrease new water consumption. 
Thus the research team is examining ways 
to treat dairy wastewater so that the dairy 
can use it either as blended irrigation water 
for flushing back into the barn flush lanes, 
or as the water applied to composting the 
dairy manure solids. Martin Karpiscak, an 
associate research scientist with the CALS 
Office of Arid Land Studies and Bob Freitas, 

The University of Arizona College of Agriculture and Life Sciences 
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an associate in Cooperative Extension in 
the Department of Agricultural and 
Biosystems Engineering are the principal 
investigators on a collaborative project that 
includes researchers from the UA 
Department of Animal Sciences; the 
Department of Soil, Water and 
Environmental Science; and Cooperative 
Extension, Maricopa County. 

According to Freitas, the arrangement of 
the ponds and lagoons is critical. The team 
has tried different configurations of the 
system, and found during the first phase of 
the project that insufficient oxygen was 
available for transforming nitrogen from 
the ammonium form to plant -available 
nitrate form, which the wetlands plants can 
use more readily. 

One of the most significant findings 
indicates the importance of lining the 
ponds. Freitas says a compacted clay liner 
offers a considerable degree of sealing 
capacity. "For protection for groundwater 
we suggest that, at the very least, a clay 
liner be used that meets NRCS standards," 
he says. "Our research shows that over time 
the spaces clog between soil particles. As a 
biofilm is formed, the leakage rate 
declines." 

WATER QUALITY, PLANTS 
AND INSECT CONTROL 

Along with structural concerns, the 
research team needed to develop ways to 
keep the water clean. Karpiscak says the 
scientists checked the water for 
contaminants, including 1) pathogen levels, 
such as Cryptosporidium and Listeria; 
2) indicator organisms such as total and 
fecal coliform; and 3) various forms of 
nitrogen such as nitrates and nitrites. They 
investigated the suitability of different plant 
species for the wetlands, taking plant 
measurements and samples to see how 
quickly the plants were growing. 

"We also looked at things such as 
electro- conductivity to determine water 
salinity, at water temperature and at 
dissolved oxygen content," Karpiscak 
says. "One of our graduate students 
collected data on water quality of the 
wetlands cells, and wrote a master's 
thesis on the nitrogen content in the soil 
profile as well as in the plant material." 

Unfortunately, mosquito breeding can 
be a problem with open bodies of water 
such as wetlands. Karpiscak says 
Bacillus thuringensis var. israeliensis (Bti.) 
is typically used to control mosquito 
larvae in clear water. "The problem is 
that dairy water is not clear water. 
Neither Bti. nor Bacillus sphaericus 
worked very effectively for any period 
of time because of the high organic 
content," he notes. Research showed 
that the application of a larvicide 
(mineral oil) to seal the water surface so 
that the mosquito larvae could not 
breed worked the best in this situation. 

The project is now moving into its 
second phase, according to Freitas. 
"Based upon our initial results, a new 
design of increased path length, 
multiple aerobic and anaerobic cycling, 
and an improved gravel based wetlands 
cell system shows promise in more 
effective water treatment," he says. The 
gravel -based system will also limit 
mosquito breeding. As the researchers 
fine -tune their recommendations, new 
guidelines will be developed and made 
available to dairy operators throughout 
the arid regions of the country. 

Major funding for this project was 
provided by the Arizona Department of 
Water Resources, the Arizona 
Department of Environmental Quality, 
and the U.S. Bureau of Reclamation. CI 
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WHAT IS A 
CONSTRUCTED WETLAND? 

In brief, a constructed 
wetland is a water 
treatment facility. 
Duplicating the processes 
occurring in natural 
wetlands, constructed 
wetlands are complex, 
integrated systems in which 
water plants, animals, 
microorganisms and the 
environment -sun, soil, 
air -interact to improve 
water quality. 

"Over the last few years, 
municipalities across the nation 
have been developing wetlands 
systems of some kind to treat 
wastewater for reuse." 
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nalyzing crop insurance rates 

Research offers new ways to set premiums for farmers 

THE COST OF CROP 
INSURANCE 

"Crop insurance is the 
cornerstone of economic 
policy for U.S. agriculture," 
Ker says. "This is an 

extremely big program 
because it's the avenue the 
government has chosen to 
funnel money to the 
American farmer." The cost 
runs into the multiple 
billions of dollars per year. 

CONTACT 
Alan Ker 
(520) 621 -6265 
aker ©ag.arizona.edu 
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rop insurance rates depend on accurate 
projected yield losses and loss 

probabilities. Yet agricultural yields are tough 
to predict since so much of farming depends 
on a combination of weather conditions, the 
presence of pests, weeds, and diseases, plus 
catastrophic factors such as drought, flood, 
fire, and hail. Thus setting accurate crop 
insurance rates has always been difficult. Alan 
Ker, an econometrician in the Department of 
Agricultural and Resource Economics at the 
University of Arizona, has spent part of the 
last five years researching the methodology of 
computing the premium rates farmers pay for 
crop insurance. 

"Life insurance companies have a pretty 
good idea when you'll die, but since we don't 
know the probability of revenue /yield 
downfalls, it's tough to set the premiums for 
crop insurance levels," he says. The USDA's 
Risk Management Agency (RMA) has funded 
research to find out better ways to use the 
available information in computing rates. In 
Ker's case, the government has adjusted some 
of its rating methodology based on these 
findings. If the rates aren't accurate a 
multitude of problems arise, such as low 
farmer participation and excess program 
costs. 

Although the federal government sets the 
rates, private companies sell the policies to 
the farmers. Those companies have to accept 
the risk for some of the profits and losses of 
those policies. The arrangement by which 
these profits and losses are shared is laid out 
in an agreement between private insurance 
companies and the government. Ker is 
examining the details of the agreement to see 
where it can be renegotiated so that private 
insurance companies receive sufficient but not 
excessive amounts of funding. Ker has 
constructed part of the model the negotiations 
will be based upon. 

"Money going to the insurance company is 
less money going to farmers," he explains. "It 
appears at this point that the insurance 
companies are making a lot more than what 
covers them for their risk. Hopefully the 
negotiation between them and the RMA will 
change things so that the return for their risk 
won't be inflated." 

As an econometrician- someone who 
combines both economics and statistics in his 
work -Ker uses different sets of data for 
farming conditions combined with a range of 

The University of Arizona College 

By Susan McGinley 

complex, precise statistical methods to find 
out where he can compute probabilities with 
the fewest mistakes and greatest accuracy. 
According to Ker, the entire insurance 
premium framework must be built on 
properly representing the distribution of 
farm yields. His series of studies have 
included the following: 

A hypothetical scenario where he 

assumed the role of a private insurance 
company using weather data to see if 

he could "beat the government out of 
money." Using as a case study El Niño/ 
La Niña conditions, and winter wheat 
in Texas, Ker simulated reinsurance 
decisions during the 1978 through 
1997 crop years.The simulation took 
into account the risk- sharing 
arrangement between the insurance 
companies and the federal government. 
Ker's figures showed that insurance 
companies could use weather -based 

adverse selection criteria to recover 
"economically and statistically 
significant excess rents." 

A base coverage analysis using 50 

percent and 65 percent base coverage 
levels. Ker used the government's 
current formula for computing rates, 
and found that the higher coverage 
level should be maintained as the base. 

A different mathematical approach to 
estimating the premium rates, that was 

later adopted in the wheat /barley 
insurance program. 

A new approach to estimating farm 
insurance premium rates that 
appropriately incorporates extraneous 
information into that process. 

"With crop insurance, people don't know 
the probabilities, so they have to estimate 
them," Ker says. "This last program (above) 
shows a new method that overcomes the 
lack of data by making better use of the 
data we already have." Since this method 
has proved to be more statistically accurate 
and thus more efficient than the federal 
government's current formula where tested, 
Ker's program may be adopted for 
calculating sugarbeet crop insurance rates.® 
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rabadopsis studies: a faster 'ray to discove 

Finding traits for salt, drought and cold tolerance 

By Susan McGinley 

Finding traits for salt, drought and cold tolerance 

By Susan McGinley 

Many of the world's food crops grow in 
arginal soil. As desertification and 

erosion increase, cropland is reduced, forcing 
people to grow crop plants under conditions 
they are not traditionally adapted to, 
including high salt concentrations in soil and 
water, low water availability, and cold 
temperatures. 

