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A letter 
from the Director 

Dear Reader, 

It is our pleasure to again provide you with a summary of some selected activities that have been 

ongoing in the Experiment Station this past year. Have you ever had trouble identifying whether the 

fruit you select in the grocery store is ripe? We have a solution to that problem. Would you like 

to be a citizen scientist? We have a program that would be happy to utilize your talents. Are Lygus 

bugs destroying your crop? We have a pest management program that may be of interest to you. 

Do you have a question about plant biology that needs an answer? The newly funded iPlant 

Collaborative may well be the place to turn to. This program, led by our Plant Science faculty, is the 

largest grant ever funded by the National Science Foundation in Arizona. 

Are you upset about the price of gasoline these days? We certainly do not have the answer to 

that, but we do think that perhaps sweet sorghum is the appropriate crop for Arizona, to serve as 

a feedstock to help achieve the government's goal of producing 35 billion gallons of ethanol and 

alternative fuels by 2017. Read about this and other possibilities for helping with the current energy 

crisis. 

We hope you will enjoy reading about these and all of the other research projects described in this 

report. As usual, my sincere thanks go to our excellent publication staff that did all of the work to 

produce this report and to our faculty and their support staff who make it all possible. 

Finally, I am pleased to tell you that our College of Agriculture and Life Sciences ranked number 

one in the nation for the second year in a row for faculty scholarly productivity in the agricultural 
sciences according to the January 2008 report released by Academic Analytics, who collaborated 
with the State University of New York at Stony Brook to develop the data. 

Enjoy, 

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

RediRipe® 
Sticker 
A new way to measure maturity in fruit 
By Susan McGinley 

What a simple concept -slap a sticker on an apple and watch 
the sticker turn color to tell you when the fruit is ripe. But 
it took years of testing to develop this idea into a practical 

device that would really work. 
Inventors and partners Robert Klein and Mark Riley explored 

numerous approaches before they hit on the one that was more 
accurate, less expensive and far easier to use than other ripeness 
assessment methods. In 2006, the RediRipe® sticker was launched 
for limited commercial testing and promptly won the Arizona 
Governor's Award for innovation. After further testing, the business 
partners expect the sticker to be commercially available for the 
2009 tree fruit harvest season. 

The circular, thumbnail -sized sticker has a dot in the middle that 
turns from white to blue when attached to a fruit that has started 
producing ethylene, a common maturation indicator naturally 
released by climacteric fruit. Climacteric fruits display an increased 
respiration with maturity, which is related to their production 
of ethylene. Examples include apples, peaches, pears, apricots, 
avocados and plums. The sticker encases reagents that are specific 
to ethylene and display a vivid color change with gradations. 

"Our sticker is the only one used on individual fruit," Klein says. 
"It eliminates cumbersome practices like gas chromatography, 
is more efficient and costs far less than the typical laboratory 
equipment. Individual stickers are expected to cost less than a 

penny each." 
Growers and experts have learned the telltale signs of fruit 

maturation through years of experience walking through orchards 
to note the color, size and shape of the fruit. The RediRipe® sticker 
gives a direct readout of the fruit's maturity status and so should 
improve fruit management and greatly reduce fruit loss. 

Ethylene- detecting RediRipe® sticker on an apple in an orchard. 
Climacteric fruits such as apples, pears, and peaches release 

ethylene related to fruit maturation. This sticker has turned from 
white to blue indicating that ethylene production has started and 

hence the apple is mature. 

The search for a more user -friendly way to determine ripeness 
began several years ago when Klein thought of the sticker idea 
from the standpoint of a frustrated consumer: he was tired of 
buying unripe fruit and decided to do something about it. 

The Albuquerque, New Mexico, resident -originally trained as a 
psychologist- wanted to work with a scientist who was conversant 
with ethylene research and could develop and test sticker 
prototypes. He eventually met Riley through Ed Eaton, a scientist 
at New Mexico State University who had graduated from the UA's 
Department of Agricultural and Biosystems Engineering (ABE), 
where Riley is currently a professor. 

"It was fortuitous and I don't know that I could have found 
someone better than Mark," Klein says. In 2004, after Riley, as a 
UA faculty member, obtained the necessary permission from the 
Arizona Board of Regents, the two formed RediRipe® LLC. Klein 
is the company CEO, and Riley is CTO. Under Riley's direction 
and through the critical work of RediRipe® and UA technician 
Dominic DeCianne, the research and development team at the ABE 
laboratory in Tucson tried hundreds of approaches, each subtly 
different. - 

"We based our methods on a reaction with ethylene that had 
long been abandoned," Riley says. "Our innovation lies in using 
these techniques to quantify ethylene and in maintaining the sticker 
in a delicate balance of being reactive, but not too sensitive that we 
get false positives." 

The device responds to ethylene, a gas that turns on a series of 
ripening steps in a fruit, leading to softer flesh and an increase in 
sugar levels. 

"No one has done what we're trying to do," Riley says. "If we 
can determine when ethylene production begins and quantify how 
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much is coming out, we'll know the maturation or ripeness status 
of the fruit." It takes approximately a day for the color to develop 
after a sticker is placed on the fruit. The sticker is accurate and 
cheap to ship because it is lightweight. 

"Dominic has been instrumental in developing the sticker," Riley 
says. "At first, Bob and 1 developed this into a project that became 
the master's research of Navaporn Srinavakul. When Dominic 
joined the lab, progress took off as he helped Navaporn and also 
supervised a horde of undergrads working on different aspects of 
this technology." 

Meanwhile, Klein has worked extensively with industry groups, 
obtaining funding from the USDA and the Washington Tree Fruit 
Research Commission, a growers group that continues to support 
and encourage the sticker research, The commission funds small 
research grants to promote the fruit industry, particularly apples and 
pears. 

"The response has been extraordinarily positive," Klein says. "I 
gave a presentation in 2002 to ask for funding from the commission. 
The very first question I got from the growers was, 'Can we have 
this tomorrow ?' I knew then that they would fund us." 

Klein and Riley have worked with Ines Hanrahan, a commission 
project manager, in testing the RediRipe® sticker on different 
varieties of apples and pears in orchards and packing houses in 
Washington. The research also assesses how well the sticker fits into 
orchard routines, and how it can save growers time and money. In 
Tucson, the UA laboratory team has tested the sticker on backyard 
fruit and on apples and pears from local groceries. 

Other funding and research assistance over the past several years 
has come from the Sandia National Laboratories/New Mexico 
Small Business Association program and Technology Ventures 
Corporation, both in Albuquerque. 

The current version of the sticker is 
designed for use on apples and pears, 
but the technology could be adapted 

for other fruits, possibly impacting 
avocados, peaches, tomatoes, flowers 

and some kinds of melons. 

"We're improving the sticker to detect the lowest concentration 
of ethylene that's produced by the fruit," Riley says. The UA holds 
the patent (pending) for the sticker, while RediRipe® LLC is the 
exclusive licensee. 

Interest in the RediRipe stickers has now expanded to include 
requests from all over the world, not only from growers, but also 
from grocers who want to put them on the fruit in their stores. For 

that purpose, there's potential to combine the RediRipe sticker with 
the PLU ( "Price Look -Up ") stickers commonly seen on produce into 
a single sticker. 