As crops fail and human populations 
begin to starve, the search for better 
adapted plants becomes more urgent. A 
novel technique for gene identification, 
under development at the University of 
Arizona, may help speed the development 
of more stress -hardy crop plants. Jian -Kang 
Zhu, a professor in the Department of 
Plant Sciences, has spent the last five years 
identifying and isolating genes from 
arabidopsis plants -a type of crucifer, the 
plant group that includes broccoli, 
cauliflower and cabbage -that can be used 
for biotechnological applications to make 
hardier crops. His research concentrates on 
how this particular plant adapts to 
stressful environments. 

"We wanted to identify, out of 20,000 to 
30,000 genes in a typical plant, how many 
actually help the plant cope with stressful 
environments," Zhu says. "Using 
arabidopsis, we have identified about a 
dozen genes so far that are of critical 
importance -several for salt, quite a few 
for chilling and freezing, and a few for 
drought." For some of these genes, the 
university is applying for patents. 

Zhu needed to find a way to 
communicate with plants, to know what 
was going on inside them. He knew that 
genes in a plant could be turned off and 
on, expressing themselves in reaction to 
the environment, but wasn't sure exactly 
when this happened. "By the time you see 
drought symptoms in the plant, it's usually 
too late to do anything about it," he says. 
He has turned to fundamental science, 
specifically to genome studies (the analysis 
of the full gene complement in a set of 
chromosomes) to do this. 

Zhu and his team use certain gene 
promoters in arabadopsis plants to help 
turn the genes on and off in response to 
stress. He puts the promoter together with 
something to make it glow -in this case, 
the firefly enzyme luciferase -and 

introduces it into the arabadopsis plant to 
make it glow steadily when subjected to 
stress. This way he can identify the genes 
that control stress responses and isolate 
them. He puts the small plants, which are 
anchored on growth media plates, under 
temperature, water, or salt stress. In the 
case of chilling or freezing stress, the plants 
go into a refrigerator, to trigger the cold - 
response gene. 

Since the luciferase enzyme induces a 
glow too weak to be seen by the naked eye, 
Zhu uses a camera to view the steady glow. 
To test which genes are responsible for the 
glow, he puts chimeric agrobacterium 
genes into the plant to induce mutations in 
the genes and make them nonfunctional, 
then observes the consequences of that 
plant's response to the environment. He 
keeps screening to find plants that are 
reacting abnormally, and separates them 
from normal plants. 

"With 30,000 genes, you want to know 
which is important," Zhu says. "If a plant 
is not glowing, or glowing too brightly, we 
know a particular gene is involved." This 
process is painstaking, and yields results 
slowly, but works much faster than 
traditional breeding methods, which can 
take years as different plant generations are 
grown out and evaluated. 

"The important thing is to know which 
genes are important for each trait," Zhu 
says. They may express themselves in both 
the leaves and the roots. "When we find 
those genes, we put them back into normal 
arabadopsis plants to make them better. If 
they do, they are ready to be put into 
crops, but doing that takes more effort." 
While arabadopsis takes six to eight weeks 
to reach maturity, crop plants take much 
longer. For this reason, Zhu is sending 
those genes to cooperative institutions 
where researchers are testing them on crop 
plants. "We've provided several genes to 
Cornell University to put into rice," he 
says. "We've also worked together with a 
group at Purdue to introduce some of these 
genes into tomatoes." In addition, 
commercial firms are interested in licensing 
patents to use these genes. Zhu cautions that 
it could still take years to make sure the 
genes express themselves consistently. el 
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r genes 

Tiny arabadopsis plants 
glow in petri dish. 

GENE USES 

"The genes we find can be 

used to improve cereals, 
vegetable crops, and 

horticultural or fruit 
crops," Zhu says. "But 
making these transgenic 
crops isn't the only 
objective.The information 
we generate can be 

important for traditional 
plant breeding. If there's a 

concern for or an objection 
to using a transgenic 
approach for food plants, 

the gene knowledge can be 

used in traditional plant 
breeding methods as well." 

Zhu notes that each 

gene's expression continues 
in future generations of the 
plant, unlike hybrids, which 
must be grown from new 
seed each year-. However, 
these salt, drought, and 

cold -tolerant genes can 

also be combined with 
hybrid traits for other 
characteristics in a plant, 
and those would require 
new seed for each 

generation. 

"Science just never ends," 

he says. "You could spend 

your whole life just on the 
characteristics of one 
gene. 

CONTACT 
Jian -Kang Zhu 
621 -1977 
jkzhu @ag.arizona.edu 
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anaging mater and nutrients in vegetable crops 

Tegetable crop production 
in the arid Southwest requires 

continual irrigation and fertilizing. 
By managing water and nutrient 
applications correctly growers can 
not only save water but also reduce 
environmental impact. Nitrogen in 
particular is essential to productive 
plant growth, but applying more 
than crops will use can cause 
leaching from the soil profile and 
potential groundwater pollution. 
Growers need to manage nitrogen 
carefully because just as too much of 
it can leach into the groundwater, too 
little can decrease marketable yields. Drip 
irrigation is one way to put the nitrogen 
exactly where it is needed, without 
applying it in excess. 

Tom Thompson, an associate professor 
and soils specialist in the College of 

Evaluation tools for growers 

By Joanne Littlefield and Susan McGinley 

Shaping planting beds prior to drip installation 

;, ^ ;1( 

. . 

CONTACT 
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Growers attend a field day at the agricultural center. 

Agriculture and Life Sciences at the 
University of Arizona, has been studying he says. 
drip irrigation and nutrient management in The bottom line is whether or not drip 
winter vegetables for the last ten years. He irrigation and fertigation result in a high -yield, 
has conducted his research on broccoli, high quality crop. According to Thompson, his 
cauliflower and leaf lettuce on plots of one research results confirm that high -yield 
to four acres at the UA's Maricopa agriculture is not incompatible with good 
Agricultural Center in central Arizona. environmental stewardship. 

The ongoing studies have focused on "Our analysis of the data over a ten -year 
irrigating daily through a buried drip period has shown that excellent yields and 
system, and putting nitrogen into the drip economic returns can consistently be achieved 

tubing periodically, a practice called 
"fertigation." Applying nutrients through the 
water enables growers to manage water and 
nitrogen simultaneously, a clear advantage for 
drip irrigation, according to Thompson. Since 
nitrogen requirements for drip- irrigated plants 
are usually less than for crops grown on 
traditional, furrow -irrigated beds, he is 
determining how often growers need to 
fertigate, and is establishing guidelines that can 
help growers determine the best inputs for 
their crop. 

"A broccoli crop, for example, needs about 
350 pounds per acre of actual nitrogen over the 
growing season," Thompson says. That's the 
optimum amount, but periodic plant tissue 
tests during the growing season can help 
producers determine exactly how much 
nitrogen is needed (see sidebar). In addition to 
these tests, and to the grower's own experience, 
Thompson suggests using soil -water tension 
readings to schedule irrigations. "By 
developing all of these guidelines for water 
management and nitrogen fertilizer 
management, we can add to the diagnostic 
tools growers need to maintain plant health," 
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with drip irrigation systems, without 
polluting losses of nitrogen to the 
environment," he says. Drip systems also 
use approximately 20 -50 percent less water 
than conventional furrow irrigation. 

Drip irrigation has not fully caught on 
among Arizona vegetable growers because 
start -up costs are greater for drip than for 
furrow irrigation. Yet Thompson's findings, 
and the experience of several pioneering 
Arizona growers such as Howard Wuertz 
in central Arizona, who have installed drip 
systems in their vegetable crops, indicate 
that drip irrigation eventually pays off. 
Wuertz has been using drip irrigation 
successfully on several vegetable crops for 
more than 20 years. 

"Although adoption of drip irrigation 
has been delayed by the adverse farm 
economy of recent years, among other 
factors, I believe that drip will play an 
important role in Arizona's agricultural 
future," Thompson says. "While it requires 
more maintenance, with drip it's possible 
to use water and fertilizer inputs more 
efficiently than in conventional production 
systems now in use. Furthermore, our 
experiments and grower experience has 
shown consistently high crop yield and 
quality with drip." 

In the future, Thompson would like to 
put a permanent drip irrigation installation 
into a large experimental block at MAC 
that could be studied for perhaps ten years 
or more. It would be used not only for 
research, but also for demonstration 
purposes, to show how drip and nitrogen 
fertigation perform long -term in vegetable 
production. 

PLANT TISSUE TESTING 

Since nitrogen applications are based on 

how much nitrogen the crop has already 
taken up, petiole tests can help growers 
determine the nitrogen status of plants. 
Several years ago,Tom Thompson, UA 
Department of Soil,Water and 

Environmental Science, studied two plant 
tissue tests on broccoli and cauliflower, and 

found that although both worked well, sap 

testing was a faster method. 

Dry tissue testing, the conventional 
method, involves sampling the petioles, or 
short stems that connect leaves to the main 

plant stem. Petioles are gathered from 15 to 
20 plants at the 4 -6 leaf stage, from the 
youngest fully- expanded leaf, and analyzed in 

a laboratory for their nitrate content. One 
drawback is that this method can take two 
to three days from sampling time to the 
completed analysis, according to Thompson. 
Still, for most crops it's a valuable nitrogen 
management tool if implemented before 
mid -season. 

Sap testing is a newer technique that 
offers instantaneous measurement of plant 
N status. In this case the petiole sampling 
technique is the same, except that instead of 
drying the samples, sap is extracted from 
petioles for analysis. Sap nitrate is then 
measured on a hand -held, calibrated nitrate 
ion meter.This quick test takes only a few 
minutes to perform in the field. 
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"Growers need to manage 
nitrogen carefully because just 
as too much of it can leach 

into the groundwater, too 
little can decrease marketable 
yields. Drip irrigation is one 
way to put the nitrogen 
exactly where it is needed, 
without applying it in excess." 
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1.) est control in the urban environment 

Turkestan cockroaches collected 
for laboratory observation 

CONTACT 
Dawn Gouge 
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pest management usually 
brings to mind cans of 

chemical sprays or striped tents 
draped over buildings. Yet, by 
understanding more about an 
insect's life cycle; where it lives, 
what it eats, when and how it 
reproduces, entomologists can 
also understand the best ways to 
manage it when it gets out of 
control. This can lead to more 
environmentally friendly ways 
of controlling pests, but both the 
public and pest control 

professionals need to be taught how to use 
these new methods. 

Teaching certified pest control operators 
different ways to reduce pesticide sprays 
while keeping bug populations in check is 
one of Dawn Gouge's main goals. As a 
research entomologist with the University of 
Arizona's Department of Entomology in the 
College of Agricultural and Life Sciences 
(CALS), she Integrated Pest 
Management (IPM), a pest management 
strategy that provides long -term 
management of pest problems with 
minimum impact on human health, the 
environment and non -target organisms. Her 
studies in mosquito, termite and cockroach 
control are yielding results that are changing 
the way people fight pests. 

MOSQUITOES 

According to Gouge, the management of 
urban mosquito populations using novel 
organic acids could lead to alternatives to 
costly chemical sprays. Her mosquito 
research is an applied project using organic 
acids to reduce turf compaction on school 
grounds, increasing drainage and eliminating 
mosquito breeding reservoirs (see sidebar for 
pest management program in schools). 

"I consider the mosquito research we are 
conducting to be of most importance," Gouge 
says. "Optimizing management of bugs that 
compromise human health is our highest 
priority." 

TERMITES 

Arizona termite species thrive in dry, hot 
weather. When they become established in an 
area the damage they do often poses serious 
structural problems that can halt construction 

Strategies focus on biological methods 

By Joanne Littlefield 

and delay home sales. Current control 
methods might include wrapping the entire 
home in a circus -like tent and inundating the 
home with a pesticidal fumigant, or a 
pre -treatment consisting of digging narrow 
trenches along walls and drilling through 
horizontal surfaces and into voids, applying 
materials where they will kill termites within 
the home and block the colony's re- entry. 

Entomologists based at the UA's Maricopa 
Agricultural Center in central Arizona are 
studying alternative methods of eliminating 
termite colonies. Gouge is investigating the 
use of biological pest control agents, in this 
case, worms from the nematode genera 
Steinernema and Heterorhabditis. These tiny 
worms, called entomopathogenic nematodes, 
are placed in the soil of a termite colony. 
When eaten by the termite, they go to work 
breaking down the termites' body using 
digestive enzymes and toxins. 

"It is not known for sure if nematodes are 
able to penetrate directly through the cuticle 
(hard outer coating) of termites or ants," 
Gouge says. "The insects do definitely ingest 
them, but it is likely that nematodes in the 
genus Heterorhabditis are also capable of 
entering the insect's body directly, since they 
have a terminal tooth and have been 
photographed entering other insect species 
directly through intersegmental 
membranes." 

A possible disadvantage is that Gouge says 
termites have been documented conducting 
certain behavioral activities which could 
minimize nematode /termite contact. 
"Termites can detect an individual which has 
become infected and will remove it from the 
nest, or wall that termite up in a remote part 
of the colony. Both ants and termites groom 
themselves furiously when the nematodes 
crawl over them," Gouge says. 

This research is just one of the projects 
Gouge is conducting. By assessing the 
potential use of various microbial species as 
bioinsecticidal agents, she says there can 
often be a decrease in the use of pesticides 
sprayed throughout the environment. 

THE TURKESTAN COCKROACH 
Compared to other parts of the country, 

urban areas in the Sonoran Desert may have 
a different spectrum of insect pests. But once 
these non -native populations become 
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established they can cause economic as well 
as health concerns to humans. An insect pest 
new to Arizona is the Turkestan cockroach 
(Blatta lateralis). The Turkestan cockroach was 
first found in the United States at a military 
supply center on the West coast, and has 
migrated to arid regions of Texas, New 
Mexico and Arizona. 

This medium -sized cockroach was 
discovered in Phoenix during inspections for 
a school IPM program, in sticky traps placed 
in the school buildings. Because it was 
believed to live primarily outdoors, its 
discovery led researchers on a hunt to see 
how and why they were coming indoors. 
Cockroaches will eat almost anything but are 
especially fond of starchy materials such as 
cereals, sweetened or sugary substances, and 
meat products. Many areas in schools offer 
the perfect habitat for pest insects. 

Not much research has been done on the 
Turkestan cockroach in the urban areas of the 
Sonoran Desert, so Gouge and her colleagues 
have captured live specimens to observe in 
the lab. Once trained to look for them, school 

maintenance personnel have been able to 
take the necessary steps in pest proofing the 
buildings. Taking a close look at reducing the 
cockroach's habitat allows for an alternative 
to monthly spray regimes, according to 
Gouge. 

EDUCATION MAKES THE DIFFERENCE 
Gouge says while IPM is fairly well 

understood by agricultural producers, 
making it work in the urban environment 
sometimes requires re- education in pest 
management strategies for homeowners, pest 
control operators, and other people who 
routinely deal with pest control. "IPM 
programs are educationally based -they 
focus on knowing pest biology, habits and 
habitats," Gouge says. A quick check of the 
yellow pages in any community will show 
listings for many pest control operators. 
Educating them in new management 
methods could make the difference in 
helping them stay in business while offering 
safer alternatives to potentially harmful 
chemical residue. 

UA -LED TEAM CUTS BOTH PESTICIDES 
AND PESTS IN ARIZONA SCHOOLS 

By Jeff Harrison, LIA News Services 

The Kyrene School District in the metropolitan 
Phoenix area routinely sprayed its facilities to 
control an assortment of pesky creatures: fire ants, 

cockroaches, mosquitoes and bark scorpions. Each 

month the pesticide treatments were repeated, but 
pest populations remained at what district officials 
considered to be unacceptable levels. More 
significantly, while the poisons were being applied 

and reapplied, children were being pulled out of 
school for a day or two each month by their 
parents to avoid pesticide exposure. 

In April 2000, Kyrene tried another approach and 

brought in a team of specialists that included 
entomologists from the University of Arizona led by 

Dawn Gouge, an expert in urban entomology.The 
new program initially came from Indiana University 
(IU). IU entomologist Marc Lame had done a pilot 
study in the Midwest and wanted to try a similar 
program in the desert southwest. "We thought 
Lame's proposal was a winner from the start," said 

Gouge. 

Three Kyrene schools (Cielo, Paloma and 

Pueblo) were chosen for the pilot project, which 
used Integrated Pest Management (IPM) 

techniques for controlling pests while avoiding 
reliance on chemical pesticides.The schools 
concentrated their efforts (and capital resources) 
on identifying what the pests were, finding where 
they came from and denying their entry into 
buildings.The custodial and kitchen staffs also 

were mobilized to learn how to spot trouble. 

All of the openings around pipes and conduits 
were sealed. Crawl spaces in portable 
classrooms -great living quarters for rodents and 

feral cats and their fleas, ticks and lice, as well as 

black widow spiders -were closed off. Drains 
and building slabs were repaired to inhibit 
cockroaches.Trees were trimmed back and birds 
were encouraged to roost where their droppings 
wouldn't contaminate walkways and other high 

traffic areas. 