Klein and Riley note that the current version of the sticker is 

designed for use on apples and pears, but the technology could 
be adapted for other fruits, possibly impacting avocados, peaches, 
tomatoes, flowers and some kinds of melons. * 
Contact 

Mark Riley 
(520) 626 -9120 

riley@ag.arizona.edu 

Robert Klein 
(505)- 247 -4665 

RKlein@RediRipe.com 

(From left:) Robert Klein, CEO of RediRipe® LLC and Mark Riley, CTO and UA 

professor of agricultural and biosystems engineering, invented the ripeness 

sticker because no quick or simple method existed for determining maturation 

of individual fruits on the tree or in the packinghouse. 
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National Coordinating Office in Tucson 
By Susan McGinley 

Seasonal changes are all around us: 
flowers bloom, leaves turn color, 
butterflies emerge, birds and mammals 

migrate. By studying the timing of these 
periodic plant and animal cycles -a 
science known as "phenology " -scientists 
learn more about environmental trends 
across regions. Phenological data and 
models are important to agricultural 
planning, drought monitoring and wildfire 
risk assessment, as well as management 
of invasive and pest species and infectious 
diseases. 

In January 2007, the US Geological 
Survey and the University of Arizona 
jointly established the National 
Coordinating Office for the USA National 
Phenology Network (USA -NPN) 
in Tucson. The facility is 

housed in the Office of 
Arid Lands Studies, 
part of the UA College 
of Agriculture and 
Life Sciences and 
maintained with 
funding from the UA 
and USGS. 

The USA -NPN is a 

new partnership between 
federal agencies, non -profits, the academic 
community and the general public. The 
goal is to monitor and understand the 
influence of seasonal cycles on the nation's 
resources, according to Jake Weltzin, the 
first executive director of the USA -NPN 

National Coordinating 
Office. 

"Phenology is as 

important as other 
processes and variables 
monitored at the national 
scale -such as weather, 
streamflow, fire outbreaks 
and disease epidemics -for 
which it can serve as a predictor," Weltzin 
says. "Just as national networks of weather 
stations and stream gauges are critical for 
providing national weather, climate and 
water services, a national phenological 
network will be critical for providing 
national biological services." 

These may include understanding and 
forecasting outbreaks of pollen or 

the spread of disease, potential 
for wildfire, behavior and 
timing of migrating animals 
such as monarch butterflies 
or neotropical songbirds, 
and spring wildflower 

and fall foliage change. 
Biological services also involve 

understanding how earth systems 
are driven by environmental change 

to facilitate human adaptation to that 
change. 

Weltzin, most recently an associate 
professor at the University of Tennessee, is 

particularly interested in how the structure 
and function of plant communities and 
ecosystems might respond to global 

environmental 
change, including 
atmospheric 
chemistry, climate 
change and 
biological invasions. 

His research has 
spanned temperate and 

tropical grasslands and 
savannas, temperate woodlands, deciduous 
forests and high -latitude peatlands. 

"Periodic plant and animal cycles driven 
by seasonal variations in climate are the 
most fundamental biological oscillations 
known to humans," Weltzin says. "They set 
the stages for the dynamics of ecosystem 
processes, determine land surface 
properties, control biosphere- atmosphere 
interactions and affect food production, 
health, conservation and recreation." 

His recent experience as a program 
director at the National Science 
Foundation underscored the need to foster 
large -scale science initiatives such as 

USA -NPN. As its first executive director, 
Weltzin's vision for USA -NPN is "to 
develop a continental -scale instrument for 
integrative assessment of global change for 
researchers that simultaneously serves as 
an outreach and educational platform for 
citizens and educators." 

The UA hired Mark Losleben as assistant 
director for USA -NPN in January 2007, 
when the National Coordinating Office 
opened. He had spent the previous 26 
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years as director of the Mountain Climate 
Program at the University of Colorado's 

Mountain Research Station, 
attaining senior professional 
status. Losleben has studied 
climate processes in complex 

terrain throughout the world, 
including Mt. Kilimanjaro, 

Greenland, Switzerland, Barbados, 
Argentina, Antarctica and the Colorado 
Rockies, and has a particular interest in 
the development of climate and ecological 
measurement networks. 

"Phenology is a window through 
which we can see the effects of climate 
change in our world," Losleben says. 
"Its integrative power makes phenology 
a natural model, accurately tracking the 
nonlinear effects of climate change that 
are so difficult for computational models 
to capture." In the past, computational 
models have taken quantitative data and 
reconstructed changes in ecosystems that 
have already been integrated in plants and 
animals. By recording the changes in the 
natural world, scientists can directly track 
individual species and the climate change 
effects associated with them. They can use 
the information to develop models of the 
environment that will help human societies 
adapt to changes in ecosystems. 

According to Weltzin, the predictive 
potential of phenology requires a new data 
resource -a national network of integrated 
phenological observations and the tools 
to access and analyze them at multiple 
scales. 

"The key strength of the network is 

that it is science -based, but its success 
is predicated on the involvement of the 
public," Weltzin says. "Scientists collect 
detailed, intensive observations at a 

relatively small number of sites, whereas 
citizens collect less- detailed 

observations from an extensive 

411) 
number of sites. When we put it 
all together, we have a fantastic 
tool that can help us understand 

and adapt to climate change." 

One example of public involvement in 
phenology is a USA -NPN affiliate program 
called Project BudBurst (www.budburst. 
org), where people of all ages can report 
when plants leaf out and bloom across the 
nation. More extensive plant monitoring 
programs will be rolled out in 2008, and 
a national animal phenology program is 

under development. 
"This is an excellent way to engage 

citizens in climate change research," 
Losleben says. 

"During the past year or two, the general 
public has become quite aware of climate 
change -not if there is climate change, 
but rather when it is occurring. Instead 
of wondering or worrying about it, the 
average citizen can do something about 
it by contributing to the national database 
the NPN is building. Thus, the creation 
of the USA -NPN is very timely, and its 

potential to advance climate 
change research is great." 

Agencies responsible for 
planning and supporting the 
USA -NPN include National 
Science Foundation, US Geological Survey, 
National Park Service, US Fish& Wildlife 
Service, Bureau of Land Management, 
USDA - Forest Service and Agricultural 
Research Services, NASA, National 
Oceanic and Atmospheric Administration 
and EPA. * 

USA -NPN National Coordinating Office 
www.usanpn.org 

Plant Phenology Programs 
www.npn.uwm.edu 

Project Budburst Citizen Scientist 
Field Campaign 

www.budburst.org 

Examples of six areas to 
which phenological research 

can contribute 

Contact 

Jake Weltzin 

(520) 626 -3821 

jweltzin @usgs.gov 

Mark Losleben 
(520) 626 -4696 

losleben@emaitarizona.edu 

o 

o 

Scientific Research 
Effects of climate variability and 

change, ecological forecast models, 

ecological synchrony, carbon 

sequestration, ground truthing for 

remote sensing, ecohydrology 

Agriculture 
Timing of management activities 

(pest and disease control, planting, 

harvesting, and provision of 

pollinators), drought monitoring, 

range management 

o Tourism and Recreation 
Informing tourists when and where 

to go for seeing bird migrations, 

wildflower displays, and fall colors 

o 

o 

Human Health 
Timing and prediction of allergy 

(hay fever) and pulmonary (asthma) 

problems. Study of vector -borne 

diseases (lyme disease, avian 

influenza, West Nile virus) 

Natural Resources 
Prediction of forest pest and disease 

outbreaks, fire management, invasive 

species management, watershed 

management, selection of species 

and varieties to be used in "'assisted 

migration" to conserve ecosystem 

services as climate changes 

o Education 
School children and citizen 

scientist involvement in scientific 

observations; establishing college 

curriculum in phenology that 

encourages local observations and 

educational use of the data products 

of the network 



There is nothing neutral about saltcellar. Imported to the East 

Coast from Eurasia as a nursery plant in the early 1800s, the 
hardy shrub's popularity grew beyond ornamental purposes in 

the early 1900s, when thousands were planted out West to stabilize 
irrigation canals and control erosion along elevated Southern Pacific 
rail lines. Satisfaction turned to alarm when the eight imported 
species of saltcedar -also called tamarisk -escaped cultivation and 
spread too fast. 

Dense thickets of the drought -and salt -tolerant species Tamarix 
ramossisima now cover vast tracts of the West and Southwest, 
especially in watercourse (riparian) areas once filled with native 
willows and cottonwoods. Blamed for guzzling too much water, out - 
competing native plants and destroying wildlife habitats, saltcedar 
has been the focus of 25 years of aggressive abatement efforts. To 

many, the only way to control it is to kill and remove it. 
"The longstanding idea is that getting rid of saltcedar would I improve the ecology and save water," says Ed Glenn, a senior 

research scientist in the Environmental Research Laboratory, part 
of the UA Department of Soil, Water and Environmental Science 
(SWES). Yet eradication measures are costly, time -consuming and 
labor intensive -and may not, as new research shows, be entirely 
necessary. 

Glenn and a team of scientists from the UA, the U.S. Geological 
purvey and other institutions have spent 10 years comparing 
saltcedar and native plant water use, and assessing riparian zone 
ecology along the Lower Colorado River, from the Grand Canyon to 
the delta -in Mexico. Funding sources have included NASA, the U.S. 
Fish and Wildlife Service (USFWS), the U.S. Bureau of Reclamation 
and many others. The studies have yielded surprising results. 

"What we've found using remote sensors calibrated with ground 
measurements is that saltcedar only uses three feet of water per year, 
which is less than your backyard lawn, and even less than the native 
trees," Glenn says. "In comparison, farmers apply seven to nine feet 
to their alfalfa fields, of which the plants use about six feet, and the 
rest is lost to runoff or deep infiltration." 

To put this in context, the flow in the Lower Colorado is about 
15 million acre -feet of water annually. Along this 200 -mile stretch, 
there are nearly 100,000 acres of riparian vegetation; about half 
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of that is dense stands of saltcedar and the 
rest is saltcedar mixed with native plants, 
according to Glenn. 

Studies show that -contrary to popular 
perception -the heaviest tracts of saltcedar, 
around 50,000 acres, use only about one 
percent of the river water from the Grand 
Canyon to the Mexican border, and all 
riparian stands together use only about 
two percent. The same figures apply for the 
stretch of the Colorado in Mexico that runs 
from the border to the delta. Thus tearing 
out saltcedar to save water for native plants 
and also for cities -another reason given for 
its eradication -may not save as much as 
commonly believed. 

"For every acre of saltcedar eradicated, 
it was estimated that as much as 10 acres 
of water would be salvaged," Glenn says. 
"The actual number is nearly zero, because 
saltcedar uses three feet of water, not 10 feet. 
With the soil bare, something else will come 
in and take over, or erosion will set in." 

Glenn worked on a series of saltcedar 
studies with Pamela Nagler, who initially 
participated in the NASA -funded study as a 

UA graduate student and is now an adjunct 
assistant research scientist in SWES and 
a research scientist with USGS. The most 
recent study measured the water use of 
saltcedar and native plants at sampling sites 
in the Cibola National Wildlife Refuge on 
the Lower Colorado River and compared 
those figures with alfalfa water use in a field 
adjacent to the refuge. 

Measuring plant water use in riparian 
areas only became possible in the early to 
mid- 1990s, when moisture flux towers were 
introduced and installed at intervals along 
various Southwest rivers, including the San 
Pedro, the Lower Colorado and the Rio 
Grande. Flux towers precisely measure the 
moisture passing from the leaves of the plant 
canopy into the atmosphere. 

"We've combined the data from the 
flux towers with the new satellite images 
that can measure the actual area of the 
river," Glenn explains. "It's like somebody 
pulled a window shade open and you can 
see the whole thing. Before, people would 
use cement catchments or pots, but those 
aren't actual measurements of real stands of 
saltcedar. For the first time, we're getting an 
accurate look at what the real vegetation use 
of water is along the river." 

Along with the water use measurements, 
researchers also examined saltcedar as a 

bird habitat in response to the perception 
that the plant displaces native vegetation 
used by native and migrating birds. Scientists 
involved in the bird work include Charles 

Z 
a 
. 

A view of the Colorado River in Mexico. The river is free to meander and overflow its banks at times, producing stands of 

native trees among the dominant saltcedar plants. 

Van Riper, a professor in the UA School of 
Natural Resources (SNR) who has counted 
birds on the Lower Colorado River for many 
years, Mark Sogge of the USGS Flagstaff 
office, and Osvel Hinojosa -Huerta who 
counted birds in the Colorado River Delta 
in Mexico, and earned a Ph.D. for this work 
from the SNR Wildlife and Fisheries unit 
under professor Bill Shaw. 

"It's actually been shown that birds like 
saltcedar," Glenn says. "Insect- eating birds 
feed off the insects that incubate in the soil 
underneath the plants when it is moist, while 
other birds use saltcedar thickets for nesting 
and protection against predators." 

Along the Lower Colorado, bird surveys 
have shown that saltcedar supports various 
bird species, including two endangered 
native species. The Southwestern willow 
flycatcher and the yellow -billed cuckoo 
have moved into saltcedar as a replacement 
habitat for the willows and cottonwoods, 

forcing resource managers to take a second 
look at whether a zero -tolerance policy for 
saltcedar is the best course to take. 

As an example of the zero -tolerance 
policy, Glenn notes that herbicide was 
sprayed on 21,000 acres to control saltcedar 
along the Pecos River in New Mexico. 

"They measured the savings in water 
and found they could not document any 
savings at all, and the USFWS has declared 
that saltcedar clearing is now the single 
biggest threat to several endangered birds 
in New Mexico," he says. "In Nevada, a 

biocontrol beetle has been released to feed 
on saltcedar. Unfortunately, if it really caught 
on, it would cause a problem with taking out 
a low water -use plant. We wouldn't know 
what to replace it with." 

It turns out that saltcedar isn't inherently 
invasive -it runs rampant only when human 
activity diverts river flows. Studies reveal 
that saltcedar moves into riparian areas and 
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An example of a healthy riparian ecosystem in the delta of the Colorado River in Mexico. Saltcedar plants grow in a mixed 

association with native trees and shrubs, plus aquatic plants and open water, providing an excellent habitat for birds and 

other wildlife. 

displaces native species at the same time 
that dams and levees have reduced the water 
coming out of rivers. The reduced stream 
flow alters the ecosystem, making the area 
drier and saltier than it was historically, 
according to Glenn. Native trees no longer 
thrive under those conditions. 