The IPM midterm evaluation showed that the 
schools reduced their pesticide applications by 90 

percent and kept pest populations below 85 

percent of their original levels.The program has 

been expanded to 22 sites in the Kyrene School 
District. 

UA faculty also are currently working with the 
Arizona Structural Pest Control Commission on 

ways to provide pest control companies with 
certification that will recognize those that 
practice IPM techniques. 

"We hope that the kids will also take their 
new -found philosophy home with them and 

encourage their parents to adopt IPM practices 
there also," Gouge said. "I think our IPM model 
will expand statewide within schools and also be 

adopted by other institutions (such as) child care 

centers, municipal parks and buildings, hospitals, 
etcetera.We are hoping to start another pilot 
program soon for the Navajo Nation." 
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Turkestan cockroach 

Nematodes used for biological 
control are so small they must be 
viewed through a microscope. 
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1ealthy weight 4 life 

"The program was a lot of 
things to me...fun, new 
friends, professional people 
to learn from, informational 
in terms of exercise and 

nutrition, but most of all it 
took me from feelings of 
isolation, despair and 

depression over my weight 
and physical health to 
feelings that I am not alone 
with my struggles and I can 

control my weight and to 
some extent my physical 

health." 

-participant 

CONTACT 
Scott Going 
(520) 621 -4705 
going ©u.arizona.edu 

Nuris Finkenthal 
(520) 621-4391 
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Research program helps women drop pounds, change their lives 

ad weight loss programs often focus on 
just one strategy- restricting 

carbohydrates, for example, or drinking a 
special shake, or working out on one special 
machine. In this one -size -fits -all approach, 
pounds lost initially may pile back on as 
rebellion or boredom sets in. 

A research -based weight control program 
underway at the University of Arizona 
combines several strategies, tailoring 
choices in diet, exercise, counseling, and 
social support to help each participant 
(women aged 40 to 55) find her way to a 
healthy weight. Since "Healthy Weight 4 
Life" began in fall, 2000, more than 150 
women have lost an average of 10 pounds, 
and kept it off during an 18 -week follow -up 
period. Some have lost as much as 50 
pounds. The program is funded by the 
National Institute for Diabetes, Digestive 
and Kidney Diseases. 

"This is not an innovative weight loss 
plan in terms of content, but it is innovative 
in the way we put it together," says Scott 
Going, an associate professor in the 
Department of Nutritional Sciences. "There 
is a critical need for effective weight 
management programs that integrate all the 
factors that contribute to excess weight. 
Overweight and obesity affect more than 50 
percent of the U.S. population, according to 
recent figures from the Centers for Disease 
Control." 

f 

By Susan McGinley 

Going believes a university environment 
is the ideal place to develop multi- 
disciplinary, collaborative approaches to 
weight loss that combine research and 
community outreach. He is working with a 
multi -disciplinary team of researchers from 
the College of Agriculture and Life 
Sciences and the College of Medicine to 
develop and test a sound, scientifically - 
based weight loss program. 

The two -phase program, administered 
through the Department of Nutritional 
Sciences and the Department of Physiology 
begins with a 16 -week weight loss 
curriculum emphasizing increased physical 
activity, healthy eating, social support and 
the "mind- body" connection. "We promote 
slow weight loss: a pound a week," Going 
says. "Key behaviors are diet and physical 
activity. Everything else we do supports 
that. Our goal over 16 weeks is to give 
participants the information they need, 
increase their awareness of behaviors 
contributing to excess weight, get them to 
try a lot of different activities, and figure 
out what works for them." 

Components in the first phase include: 

Physical activity exercise and body 
composition 
Walking, plus other physical 
activities that will burn about 1500 
to 2000 calories per week. 
Participants figure out how many 
minutes and calories each activity 
will take, and then choose the 
exercises that will work for them, 
given their occupation. 

Coordinated by Scott Going, associate 
professor, nutritional sciences; Tim 
Lohman, professor, physiology; and Pedro 
Teixiera, Ph. D., exercise. 

Diet and nutrition 
Healthy eating, drinking enough 
water, cutting out the junk food, 
reducing both fat calories and 
portion sizes. The researchers assess 
each volunteer's body composition, 
resting metabolic rate, and diet 
records, and suggest she eat 200 -300 
fewer calories per day than usual, 
emphasizing fruit and vegetable 
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healthy w 4 life 

consumption, food pyramid 
guidelines, and consuming less than 
30 percent of calories from fat, 
roughly 15 percent from protein, 
and the rest as carbohydrates. 

Coordinated by Linda Houtkooper, 
professor, nutritional sciences; Fred 
Wolfe, department head, nutritional 
sciences. 

Counseling 
Mind /body discussions on 
women's issues, body issues, eating 
behavior skills, and obesity. 
Counselors bring up barriers, 
emotional issues around food, and 
challenges in a safe setting where 
the participants can discuss their 
feelings, plus social and health 
ramifications regarding weight, 
including resistance to weight loss. 

Social Support 
Weekly discussion groups set their 
own agendas, and meet to exercise, 
share recipes, share problems or 
concerns. Social interaction helps 
develop healthy interpersonal 
relationships, and skills for dealing 
with psychological and emotional 
barriers to weight loss. 

Both of the above are coordinated by 
Lauve Metcalfe, M.S., counseling; Jane 
Martin, R.N. and M.S., counseling; 
and J'Fleur Lohman, consultant and 
Ph.D., counseling. 

Phase Two features 18 months of 
subsequent online support that offers 
encouragement for participants in 
maintaining their weight loss. The web - 
based format, managed by Jennifer Ricketts, 
an instructor in the Department of 
Nutritional Sciences, is more cost -effective 
than weekly face -to -face follow -up 
meetings. The program includes tools to 

monitor diet and physical activity, and a 
mind -body section with tips, articles, 
recipes, and links. The UA researchers are 
testing this method for its efficacy and 
usefulness in promoting and maintaining 
long -term weight loss. Half of the women 
are assigned to the Internet group; the other 
half, as a control group in the study, are 
asked to maintain their weight loss 
program on their own. 

So far, more than 90 percent of the 
women enrolled in the online support 
phase have maintained their weight or have 
continued to lose more weight. Some of the 
women in the program bordered on class II 
obesity when they started. In the future, 
with additional funding, the team hopes to 
expand the program and test the Internet 
against other strategies for long -term 
support for weight loss. 

Although "Healthy Weight 4 Life" was 
begun as a study, the researchers are 
pleased that so many people have changed 
their lives as a result of the program. "After 
a while these strategies become second 
nature to you; you want to do them," Going 
says. "Many of the participants have gotten 
their boyfriends and husbands exercising, 
and they're losing weight, too." 

USDA Food Guide Pyramid 
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"I lost 44 pounds and now 
am able to wear clothes I 

haven't worn in years. How 
is this program different 
from others I have tried? It 
has all the elements to 
succeed.The nutrition, the 
hydration, the physical 
activity, mind and body, and 
the support groups. My 
physical activity grew from 
none to 500 to 600 
minutes of activity a week 
or sometimes more.Thanks 
to this program, I started 
the NewYear with a size 8, 

[down] from a size 16 or 
sometimes 18. Believe me, I 

do not miss my previous 
size." 

-participant 
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fighting weeds in lemon orchards 

Weed -sensing sprayer could be the key 

An optical chlorophyll- detecting 
spray system triggers spot spraying 
of herbicide only where needed. 

CONTACT 
Bill McCloskey 
(520) 621 -7613 
wmcclosk ©ag.arizona.edu 
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Weeds covering an orchard floor 
compete with the trees for water and 

nutrients, reducing the number and size of 
fruit at harvest. Growers have alternately 
tried mowing, disking and spraying the 
weeds, but mechanical methods can 
damage the trees, and chemical use can be 
costly and increase the herbicide load in 
the environment. Cover crops among the 
trees reduce the weeds, but yields may not 
be as high. 

A comprehensive series of weed control 
studies in lemons conducted by faculty in 
the University of Arizona College of 
Agriculture and Life Sciences since 1993 
have proven that clean culture, where the 
orchard floor is kept completely free of 
weeds using herbicides, still provides the 
best environment for lemons to yield well, 
both for the first harvest and for the total 
harvest. 

At university research stations in Yuma 
and Waddell (Phoenix area), Arizona, 
disking weed control methods resulted in 
cut plant rootlets, and trunk wounding that 
could allow pathogens to enter. Dormant 
weed seeds were stirred up and later 
sprouted after irrigation into a flush of new 
weeds requiring even more treatment. In 
Yuma, disking also encouraged higher 
populations of the bothersome eye gnat, 
which irritates orchard workers. 