"The trees disappear and the saltcedar 
moves in," he says. "It's easy to look at it as 

an invasion problem, but scientists go in and 
just get the facts, and it's not necessarily what 
you think." The UA scientists conducted 
surveys in pristine streams in Mexico and 
the natural riparian areas around them, 
and they found that saltcedar doesn't enter 
into natural river systems where there's a 

natural ebb and flow over seasons. Rather, it 

spreads in the areas where the river has been 

diverted into channels from dams, and as a 
result, the soil turns salty. 

Willows and cottonwoods remain firmly 
established where free -flowing desert rivers 
overflow periodically and flood the banks, 
leaching the salt from the plants. Saltcedar 
doesn't compete much with them under 
those conditions. 

"The best kind of ecosystem you could 
create on disturbed river systems like the 
Lower Colorado River would be about 10- 
15 percent native trees and some standing 
water or wet soil nearby. Saltcedar is great 
in combination with those trees: the birds 
like the multilayered canopies," Glenn 
says. Saltcedar also benefits agriculture by 
surviving in the saline brines created by 
return flows when farmers irrigate crops. "It's 
much more feasible to live with the saltcedar 

and reco3nize that it doesn't use much water 
and does provide habitat for native species, 
rather than trying to eradicate it and replace 

it with plants that are no longer suitable for 
the environment we've created." 

The UA studies support using a pulsed 
flow along the Lower Colorado, where 
water is released intermittently in greater 
amounts from Hoover Dam. This practice 
would encourage willows and cottonwoods 
to regenerate-even with saltcedar 
present -although the area would need to 
be closely monitored to prevent fires. River 
terraces accumulate fire -prone litter in a 

reduced flow situation caused by dams, 
because there is no flooding to carry it 
away. Heavy stands of saltcedar can burn in 
swathes 30 to 40 feet high. 

"What we and scientists at other 
universities have done is a total rethink 
on the specific ways plants use water, and 
how you manage it," Glenn says. "We did 
have resistance at first, and the restoration 
community has been slow to change their 
minds about this, but eventually the story 
gets out. That's why science still does drive 
these processes. Eventually the practices 
catch up to the science." 

Momentum continues to build in the 
scientific community regarding the role 
of saltcedar in the environment. Professor 
Julie Stromberg at Arizona State University 
was an early leader in showing that 
saltcedar could play a valuable role in 
riparian ecosystems. Researchers at other 
universities have also clearly demonstrated 
that saltcedar isn't a heavy water user, that 
it grows in the type of salty soils that make 
up our rivers, and that it supports wildlife, 
according to Glenn. 

"We've sort of gone full circle from the 
saltcedar being added to the landscape, 
then being regarded as a nuisance, and now 
being recognized for its value." * 

Contact 
Ed Glenn 
(520) 626-2664 
eglenn@ag.arizona.edu 

Pamela r Na le -- - 
(520) 626-2113 
pnagler@ag.arizona.edu 
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After holding the title of No. 1 pest in Arizona cotton for the past 
10 years, the Lygus bug is now the focus of a four -state effort 
to suppress its reach and potential 

multiple crops. 
In cotton alone, yield losses to this serious pest have averaged 

over $6.9 million annually in Arizona for the past 10 years. Across 

the Cotton Belt, Lygus infested more than five million acres in 2007. 
Nearly $100 million was spent on sprays, but despite these control 
efforts, over $50 million was lost in yield to Lygus. In addition to 
cotton, Lygus attacks a wide array of vegetable, field and fruit crops, 
and will migrate to susceptible new crops introduced to an area. 

Although Arizona cotton growers have kept Lygus at bay since 
1999 through an effective integrated pest management (IPM) 

program, the insect has expanded its feeding range across the 
Southwest, calling for a more comprehensive approach. 

Thanks to a $2.5 million grant from the USDA -Cooperative State 

Research, Education and Extension Service's Risk Avoidance & 
Mitigation Program (RAMP), scientists, growers and agricultural 
industry representatives in California, Arizona, New Mexico and 
Texas are working together to reduce the risk of Lygus infestation at 

three levels: the individual grower's field, the local landscape and 
the wider ecosystem. The program includes co- principal investigators 
from USDA, University of California, New Mexico State University, 
Texas A &M and the UA as the lead institution. 

"We want to develop the know -how to be able to understand 
Lygus movement and ecology so growers can more strategically 
arrange their landscape to minimize the damage," says Peter 

Ellsworth, University of Arizona entomologist and lead investigator 
for the Lygus RAMP team. "We're looking at crop densities and crop 
placement that make Lygus infestations better or worse, investigating 
the pest's movement potential and testing safer methods for 
controlling Lygus in at least 10 crops." 

AMPing Up 
Against 

Lygus 
By Susan McGinley 

A large -scale 
risk management program 
for Western crop systems 

The four -year RAMP study specifically targets Lygus populations in 

upland and Pima cotton, cauliflower and broccoli grown for seed, 

romaine lettuce, eggplant, chile, alfalfa, dry beans, guayule (grown 
as a latex source) and lesquerella (a new oilseed crop). The goal is to 
help growers improve their productivity and profitability in Lygus - 

infested crops. 
After obtaining funding in 2006, the RAMP team began its first 

full field study in summer 2007. One Arizona grower was able to 
manage 1200 acres of cotton during the late season with a reduced - 
risk insecticide, based in part on the research and guidelines that 
were developed. 

The large -scale applied approach builds on three established 
components of IPM: 1) sampling pest populations in fields, 2) 

spraying only when needed, with safer chemicals that don't interfere 
with natural controls and 3) avoiding risk through altered planting 
dates, crop placement, use of resistant varieties and other production 
techniques. 

The project includes an ambitious, expanded Lygus sampling and 
mapping project on 60 growers' farms and surrounding areas in 
the San Joaquin Valley in California, in Central Arizona and in West 
Texas, encompassing more than a million acres of land. 

"We'll have a nice series of contrasts in the comparative study," 
Ellsworth says. "Perhaps Lygus movement in a simple system is 

different than it is in very large fields. We don't know. But by having 
these three windows into pest movement across a landscape we'll 
have that much more insight on how to advise growers." 
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In Arizona, RAMP team members at the USDA -Arid Land 
Agricultural Research Center developed a series of protein markers 
to track Lygus bugs. The USDA research entomologists include Jackie 
Blackmer and Steve Naranjo, who are also adjunct UA entomology 
research scientists, and James Hagler. The technique involves 
spraying milk casein, soy or chicken egg proteins on different crops 
for Lygus to pick up when they land or feed. Traps placed at varying 
distances from the fields collect the bugs, which are taken back 
to the laboratory and matched to the fields they came from by the 
substance detected on their bodies. These studies tell the researchers 
where and how far Lygus are moving in and out of fields. 