By Susan McGinley 

Broadcast spraying of herbicides killed 
the weeds, and in the case of glyphosate 
(Roundup), even stray droplets hitting the 
base of the trees didn't hurt yields. But 
most orchards have patches of bare ground 
that don't need spraying, so this method 
tends to waste money and uses more 
chemical than is really needed. To reduce 
the amount of herbicide in the 
environment, spot spraying works better, 
where the herbicide hits only the weeds, 
but it's labor intensive. 

An optical chlorophyll -detecting spray 
system currently on the market detects 
weeds on the orchard floor, triggering spot 
applications of herbicide directly to them, 
and skips spraying on bare ground. Called 
the Patchen Weed Seeker, this boom - 
mounted system is used on commercial 
orchards in California where it was 
developed, but it has not caught on in 
Arizona. By spraying only the weeds, 
herbicide use in one study was reduced by 
60 percent where there was a 20 percent 
weed cover in the orchard. 

The sprayer works by shining a light 
directly on the ground and using a sensor 
that can see the wavelength of light 
reflected by chlorophyll in plants. The 
infrared optical detectors are connected to a 
computer that sends signals back to the 
spray unit to open the nozzle and spray a 
little spot of herbicide on that particular 
weed as it passes under the spray nozzle. 
This happens within milliseconds, so 
herbicide use is kept to an absolute 
minimum. 

The technology has not been extensively 
tested on western fruit and nut crops, and it 
requires a high initial capital outlay, so 
growers have been hesitant to try it. 
Patchen Weed Seeker spray units that 
contain a light source, infrared optical 
sensor, and computer controlled valve 
assembly cost about $1,000 each. The spray 
unit has a field of view and spray pattern 
about 12 inches wide so that a sensor - 
controlled intermittent orchard sprayer 
might cost $14,000 to $25,000, depending on 
the width of the spray boom, according to 
Bill McCloskey, a professor in the 
Department of Plant Sciences. Orchard 
managers need to know if the Patchen's 
efficiency is worth the cost. 
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McCloskey and UA plant scientist Glenn 
Wright are conducting a four -year study of 
the weed sensing sprayer's performance in 
Arizona tree crops, beginning in 2001. The 
study is focusing on lemon and pecan 
orchard weed maintenance, because these 
two crops occupy the largest tree bearing 
acreage in Arizona: 30,100 acres of lemons, 
and 14,500 acres of pecans. UA agricultural 
economist Trent Teegerstrom will evaluate 
the method for its economic feasibility in a 
tree crop production system. 

The study includes testing of the sprayer 
in university and participating commercial 
orchards. The four goals of the project are 1) 

to evaluate the sprayer's potential for 
reducing postemergence herbicide use in 
Arizona, 2) to evaluate the use of 
preemergence herbicides in combination 
with the Patchen sprayer, 3) to collect tree 
yields and field operational data to develop 
crop budgets and determine the economics 
of adopting the spray technology, and 4) 
conduct a Cooperative Extension education 
program on using the Patchen sprayer to 
reduce herbicide use and costs. 

The project is funded by the Yuma Mesa 
Pest Abatement District, Yuma lemon 
growers, and UA Integrated Pest 
Management funding. The Patchen 
company donated the spray equipment. 

For the lemon study in Yuma, McCloskey 
and Wright are testing the Patchen sprayer 
against other mechanical and chemical 
weed control methods on approximately 17 
acres of commercially grown lemons on the 
Yuma Mesa. At this site they are also 
evaluating the use of a field cultivator 

growers have begun to use more widely. 
Known as the "Perfecta" cultivator, this 
implement controls weeds in flood irrigated 
orchards without significantly disturbing 
tree roots. According to McCloskey and 
Wright, no studies have been conducted to 
compare Perfecta use with other weed 
control methods regarding economics and 
tree yields. 

McCloskey hopes the answers they find 
during this project will give them extensive 
information to pass on to growers regarding 
weed reduction techniques in orchards. 
That's why he and the entire research team 
are testing so many combinations of 
mechanical and chemical methods, using 
the latest herbicides and equipment. "We 
need to be able to answer questions 
regarding this technology," he says. The 
bottom line is to help producers increase 
yields, increase profits, and preserve the 
environment. 
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"The study is focusing on 
lemon and pecan orchard 
weed maintenance, because 
these two crops occupy the 
largest tree bearing acreage in 

Arizona: 30,100 acres of 
lemons, and 14,500 acres of 
pecans. 
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altgrass could be new turf variety 

Saltgrass plot in foreground 

KARSTEN TURFGRASS 
FACILITY 

The Karsten Turfgrass 
Facility, located at the 
Campus Agricultural 
Center in Tucson, focuses 

on the study of turf 
varieties and their growth 
requirements in dry 
climates.The site features 
six acres of turfgrass 
research plots, two 
weighing lysimeters, (soil 
water measurement tanks 
installed underground), a 

greenhouse, and a building 
with an analytical 
laboratory, growth chamber 
room, conference center 
and repair shop. 

Different species of grass 

are grown and evaluated 
for adaptation to desert 
conditions.These grasses 

range from commercially 
available cultivars to 
experimental grasses which 
are observed for turfgrass 
qualities and stress tolerant 
attributes. One such grass is 

saltgrass, which can tolerate 
salt levels between to I 

times that of sea water. 

CONTACT 
David Kopec 
(520) 318 -7142 
dkopec ©ag.arizona.edu 
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%avid green lawns can exact a 
V high price in Arizona: they 

tend to guzzle a lot of expensive 
water because of our desert 
climate and harsh soil. Although 
Bermuda grass may handle the 
heat, it still needs regular 
irrigations and doesn't tolerate 
excessively high salt conditions. 

Looking for an alternative, 
University of Arizona 
researchers in the College of 

Agriculture and Life Sciences began collecting 
native saltgrass plants from open areas in 
Colorado in 1995, and have been testing them 
for possible turf cultivation in Arizona. 

"We got interested in this grass because it 
grows in areas that only get periodic water," 
says David Kopec, a professor in the UA 
Department of Plant Sciences. "It grows in 
dry, salty soils and tolerates salty water. We 
grow it at the college farm with well water 
and it does fine." 

Saltgrass, in the genus Distichlis, includes 
two species: a seashore type characteristically 
found along the east and west U.S. coasts, and 
an inland type that grows in scattered dry 
areas in central California, Arizona, Colorado, 
Nevada and Utah. 

"Both are very salt -tolerant," Kopec says. 
"They have deep underground rhizomes, 
deeper than Bermuda. They are found where 
there is runoff water, in saline soils. They are 
often the only grass growing there." Like 
Bermuda, inland saltgrass is a warm -season 
grass that goes dormant in the winter, but it's 
slower growing than Bermuda, and could be 
more invasive. It doesn't need mechanical 
aeration because it lacks the stolons that make 
thatch. Instead, multiple stems shoot straight 
out of the ground. 

Kopec collected more than 200 individual 
inland saltgrass specimens in Colorado in 
1995, and brought them back to the UA 
Karsten Turfgrass Center (see sidebar), where 
he conducted greenhouse trials on them in 
1996 and 1997. He mowed the individual 
plants three times per week to find out which 
could tolerate mowing and would thus be 
suitable for lawns. He and his team then 
selected the best types and planted them 
outdoors in replicated plots in 1998. 

Native grass tolerates drought, salt, traffic 

By Susan McGinley 

After treating them just like turf for three 
years, the researchers identified seven or 
eight plants out of the original collection that 
would fit the bill as true lawn types, 
according to Kopec. These plants had a good, 
green color, high shoot density, were softer to 
the touch, and covered the soil completely 
under mowing stress. Each was an 
individual genetic type. 

Between 1998 and 2001, Kopec noted that 
these plants survived for four to six weeks 
each summer without any irrigation at all, 
although some did lose color. "It would be a 
big improvement to have a grass that needs 
very little watering," he says. "A standard 
lawn of Bermuda grass needs more frequent 
irrigation than the Distichlis, and the water 
quality has to be better. Other grasses would 
struggle on the amount and type of water 
that saltgrass survives on." 

Kopec plans to patent the better plant 
types through the UA and thus is looking at 
ways to protect the germplasm. The cultivars 
don't have names yet, just experimental 
designations. He is cooperating on this 
project with researchers from Colorado State 
University, who are studying ways to 
propagate these plants from both seed and 
sod. In about five years he hopes a public 
variety will be available. 

While collecting other specimens to test, 
Kopec found new saltgrass types growing 
undetected on golf greens, tees and fairways. 
"And in Fredonia, Arizona, I found a plant 
growing in a restaurant parking lot where 
trucks were driving over it," Kopec says. "I 
took it back to the greenhouse and grew it 
out. It was so vigorous it practically turned 
into a pine tree." 

In his field trials Kopec is running more 
tests to find out how to manage saltgrass as a 
lawn, including its tolerance to increased 
mowing and different mowing heights, to 
increased traffic stress, and to pesticides 
(although it doesn't appear to be susceptible 
to many insect pests). The toughest 
specimens will be planted later in "really bad 
spots" to see how well they do. One thing 
he's already figured out, though, is how to 
handle the weeds. "That's easy," he says. 
"We just throw salt on the plots." El 
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nwasiie weeds on rangeland 

Controlling sweet resin bush and yellow star -thistle 

Weeds can have an adverse effect on 
land, animals and humans. Land 

managers concerned about the negative 
impact of two invasive plants on Arizona 
rangelands have turned to University of 
Arizona College of Agriculture and Life 
Sciences (CALS) researchers for information 
on the best ways to control these weeds. 

Sweet resin bush (Euryops subcarnosus, 
subspecies vulgaris), a low- growing, 
medium -sized shrub, was planted on western 
rangelands in the 1930s in an attempt to 
curtail soil erosion and provide forage for 
livestock. Neither strategy worked. CALS 
associate rangeland specialist Larry Howery 
says the plant is both invasive and 
unpalatable: domestic and wild ungulate 
(hooved) herbivores won't eat it, and in parts 
of Arizona, its sprawl in semi -arid grasslands 
has nearly wiped out native plants by using 
more water, sunlight and nutrients. 

At the Santa Rita Experimental Range in 
southeastern Arizona, plant biologists are 
researching various eradication and 
management techniques. Howery is looking 
at control methods that include mechanical 
removal along with application of an 
herbicide, followed by careful monitoring for 
new sweet resin bush plants and hopefully, 
reestablishment of native plants. "Without 
follow -up monitoring we would have no 
way to document whether or not our efforts 
on the Santa Rita were successful," he says. 

State and federal rules determine that a 
non -native plant can be considered a 
"noxious weed" when it has a "negative 
impact on agriculture, navigation, fish, 
wildlife, or public health." The Arizona 
Department of Agriculture is responsible for 
regulating noxious weeds, which often can be 
controlled but not eradicated. In fact, noxious 
weeds in general are notoriously difficult to 
control. In 1998 sweet resin bush, which is 
native to Africa, was officially listed on 
Arizona's State Noxious Weed List. 

Sweet resin bush is one example of a plant 
intentionally introduced that has become 
invasive and has decreased the productivity 
of grazing land. Many other noxious weeds 
have been moving across the country 
through farm fields and on rangelands after 
initially being transported by European 
settlers and pioneers in grain seed, livestock 
feed and ship ballasts. 

In the early 1990s a few private citizens 
near Young, (east of Payson in central 

By Joanne Littlefield 

Arizona), noticed that a yellow- flowered 
weed with sharp spines was beginning to 
take over pastureland. It was positively 
identified as yellow star -thistle (Centaurea 
solstitialis L.), a species listed as a noxious 
weed in California and Idaho. It has since 
been listed as a noxious weed in Arizona. 
Because of its rapid spread since its 
unintentional introduction in California 
around 1850, it is considered one of the most 
serious rangeland weeds in the U.S. By 1995 
it was estimated that it had infested 10 -12 
million acres in California alone. Current 
estimates for California are between 15 -22 
million acres. 

Probably introduced in Arizona from 
contaminated hay, yellow star -thistle is a 2- 
to-3 foot tall annual plant that can cause 
"chewing disease" (equine nigropallidal 
encephalomalacia), a fatal disease in horses, 
with symptoms similar to Parkinson's 
disease in humans. Because of its bitter taste, 
horses usually avoid grazing yellow 
star -thistle, although they will resort to 
eating it in pastures lacking adequate 
amounts of suitable green forage. 

Like many invasive plants, yellow 
star -thistle develops into dense, impenetrable 
stands that displace native vegetation in 
natural areas and in rangeland by 
out -competing it for sunlight, soil moisture 
and nutrients. Looking for an alternative to 
costly repetitive herbicide applications, land 
managers in the Pleasant Valley area around 
Young, Arizona tried biological control on 
yellow star thistle several years ago using a 
method that was somewhat successful in 
California. They imported the tiny hairy 
weevil, an insect that feeds on the plant. 
Drought, cold weather and guinea hens 
apparently kept the weevil from surviving in 
Pleasant Valley, which is located near the 
Mogollon Rim in central Arizona. 

Howery is looking at other means of 
controlling yellow star thistle. "Our study 
includes suppressing the weed by mowing 
or applying herbicide to keep seeds from 
sprouting," he says. "This is followed by 
seeding the area with native grasses that will 
hopefully out -compete yellow star -thistle for 
soil moisture and soil nutrients." Howery 
knows this combination may not wipe out 
the weed. "What we may find is that while it 
may not be possible to totally eradicate it, we 
hope it will be present in much lower 
densities." c+] 
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Yellow star -thistle 

MORE INFORMATION 

The general public can 

help by reporting sightings 
of sweet resin bush or 
yellow star thistle. A 
reporting sheet is 

contained in back of the 
new "Arizona Invasive Plant 
Booklet," available for 
$4.00 plus shipping and 

handling from Clare 
Hydock, Verde Ranger 
Station, PO Box 670, Camp 
Verde,AZ 86322 -0670. 
Call (928) 567 -4121, or 
email chydock©fs.fed.us. 

NOTE 

These evaluation projects 
are a coordinated 
education effort between 
CALS, New Mexico State 
University and the Natural 
Resources Conservation 
Service (NRCS). 

CONTACT 
Larry Howery 
(520) 621 -7277 
lhowery©ag.arizona.edu 

19 



iosensors measure airborne particulates 
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A new technology for studying cellular stress from air pollution 
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Smog collects over the Phoenix metropolitan area. 

Monitoring air quality usually means 
tracking the levels of particulate 

matter (PM) in the air. 
Researchers at the University of Arizona 

are studying a new way to measure 
particulate matter. They hope their method 
will help the EPA measure airborne 
particulate toxicity using a more precise 
standard than the one currently in place. 

"The EPA has regulations on PM -10 and 
PM -2.5, but there isn't any real basis for 
predicting the true health impact of these 
particles," says Mark Riley, an assistant 
professor in the Department of Agricultural 
and Biosystems Engineering at the 
University of Arizona. "The regulations are 
based on what can be measured, but they 
don't necessarily tie to the health impact, 
although they are supposed to." 

Riley says the composition of these 
particles has a tremendous effect on 
whether they do harm or are entirely 
benign. Asthma, emphysema, lung distress, 
hospital admissions, and the death rate of 

By Susan McGinley 

the elderly and of people with weakened 
immune systems all increase when these 
emissions increase. Conversely, cities with 
large manufacturing bases have reduced 
reports for these health problems when the 
factories and plants are shut down. 

Riley's group believes that the EPA 
system needs to take a different approach 
by determining not just the size, but also 
the components of PM. "We're trying to tie 
together the chemical composition of these 
particles with their elicited effects in 
humans and animals," Riley says. They are 
studying two cell -based approaches for 
detecting and characterizing PM toxicity 
based on the response of cells from lung 
tissue exposed to certain types or 
components of PM. 

The first uses a perpetual cell line of rat 
lung cells that is grown in a tiny cup small 
enough to fit over the end of an adult's little 
finger. The cells grow on a porous 
membrane in the cup. The scientists add 
different airborne particulates to the single 
tight layer of lung cells and track the cell's 
metabolism in consuming sugars and 
excreting wastes. "If something we add is 
really nasty, their metabolism stops," Riley 
says, "although in general we add such low 
amounts of PM that we don't kill the cells, 
but rather have a graded response. 

"We have collaborators in chemical 
engineering Jost Wendt, professor and 
department head of Chemical and 
Environmental Engineering -who burn 
fuels like oil, coal, sewage sludge and 
collect residues which they give to us to test 
for potential toxicity." 

Although the project will continue for 
several more months, so far zinc 
concentrations have demonstrated a very 
high correlation to toxicity in these studies. 
The project is funded in part by the 
Southwest Environmental Health Sciences 
Center on campus, part of the National 
Institute of Environmental Health Science 
(NIEHS). 