Meanwhile, UA scientists Yves Carrière, Christa Kirk and Ellsworth, 
as well as cooperating scientists in Texas and California are using 
global positioning systems (GPS) coordinates from the Arizona 
Cotton Research & Protection Council to develop statistical tools for 
understanding spatial -temporal aspects of Lygus distributions and 
movements over different cropping communities. Measurements of 
the crop diversity in an area will be correlated to risks for damaging 
levels of Lygus nearby. With this information, Ellsworth says, "we'll be 
able to advise growers about crop placements that reduce the risks of 
Lygus damage on their ranches, or more broadly, in their production 
region." 

Along with monitoring, the researchers hope to find new 
compounds with reduced toxicity, and examine their compatibility 
with beneficial, nontarget insects. In 2007, Arizona Cooperative 
Extension programs in one major cotton -producing county helped 
growers switch from using broadly toxic Lygus insecticides to a new, 
reduced -risk insecticide that offers better opportunities for natural 
biological control. Where 100 percent of the sprays in 2006 were 
broad -spectrum, 52 percent were the reduced -risk type by 2007. 

"It's all about managing the pests and natural enemies within the 
system, maintaining a reasonable balance," Ellsworth says. "The 
system should only require the occasional input of a key pesticide - 
one with minimal negative impacts on the predators and parasites 
that assist pest control. The other element is the whole avoidance 
basis: area -wide impact of "source- sink" relationships on Lygus 

10 

movement, crop placement, host management, inter -crop movement 
and ultimately, cross -commodity cooperation." 

The term "source- sink" refers to fields where Lygus either explode 
or dwindle in population. Some plant species serve as a "source" for 
Lygus by attracting it and offering an environment where it multiplies 
and then moves on to attack nearby crops. Other plant species may 
be a "sink" for the pest, luring the bug to move in and then retaining 
its population where it cannot cause damage -a good thing in a crop 
situation. 

"Growers already know that planting seed alfalfa next to cotton is 

going to be a serious issue for the cotton grower," Ellsworth explains. 
"They also know that if they've got cotton next to safflower they'll be 
spraying over and over in the cotton until the safflower is dried down 
and stops 'sourcing' Lygus to surrounding crops." 

Some of the RAMP studies are focusing on which crop and non - 
crop plants are sources and which are sinks for Lygus, since not all of 
these interactions are known, particularly for new crops. When new 
plant species are introduced to an area, market demand and related 
economic benefits are often given precedence over concerns about 
how the existing pest populations will interact with the new crops. 
The RAMP team will determine which crop placements are safer and 
which are more risky. 

"In Arizona we've got sweet sorghum, guayule and lesquerella that 
are about to be planted on a wide scale for the first time," Ellsworth 
says. "Are we seeding our entire landscape with a Lygus nursery 
that's going to affect our sensitive crops negatively? Or can we use 
these crops as a sink or 'sponge' to suck up all of the Lygus in the 
landscape? That's what we want to find out." 

In all, the RAMP strategy includes 32 subprojects. RAMP 
participants will progress from research and development to 
information outreach and implementation. Grower education will 
include print and electronic publications, field days and on -farm 
demonstrations, meetings and seminars, grower participatory 
research and interactive training. There will be a detailed evaluation, 
headed by UA extension scientist Al Fournier with contacts from the 
four states, to assess impact of the program. 

Lygus hesperus adult on cotton bract 

The Universit 



"In the end, what's really neat about 
the RAMP program is we include 
everything from fundamental science and 
applied science to delivery, outreach and 
implementation," Ellsworth says. "We'll put 
the information in the hands of the growers 
and they'll manage their acreage with new 
tools and a new understanding of how to 
avoid problems with Lygus." 

As a way to try that out with no risk 
initially, a computer gaming simulation for 
growers will be developed with the help 
of a private consultant, Andrew Corbett 
in California, and conducted through 
Cooperative Extension with Ellsworth, 
Fournier, cooperating county agents, and 
UA agricultural economist Russ Tronstad. 
The simulation will gather all of the 
principles developed through the research 
into a practical model for designing a 

crop management plan. For example, 
growers may be given a virtual 1,000 acres 
to develop into cotton, small grains and 
other crops, and requested to arrange them 
spatially on their acreage. 

"Then we'll run the simulation community 
and see what the Lygus risk is," Ellsworth 
says. "We'll explain what we know about 
Lygus and how it moves; what is a source 
and what is a sink at this time of year, and 
tell them the risks of planting one crop near 
another." Next, the participants will have 
an opportunity to dialog with their "virtual" 
neighbors and redesign how they'd plant the 
1,000 acres, and the simulation will be run 
again, taking into account how they would 

Reference map for Lygus populations shows a cotton field in the center. Fields were chosen at random 

throughout Arizona. California and Texas. Lygus bug populations were sampled weekly during the summer 

of 2007. and the location of every agricultural field and the crops grown were mapped out to a radius of 3 

km. Scientists believe this is the range where Lygus can have an impact. 

spend the least in pest control and how they 
would collaborate with nearby growers. 

"It's just another way producers can look 
at the landscape," Ellsworth says. "They 
already know what's out there, but they just 
don't have the specificity of the information. 
That's the training. It's where we see 

agriculture going: very knowledge -intensive." 

Ellsworth says it takes a vast set of 
information to farm "on an inch -level" with 
GPS. Growers already do this across their 
fields with water and other inputs. 

"But pests are a biological entity, and 
we've never had all the tools in place to do 
what we want to do right now. We want to 
manage agriculture as an ecosystem." * 

Arizona Pest Management Center 
Lygus RAMP project 

http:/ /cals.arizona.edu/apmdRAMP.html 
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Contact 
Peter Ellsworth 
(520) 568 -2273 

peterell @ag.arizona. edu 

Yves Carrière 
(520) 626 -8329 

ycarner@ag.anzona.edu 

Al Fournier 
(520) 381 -2240 

fournier@ag.arizona.edu 
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Designer Toxins 
Kill Bt- Resistant 
Insect Pests 
An environmentally friendly approach to insect control 
By Mari N. Jensen 

A cotton boll with a pink bollworm caterpillar inside 

Ffiguring out how Bt toxins punch holes in the cells of 
an insect's gut was the key to designing the new toxins, 
according to a Mexico -U.S. research team. 

Some insects have evolved resistance to Bt toxins, natural 
insecticides used worldwide to combat disease -carrying mosquitoes 
and pests of crops such as cotton and corn. Bt stands for Bacillus 
thuringiensis, a widespread bacterium that makes the toxins. 

"This is the first time that knowledge of how Bt toxins work and 
how insects become resistant have been used to design toxins that 
kill resistant insects," said research team member Bruce Tabashnik 
of The University of Arizona in Tucson. 

The discovery is important for cotton- growing areas such as 
northern Mexico, Texas and Arizona. More than 90 percent of 
Arizona's approximately 200,000 acres of cotton are planted in the 
biotech cotton known as Bt cotton. 

"Our goal is to control insects in environmentally friendly ways 
so we can limit the damage that insects do to crops and the harm 
they do to people by transmitting disease," said Tabashnik, head of 
the UA's entomology department and a member of the UA's BIO5 
Institute. 

"Bt toxins are great for that because they only kill certain insects 
and don't harm other living things. These new designer toxins give 
us another environmentally friendly way to control insects." 

The Mexico team developed the designer toxins by tweaking 
the gene that codes for the toxin, a protein. The researchers then 
teamed up with Tabashnik to test their modified toxins on UA's 
colony of Bt-resistant pink bollworms, major cotton pests. 

Team rfiember Alejandra Bravo, a research scientist at 
Universidad Nacional Autónoma de Mexico (UNAM) said, "We 
proposed that changing a small part of the toxin would kill the 
insect -and we did it." 

The team's research article, "Engineering Modified Bt Toxins to 
Counter Insect Resistance," was published in the December 7, 
2007 issue of the journal Science. The collaboration between the 
UNAM team of molecular biologists and the American expert in the 
evolution of pest resistance started in 2006. 

Mario Soberón and Alejandra Bravo, a husband -wife research 
team, invited Tabashnik to give a talk in Cuernavaca, Mexico, at a 

scientific conference on pore- forming bacterial toxins such as Bt 
toxins. 
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Cotton fields in Parker Valley. Arizona. Bt- cotton is the greener field in the foreground. The whiter swath of cotton in the background is a refuge field of non Bt- cotton. 

Tabashnik said, "While I was there, I got 
turista -which is caused by pore- forming 
bacterial toxins. I was pretty sick." 

The couple cared for Tabashnik while he 

recovered. He asked what he could do to 
repay their kindness. Soberón suggested 
collaborating to test their designer toxins 
on UA's resistant insects. 

"It was the perfect match," Tabashnik 
said. "We knew what made our strains 
resistant, and they hypothesized that 
their designer toxins could overcome the 
resistance." 

The discovery is based on understanding 
a receptor molecule called cadherin, 
which is found on the insects' gut 
membranes. Normal cadherin binds with 
the Bt toxin in a lock- and -key fashion. 

After the toxin binds, an enzyme hacks a 

bit off each toxin molecule. 
The trimmed toxin molecules clump 

and form pores in the gut membrane cells. 
The pores let materials flow chaotically in 
and out of the cells. As a result cells and 
ultimately the insect die. 

Tabashnik and his UA colleagues Tim 
Dennehy and Yves Carrière knew the Bt- 

resistant pink bollworms in their colony had 
a mutant version of cadherin. 

Tabashnik said, "These resistant insects 
have genetic changes, mutations, that 
change the lock. Their cadherin no longer 
takes the key." 

The UNAM team did an end -run around 
the resistant insects' strategy. The modified, 
or designer, toxins have that crucial bit 
already gone, so they clump and form the 
death -dealing pores. No cadherin needed. 

Bravo said, "When Bruce told us it killed 
the insects, we were very happy. We know 
if it kills resistant insects, it will be very 
important." 

The researchers have applied for a 

multinational patent for the designer toxins. 
UNAM is the lead organization in the 

patent. 
Combating Bt- resistant pests without 

using broad -spectrum insecticides can 
make agriculture safer for farm workers, 
better for the environment and more 
profitable for growers, Tabashnik said. 

He added, "The university research that 
helped produce this new invention is an 
investment that can bring returns to the 
state of Arizona." 

With the exception of Tabashnik, all 
the authors on the research paper are at 
UNAM's Instituto de Biotecnología in 
Cuernavaca, Mexico. Tabashnik's co- 
authors are Mario Soberón, Liliana Pardo- 
López, Idalia López, Isabel Gómez and 
Alejandra Bravo. 

The Mexican National Council of 
Science & Technology (Consejo Nacional 
de Cienca y Tecnología, or CONACyT), the 
U.S. National Institutes of Health, and the 
U.S. Department of Agriculture funded the 
research. * 

Contact 

Bruce Tabashnik 
520 -621 -1141 

brucet@ag.arizona.edu 

B105 Institute 
www.bio5.org 
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What Lies Beneath 

Root knot nematodes measure just 50 microns - less than 1/16 inch long. 

Root knot nematode larvae parasitize cotton 
roots, causing swellings known as root knot 
galls that draw nutrients from crop leaves. 
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Controlling the root knot nematode in eastern Arizona 

By Joanne Littlefield 

The same technology that helps you 
navigate to a restaurant in a strange 
city is helping farmers in eastern 

Arizona reduce their pesticide usage. The 
use of global positioning systems (GPS) 
and geographical information systems 
(GIS) has exploded over the past five 
years. During that time Graham County 
regional extension specialist Randy 
Norton has been exploring alternative 
uses for tractor -based GPS in cotton 
fields. 

University of Arizona plant pathologist 
Mike McClure happened to be sitting 
in the audience at an agricultural field 
day in Willcox in 2004 when Norton 
presented his data on GPS- driven field 
trials in nearby Graham County. "This 
is perfect for detecting nematodes," 
McClure thought to himself. He had 
been using satellite imagery to try to 
pinpoint nematode populations in 
agricultural settings. The idea was to use 
lower levels of greenness in the crop 
canopy to detect stressed areas that might 
indicate the presence of nematodes, a 

type of microscopic, parasitic worm. 
Root knot nematodes in particular 

are a problem in agricultural areas with 
sandy soil. Their distribution is highly 
variable across Arizona. McClure had 
completed surveys statewide, including 
the Gila River Valley in Graham County, 
and had found nematodes. 

"It's kind of a hidden enemy -you 
never see it," Norton says. 

But you do see the damage root knot 
nematodes cause in horticulturál and 
field crops. Their larvae parasitize plant 
roots, causing swellings known as root 
knot galls that draw nutrients from the 
crop leaves. The result is slowed growth, 
lowered quality and reduced crop yields. 
Total crop loss is possible with severe 
nematode infestations. 

Between 2001 and 2005, applications 
of the nematicide Telone® II to Arizona 
cotton fields averaged more than 18,000 
gallons annually. Since that field day in 

2004, McClure and Norton have jointly 
researched ways to use new technologies 
to target the pests more precisely, not only 
to help growers improve their bottom line 
with fewer inputs, but also to lessen the 
environmental impact of repeated pesticide 
and fertilizer applications. 

"Our first target is to control the pest; 
our second is to do it in an efficient 
manner and hopefully reduce the amount 
of pesticide that we have to use," Norton 
says. 

About seven years ago, Norton, who 
is based at the UA's Safford Agricultural 
Center, began noting a shift in how Gila 
River Valley cotton producers prepared 
their fields for planting. Two growers had 
purchased GPS systems, at about $40,000 
per tractor, to conduct their operations 
more efficiently. The auto -steer systems 
allowed them to pull straighter rows and 
minimize overlap. 

Norton was interested in finding 
additional uses for GPS to show growers 
how they could maximize their investment, 
so he collaborated with a local grower 
who was using a yield monitor on a cotton 
harvester to collect data. 

"As he drove through the field it would 
pick up yield information at specific 
points that were tied to a GPS coordinate," 
Norton says. He developed a prescription 
fertilizer regime from that yield map. 

"We said, 'okay, wherever yield is low, 
we're going to bump up the fertilizer a little 
bit. - The results were very good, according 
to Norton. "We didn't necessarily see 
a big increase in yield but we did see a 

reduction in fertilizer use by 27 percent 
in this one particular trial, delivering a 

cost savings of approximately $7 per 
acre." Over a 1,000 -acre farm, one year of 
these results would pay for the equipment 
needed to collect the data and perform the 
prescription application. 