The researchers' goal is to develop this 
sensor system so that it can be taken out of 
the laboratory and used as a more local way 
to evaluate environmental safety. Lung 
tissue metabolism is measured using a light 
emitting diode, an inexpensive 
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photodetector, and a dye. These 
components are inexpensive and may be 
feasible to make the device commercially 
available. Once the test is patented, the 
target audience could be growers, 
manufacturing plants, the military, even 
homeowners, who already use radon 
sensors in different parts of the country as 
an indicator of an environmental risk. 

Farther down the road, the scientists 
would like to develop a personal early 
detection system that would sound an 
alarm for people to put on a mask, or get 
out of the area. The sensor itself wouldn't 
measure the composition of the air, but 
would indicate that precautions should be 
taken. 

Riley's second approach is being 
developed in collaboration with Joseph 
Simmons, professor and department head 
of Materials Science and Engineering. This 
toxicity detection method, which is 
considerably more complex and more 
fundamental in nature, uses near- field 
scanning optical microscopy (NSOM) in 
Simmons' lab to scan alterations in the 
cellular proteins, organelles, and membrane 
of rat lung cells. ABE graduate student 
Dianne Boesewetter is working on this 
aspect of the research. Raman spectroscopy 
and fluorescence spectroscopy will help 
detect where the PM components interact 
with cellular components. 

"We'll be looking at a very high 
resolution to look at changes in the cell," 
Riley says. "Using fiber optics several 
nanometers in size, we will look at how 

particulates get into the cell and how they 
affect its metabolism, including how they 
kill the cell." The resolution for the system 
is so high it will allow the researchers to 
collect potentially thousands of points of 
measure across one cell. 

This is a novel approach: there are 
possibly only three groups across the globe 
doing anything similar to this, according to 
Riley. Researchers at Imperial College, 
London, are collaborating on this project, 
which is sponsored by the Defense Advance 
Research Products Association. IN 

Probe 

Light 
100 nm 

Near field region 
<10 nm 

CIO Rat lung cell 

Near field scanning optical microscopy probe collects 
information from a lung cell which has been exposed 
to particulate matter. The near field effect is used to 
provide light to 500 nanometers (nm) sampling at a 
resolution of less than 10 nm. 

DESIGNATIONS FOR PARTICULATE MATTER (PM) 

According to the EPA, the designations PM- 
I 0 and PM -2.5 reflect the size of the particles 
that can deposit in the lung, but not their 
chemical composition.The designations PM -10 
and PM -2.5 refer to particles with a mean 
diameter of I O microns and 2.5 microns, 
respectively; these are regulated based on the 
mass of particles in the atmosphere. 

Combustion of diesel fuel, emissions from 
fossil -fuel powered electrical plants, 
aerosolized soils, and other processes all 
contribute to the number and type of 
airborne particulates. Unfortunately, current 
regulations do not distinguish between 
harmful and harmless particulates, thus 
complicating the assurance of safety. 

"Researchers at the University of 
Arizona are studying a new way 
to measure particulate matter. 
They hope their method will help 
the EPA measure airborne 
particulate toxicity using a more 
precise standard than the one 
currently in place." 

Biosensors can help determine the amount and 
composition of the particles in smog. 
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nokingforamr cancer compounds in the Sonoran desert 
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Researchers isolate and test metabolites 

Cancers that grow into numerous solid 
tumors in the body pose enormous 

difficulties for treatment. Their widespread 
placement eliminates surgery and radiation 
as options, leaving chemotherapy as the 
preferred medical choice. Yet adequate 
drugs are not currently available to treat 
major solid tumors such as those of the 
lung, breast, prostate, and colon. With these 
cancers on the rise in both Arizona and 
around the world, there is an urgent need to 
find a suitable treatment for the millions of 
patients who are affected. 

Scientists have long turned to the 
Amazon rainforest to find plants that might 
save lives. Here in Arizona, they are 
searching our own backyard -the Sonoran 
Desert. A collaborative team of researchers 
from the University of Arizona's College of 
Agriculture and Life Sciences (CALS), 
Arizona Health Sciences Center (AHSC), 
and the Arizona Cancer Center are testing 
natural compounds isolated from desert 
plants and microorganisms for their anti- 
cancer properties. The Arizona Disease 
Control Research Commission is 
funding the project. 

"We began looking at desert 
plants because they are exposed to a 
lot of light, which speeds their 
metabolism," says Leslie 
Gunatilaka, professor and associate 
director of the Southwestern Center 
for Natural Products Research and 
Commercialization, in the CALS 
Office of Arid Lands Studies. "This 
causes them to produce unique 
secondary metabolites, some of 

By Susan McGinley 

which may have anti -cancer properties, 
specifically, tumor- fighting properties." 

During the three -year process 
Gunatilaka's team has tested compounds 
from more than 500 plant species collected 
from open areas in the Arizona desert. 
Although the process involves numerous 
steps in progressively extracting and 
purifying active ingredients from plants, 
the group has found several compounds so 
far that have demonstrated antitumor 
properties in laboratory tests. 

EACH PLANT IS 

METICULOUSLY ANALYZED 

The researchers select compounds not 
only from plant parts- roots, stems, leaves, 
flowers, fruits and seeds -they've also 
extended their studies to include 
microorganisms living in the rhizosphere, 
the area immediately surrounding root 
surfaces. "We go out to the desert, select a 
plant, collect a little bit of root material 
without damaging the plant. We don't 
uproot it," Gunatilaka says. "We take a 
small piece of root back to the lab, isolate 
microorganisms, both bacteria and fungi. 
We grow them separately in selective 
media, isolate pure cultures of the 
organisms we want and then in turn grow 
those out." 

Next, the scientists extract cultures with 
organic solvents. The extracts contain large 
amounts of the secondary metabolites, 
which are tested in biological assays that 
use perpetual cancer cell lines for three 
types of cancers: breast cancer, non- small- 
cell lung cancer, and central nervous system 
(CNS) cancer. 

The University of Arizona College of Agriculture and Life Sciences 



Of particular interest to Gunatilaka are 
the processes of angiogenesis and heat 
shock protein function activation. 
Angiogeneseis is a process where a tumor 
begins to produce its own blood supply so 
it can grow even faster. His team is 
searching for plant extracts that can stop 
this mechanism and thus halt the tumor's 
spread in the body. Linda Meade -Tollin, a 
research assistant professor in the 
Department of Surgery at the AHSC, 
conductsassays to find out which extracts 
actively inhibit angiogenesis. 

Heat shock proteins provide unusually 
good targets for anticancer drugs, according 
to Gunatilaka, because they facilitate the 
development of cancers by increasing the 
stability and activity of multiple mutant 
proteins within a cancer cell. Luke 
Whitesell, an associate professor in the 
Department of Surgery at the AHSC assists 
Gunatilaka in his search for compounds 
that activate the function of heat shock 
proteins. 

Plant pathologists Hans VanEtten and 
Leland Pierson, in the Department of Plant 
Pathology, and Steven McLaughlin of the 
Office of Arid Lands Studies are also 
collaborating on the project. Members of 
Gunatilaka's research team include 
postdoctoral researchers Kithsiri Wijeratne 
and Guang Zhou, graduate students 
Tommy Turbyville and Todd Furbacher, 
and research specialist Anne Fritz. 

"Once we find an active extract we 
fractionate it chemically to separate into 
single compounds," Gunatilaka explains. 
"Each fraction is tested using the same 
bioassay until we get a pure compound that 
shows activity. This can take several weeks 
to several months for each active extract." 
Both the chemical and physical properties 
of each pure compound are analyzed so the 
structure of the substance is fully 
understood. After that, the compound is 
tested in animal and later in human trials. 

The procedure is slow, precise, and 
painstaking, and the identity of an effective 
compound is not released until it is 
included in a patented drug formula. 
According to Gunatilaka, it takes an 
average of 10 -20 years and a minimum 
investment of 350 million dollars to develop 
an anticancer drug. One compound derived 
from a microbe will soon undergo animal 
trials in the laboratory of Robert Dorr, a 
pharmacologist at the Arizona Cancer 
Center. The National Cancer Institute is also 
evaluating the same compound using their 
panel of 60 cancer cell lines. About half a 
dozen other compounds also show promise. 

HOW DOES THE HERBAL SUPPLEMENT 
PC SPES FIGHT PROSTATE CANCER? 
Along with his search for anticancer 

compounds from Sonoran desert 
organisms, Gunatilaka is researching the 
effectiveness of an existing herbal formula 
that fights prostate cancer. PC SPES has 
been available in the U.S. for the last ten 
years. The PC stands for prostate cancer; 
SPES is Latin for "hope." The formula, 
which costs patients $450 per month in out - 
of- pocket expenses (it is not covered by 
insurance) contains extracts of eight plants, 
seven from China and one from North 
America. Although the supplement is 
effective against the growth of the tumor, it 
is expensive and acts like an estrogen, 
which causes undesirable side effects in 
men. 

"I got interested in this because PC SPES 
is an herbal supplement that has undergone 
at least six clinical trials in the United States 
and is proven to be effective," Gunatilaka 
says. "We have found antiangiogenesis 
activity in two of the plants." Prostate 
cancer is a solid tumor normally requiring a 
blood supply, which this formula 
apparently cuts off. 

In a study that is just beginning, 
Gunatilaka is analyzing these plants to find 
the active compounds within them that 
fight prostate cancer. The Department of 
Defense has provided funding for 
Gunatilaka to isolate and characterize 
antiangiogenic compounds in PC SPES. By 
separating the active compounds from the 
other parts of the extracts, he hopes to 
remove the chemicals that cause the side 
effects. The pure compounds could then be 
incorporated into "novel drugs or 
combination therapies to cure hormone 
resistant, advanced metastatic PC," that 
would have fewer side effects. 

"The researchers select 
compounds not only from 
plant parts- roots, stems, 
leaves, flowers, fruits and 
seeds -they've also extended 
their studies to include 
microorganisms living in the 
rhizosphere, the area 
immediately surrounding root 
surfaces" 
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he Unirersity ofjgrizona Campusjzirboretum 

MISSION OF THE 
PROPOSED UA 

CAMPUS ARBORETUM 

The mission of the 
University of Arizona 
Campus Arboretum is to 
preserve, manage, enhance, 

and expand a vital collection 
of plants in an active urban 
Sonoran Desert setting; and 

to showcase the historic, 
aesthetic, environmental, 
economical, and educational 
value of these plants within 
our community and the 
American Southwest. 

HISTORY 

The UA plant collection 
has historical significance. 

Landscaping the campus was 

a priority from the time Old 
Main was built. Many plants 

have been installed by 

faculty and students, or 
donated by graduating 
classes. Robert H. Forbes, a 

19th- century faculty 
member, planted the 
hundred -year -old olive trees 
that shade the north mall. 

The Joseph Krutch Desert 
Garden is a legacy from the 
original late -1920s cactus 
garden that once filled the 
entire mall east of Old Main. 

During the mid -20th 
century arid -tolerant 
species from all over the 
world were brought to 
Tucson and planted on 
campus. More than 50 

campus trees are the only 
existing specimens in 

Arizona, and several are 

unique to the entire 
Southwest. A few were the 
first of their kinds to be 

planted in the Western 
Hemisphere. 

CONTACT 
Elizabeth Davison 
(520) 621 -1582 
edavison ©ag.arizona.edu 
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he University of Arizona 
campus is the oldest 

continually -maintained green 
space in Arizona. 

For more than 100 years, 
UA students, faculty, staff 
and visitors have enjoyed the 
beautifully landscaped 
campus in the heart of the 
Sonoran Desert. This unique 
collection of trees and shrubs 
provides educational and 
research opportunities for 
students and faculty, 
historical examples of plants 
from arid and semi -arid 
climates around the world, and restful 
shady places for study or retreat. The 
campus is an outdoor classroom for 
students and faculty from the College of 
Agriculture and Life Sciences; College of 
Science; and College of Architecture, 
Planning and Landscape Architecture. 

"Students learn plant origins, botanical 
interrelationships, landscape principles, and 
human /plant history," says Elizabeth 
Davison, lecturer in the Department of 
Plant Sciences and director of an effort 
currently underway to designate arboretum 
status for the campus landscape. 

"Because it's situated in the unique, 
richly diverse Sonoran Desert ecosystem, 
the UA campus serves as a resource for 
desert plants with potential for food, fiber, 
medicines and landscape uses," Davison 
says. Examples of such useful plant sources 
on campus include carob trees (chocolate 
substitute), cassia shrub and tree species 
(anti -bacterial properties, cough 
suppressant, root knot nematode killer), 
eucalyptus (cosmetic and medicinal oils), 
jojoba (waxes and oils), willow (aspirin), 
and salvia (cosmetic and medicinal oils). 

Davison is spearheading the effort to 
obtain arboretum status for the campus. 
"Step one is to correctly identify every plant 
on campus with signs," she says. She and 
her team are conducting a full plant 
inventory and collecting botanical notes 
and historic documentation. The official 
arboretum designation would qualify the 

Plant collection offers research opportunities 

By Susan McGinley 

This unique collection of trees and shrubs 
provides restful shady places for study or 
retreat. 

campus arboretum to seek funding for 
conservation of existing valuable plants, 
additions of new and important arid- 
tolerant species, student projects, and 
enhanced horticultural efforts. The 
designation would also help protect 
significant and /or vulnerable trees that 
have research potential. 

"Cataloging trees and shrubs on campus 
would give faculty and students better 
information on the potential of plants in the 
campus collection that may be useful for 
study, analysis, and extraction of 
compounds," Davison says. "Most of the 
plants in the UA collection were installed 
before 1993 by faculty and students who 
traveled the world, botanizing in arid 
countries. "(The Convention on Biological 
Diversity, which went into effect worldwide 
in 1993, but has not yet been ratified by the 
United States, mandates that the patent or 
ownership rights to any plant material 
taken after 1993 from non -native species 
must revert to the country of origin.) 

Davison hopes to hire staff and students 
who will assist in managing the campus 
plant collection. She has already conducted 
plant walks and lectures around campus, and 
will be a featured speaker at a homeowner 
tree clinic on campus in spring 2002. CI 

arboretu m.arizona.edu 
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COLLEGE OF AGRICULTURE AND LIFE SCIENCES 
RESEARCH AWARDS 2001 -2002 

RESEARCHER OF THE YEAR AWARD: 

VICKI L. CHANDLER, PROFESSOR OF PLANT SCIENCES 

Vicki Chandler is extraordinarily active professionally as a leader in the field of biology, a highly 
respected faculty citizen at the University of Arizona and an outstanding teacher of undergraduate and 
graduate students, both in and outside the classroom. She joined the UA Department of Plant Sciences 
in 1997. 

Internationally recognized for her genetics research, Chandler has done pioneering work on gene 
expression in plants. Currently, her research focuses on gene regulation using the anthocyanin 
biosynthic pathway in maize as a model system. (Anthocyanins are the red /blue /purple pigments in 
plants). She has identified previously unknown regulators of anthocyanin biosynthesis and candidate 
genes that regulate known gene transcription factors. She is also using forward and reverse genetic 
approaches to identify genes involved in chromatin -level gene regulation, and to determine how they 
modulate transposon activity and gene silencing. 

Chandler has authored more than 60 scientific papers in top -rated journals. Her research has been 
funded by NIH, the National Science Foundation and USDA. She is a major contributor on two multi - 
investigator grants totaling over $22 million, and her laboratory has direct support this year of 
approximately $1 million. 

Chandler has served on numerous competitive grant panels. She was appointed this year to the NSF 
Biological Directorate Advisory Committee, serves on the editorial board for Plant Physiology and 
Genetics, and is a member of the board of directors for the International Society of Plant Molecular 
Biology. She chairs the board of trustees for the Gordon Research Conferences and is currently 
president of the American Society of Plant Biologists. 

OUTSTANDING STAFF IN RESEARCH AWARD: 

GEORGINA LAMBERT, RESEARCH SPECIALIST SENIOR 

Georgina Lambert has worked since 1991 in David Galbraith's laboratory in the Department of Plant 
Sciences. She is a valued colleague who has demonstrated her ability to respect different cultures and 
recognize excellence in others. Lambert has a unique combination of technical, scientific and 
administrative skills. She really cares about the University of Arizona, wants this university to be 
successful and wants all staff members to contribute to and share in that success. 

Lambert is a coauthor on twelve publications since 1994. Her writing and editorial skills are 
impressive, and she is a well- organized individual who pays necessary attention to detail. 

Her responsibilities with numerous instruments and technologies in the laboratory include training, 
operation, maintenance and scheduling for faculty and staff. Some of the instrumentation includes a 
BioRad confocal /multiphoton microscope, a Molecular Dynamics Storm Phosphorimager, a Partec flow 
cytometer, a GeneMachines microarrayer, the GSI Lumonics Microarray Scanner, various robotic 
laboratory workstations and the Cytomation MoFlo flow cytometer /cell sorter. 

She also provides regular seminars and demonstrations of instrumentation for scheduled classes and 
for ad hoc visitors. She has served as member and chair of the College Staff Council, a founding member 
of the Staff Development Team and sits on the Quality Guidance Council. 
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