When Norton and McClure collaborated 
for the first time on a trial in 2005, they 
included a detailed soil sampling for 
nematodes in a 30 -acre field -about every 
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2500 square feet -resulting in 500 soil 
samples. Next, armed with yield maps, 
the satellite imagery McClure had been 
monitoring and the soil sample data, the 
two researchers began constructing the 
case for spot use of a nematicide, rather 
than blanket applications. 

We knew we had nematodes in certain 
sections of the field and if we could 
correlate the drop in yield to nematode 
pressure, we could use that yield map to 
develop a prescription application map 
for the nematicide," says Norton. "We 
put that map in the tractor's computer 
and drove through a test plot of about 19 
acres, and the injector would apply the 
chemical wherever we had programmed it 
to turn on and off." Only a little more than 
8 acres actually were determined to need 
treatment. 

"We knew there were some areas in the 
field where the decrease in yield wasn't 
due to nematodes," Norton admits. The 
small size of the test plot didn't allow 
the researchers to take into account 
variations in yield other than nematodes. 
For example, water often accumulates at 
the tail -end of a field, leading to reduced 
cotton growth. 

Norton and McClure repeated the 
trial in a larger field in 2006, with better 
results: a 56 percent reduction in Telone® 
Il applications. "We know we were 
controlling the nematodes and we also 
know we were doing it in a targeted way 
that was effective," Norton says. 

The UA results show that a single 
application of five gallons per acre will 
control root knot nematodes for the entire 
growing season. With Telone® Il currently 
costing about $11 per gallon, the input 
per acre would amount to $55 for the 
nematicide, but spot- treated areas would 
cost less. For example, if just 42 percent of 
an acre needed treatment, the input cost 
for the nematicide would fall to $23. 

The 2007 growing season found the 
research team adding another technology 
to the mix: an electromagnetic probe 
called EM -38. Norton and McClure used 
it in Safford in eastern Arizona, and in 
Coolidge in central Arizona. 

"Depending on how you use the 
machine, you can measure salt content 

and soil texture, and from that data you 
can build a soil texture map," says Norton. 
"We now know where the fine texture is, 

and where the sands are." It's been well 
documented that nematodes live in the 
sandy areas of the field, not in the clay 
areas. 

"They just don't survive in the fine - 
textured soils," Norton explains. "Thus 
we have acreage where we've applied 
nematicide per the map, and we have 
areas where we've just applied it in strips 
all the way through the field." The more 
intricate design will allow the researchers 
to determine more precisely if their yield 
response is a result of the nematicide 
application or some other factor. 

Still, growers in Graham County aren't 
jumping to add another input to their 
production regime, and Norton believes he 
still needs to prove to them that their crops 
are actually being damaged by nematodes. 
His clientele are competing in a far more 
global economy today, with markets 
influenced by countries with relatively 
inexpensive input costs, while the costs of 
inputs for U.S. producers continue to rise. 

"It's still kind of a 'wait and see, "' Norton 
says. "We've had some excellent yields in 
this valley, some of the highest yields in 
the state. But if we can show that growers 
can target certain areas of the field through 
GPS and control the pest efficiently, they 
are more likely to consider using the 
nematicide." Using the latest tools to 
improve yields while reducing the cost 
of chemical pesticides benefits both the 
grower's bottom line and the environment, 
according to Norton. 

"This is the type of thing that's going to 
keep agriculture viable in Arizona." * 

Contact 
Randy Norton 
(928) 428 -2432 

rnorton @cals.arizona.edu 

Michael McClure 
(520) 621 -7161 

mcclure@ag.arizona.edu 
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Using GPS to Target 
Nematicide Applications for 

Root Knot Nematodes 

Figure 1. 

Figure 1. Yield map of cotton test field in 2005. 

Green areas had the highest yields. red areas the 
lowest, possibly due to nematode damage. 

Figure 2. Prescription map of same field showing 

the nematicide "as applied" (blue) to an 18.5 acre 
rectangle of the test field in 2006. 

Figure 3. Yield map from the 2006 harvest 
after prescription application of TeloneR II. The 
rectangle marks the 18.5 acres of the prescription - 

treated area. Green areas had the highest yields. 
red areas the lowest. Cotton yields increased in 

the application area. 
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For many young girls, a stable family life is one key factor 
to avoiding a number of serious health problems. Research 
conducted at The University of Arizona and the University of 

Wisconsin, Madison, shows that girls who grow up with supportive 
parents who themselves have a strong relationship are more likely to 
delay the onset of puberty. 

Early puberty in girls is already known as a risk factor for a variety 
of health problems, including mood disorders, substance abuse, 
adolescent pregnancy and cancers of the reproductive system. 
Understanding these risks is also essential as a means to develop 
effective early intervention and prevention strategies. 

Bruce J. Ellis, an associate professor in the Norton School of Family 
and Consumer Sciences at the UA, and Marilyn J. Essex at Wisconsin 
based their study on a 1991 model developed by noted psychologist 
Jay Belsky and his colleagues of the role of family ecology in speeding 
up or slowing down puberty in girls. 

Belsky's theory is that children's early experiences affect how they 
mature. Certain stressors in and around the family create conditions 
that speed puberty as well as sexual activity. These stressors include 
poverty, marital conflict, negativity and coercion in parent -child 
relationships, and lack of support between parents and children. 
According to Belsky's theory, children adaptively adjust their sexual 
development in response to the conditions in which they live. 

To test this, Ellis and Essex investigated how stressors affect children's 
development by examining families of 227 preschool children in 
Wisconsin. They measured socioeconomic conditions, marital conflict, 
parental depression and supportive versus coercive parenting through 
interviews with mothers and fathers. 

The study followed the children through middle school, testing 
the first hormonal changes of puberty, the awakening of the adrenal 
glands, in 120 of the children (73 of whom were girls) when they were 
in first grade, and the development of secondary sexual characteristics, 
such as breast budding and the growth of body hair, in 180 girls in 

Home life influences onset of maturity 
By Jeff Harrison 

fifth grade. Ellis, who was the lead author of the study, said the data on 
puberty were obtained from "mother -and- daughter reports." 

"Essentially, the mothers and daughters were independently shown 
a series of diagrams depicting different levels of physical development 
and then selected the diagram that most closely resembled the 
daughter," Ellis said. 

The results of the study show that children living in families with 
greater parental supportiveness, from both mothers and fathers, 
with less marital conflict and less depression reported by the fathers 
experienced the first hormonal changes of puberty later than other 
children. In addition, children whose mothers had started puberty later 
(a genetic factor), whose families were better off financially when the 
children were in preschool, whose mothers gave them more support 
when they were in preschool and who had lower Body Mass Index 
scores when they were in third grade developed secondary sexual 
characteristics later than their peers. 

"Consistent with the theory, quality of parental investment emerged 
as a central feature of the proximal family environment in relation to 
the timing of puberty," Ellis said. 

"These results replicate and extend previous longitudinal research 
indicating that higher levels of positive investment and support in 
family relationships in preschool predict lower levels of pubertal 
maturation in daughters in the seventh grade," he said. 

Part of the funding for the study came from the National Institute of 
Mental Health. Ellis also received support from the Frances McClelland 
Institute for Children, Youth and Families, which is based at the Norton 
School and serves as a catalyst for the cross -disciplinary study of 
children, youth and families at the UA. * 
Contact 

Bruce J. Ellis 
(520) 626 -5703 

bjellis@email.arizona.edu 
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Arizona 

S E"ents" 
The economic impact of the industry to Arizona 

By Joanne Littlefield 

Horses are a big deal in Arizona. That statement was true in the 
late 1800s when the territory was being settled and it is still 
true today. 

It might seem that fewer Arizonans -if not in actual numbers 
then perhaps as a percentage of Arizona's burgeoning population - 
seem to be interested in horses. Yet University of Arizona 
economist Bruce Beattie says he and his colleagues found that 
likely in excess of 3/4 of a billion dollars is spent every year on 
horse care and activities related to horses in Arizona. 

When ripple effects of these expenditures are taken into account, 
the number grows to a little more than a billion dollars. And the 
impact to the state economy is just about everywhere. 

"The industry footprint covers the state," Beattie says. "It's 
a significant, very diverse, and very disparate industry with 
sometimes competing factions. But in total, horse ownership, 
maintenance, and activity is an important component of the 
Arizona economy." 

In 2001, to more precisely gauge the magnitude and impact of 
the industry, the Arizona State Horseman's Association (ASHA) 
asked researchers from the UA Department of Agricultural and 
Resource Economics (AREC) to evaluate the many ways horses 
contribute to Arizona's economy. 

Chuck Lakin raises cotton, alfalfa and other crops in western 
Maricopa County. He has also raised horses and been involved in 
horse shows and rodeos for years. Through his involvement with 
the ASHA, he was one of the key players in commissioning the 
study. 

"A great many people have been able to use the study findings," 
Lakin says. 

"Certainly anyone who is interested in getting into the horse 
business, either as a hobby or as a commercial venture, could 
benefit from the information gathered." 

ASHA wanted to update figures from a previous telephone 
survey about horse ownership that was conducted in the early 
1990s. That study was based on a random sample of all households 
in Arizona. It provided an estimate of, among other things, how 
many of the total number of households in Arizona had horses and 
the number of horses owned or maintained by those households. 

Whether it's defending a commodity or activity for 
environmental, economic or other reasons, groups seeking the 
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information have many different reasons for wanting to ascertain 
the value and economic impact of "their" commodity or activity. 
AREC economists have enlisted over the years to look at a range of 
economic drivers for the state. 

The original (1990) study reported the age distribution of people 
living in households that kept horses, so the economists knew what 
the age structure looked like. 

"We thought that was fairly important because we know that a 

lot of Arizona's population growth since 1990 has been in both 
retirees and those who may not be so much into horses as others 
might be," Beattie says. The UA researchers extrapolated new 
numbers from the current census figures for Arizona. 

"We then age -weighted those populations growth figures to make 
an educated guess at what might be a reasonable number of Arizona 
horse households and number of horses in 2001," Beattie says. 

To develop estimates of expenditures associated with pleasure 
horses the researchers queried people such as horse breeders, 
veterinarians and tack store owners. Questions included the typical 
price paid for a pleasure horse, the typical investment in tack, the 
typical vet bill per year, the feed bill per year, how much land is 
tied up in providing horse facilities and the costs per month for 
rented facilities. 

"The thousand -pound gorilla in all of this is Arizona -based 
pleasure horses," Beattie says. "That's the big deal." Three quarters 
of the statewide economic impact is due to the pleasure horse 
component. 

"Suppose you or I own a horse to go riding with the kids on the 
weekend, or to participate in roping events," he suggests. "We're 
doing that for pleasure -we own the horse for the same reasons 
that we might own a TV set to watch college football games, or 
own a set of golf clubs to play golf. We own these things and 
participate because we get pleasure from doing so." 

Because horse show expenditures on the part of out -of- 
state participants were not accounted for in the 1990 study, 
Beattie's research team -AREC economists Trent Teegerstrom, 
Jorgen Mortensen and Eric Monke -developed and circulated a 

questionnaire at each of the four major horse shows in the state: 
the Arabian, the Quarterhorse, the Paint and the Hunter /Jumper 

shows. It asked participants such things as how long they were 
staying in Arizona, where they came from, how many nights 
they stayed in hotels, and what sorts of other recreational and 
entertainment venues they attended. 

"We got information on transportation costs for the owners and 
their horses, gifts, food and drink, recreation and entertainment, 
souvenirs, horse feed, bedding and tack costs," Beattie says. 

So how does Arizona compare to other states regarding the 
economic impact of horses? "Much depends on what else is going 
on in terms of economic activity in the respective states," Beattie 
says. "In terms of total dollars, you might have the same level of 
activity going on in Arizona as some other state. But the economic 
impact (percentage share of the state economy) will differ greatly 
between the two states, simply because one state's overall 
economy is much larger or smaller than the other." 

The importance of horses in defining Arizona -the rich Native 
American, Hispanic, and western tradition -is an important 
contribution of the horse industry that our economic numbers do 
not pretend to capture, Beattie notes. Also hard to put a price tag 
to are the aesthetic and psychological benefits of being around 
horses. 

"I, for one, am not a horse owner and have not been atop a 

horse since I was a child -and sadly, I wasn't good at it even then," 
Beattie admits. But like many other people who don't own a horse, 
Beattie says he gets considerable pleasure just from seeing horses 
as he travels around Arizona, including to and from work in the 
middle of Tucson. 

"They're beautiful animals. I think there's a lot of peacefulness 
associated with horses that is not all captured in dollars and cents." * 

Contact 
Bruce Beattie 
(520) 621 -9642 

beattie@email.arizona.edu 

Horses from the College of Agriculture and Life Sciences equine unit graze at the UAs Campus Agricultural Center. 
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ethanol production in semi -arid Arizona 

Stocks of green algae that produce oil for biodiesel production. 

By Joe Gelt 

JazzIed 

by the gold -rush mentality promising U.S. farmers wealth 
by growing corn for ethanol production, an article in the March 
26, 2007 edition of Inside Tucson Business began, "Amber fields 

of corn growing, as far as the eye can see...in Southern Arizona? It's 

possible, say industry and agricultural research specialists, and it could 
happen sooner than anyone expects." 

It is indeed a fetching image. Whatever role Arizona may play in 
the promising field of biofuel production, however, corn is not likely 
to be the crop to enable farmers and others in the state to cash in on 
the developing biofuel market. Water and climate, especially water, 
limits what grows and thrives in the state. Despite alluring possibilities, 
Arizona is not a big corn -growing state. 

What then is the biofuel future of the state? What can be grown in 
semi -arid Arizona for use in biofuel production? 

Researchers at the University of Arizona are considering various 
crops for bioenergy production that could be grown in Arizona. Don 
Slack, department head, agricultural and biosystems engineering, 
says an ethanol group was formed and "We started looking and 
thinking about crops we might grow. We narrowed it rather quickly on 
sorghum, then we narrowed it further to sweet sorghum as opposed to 
grain or milo sorghum." 

Slack says, "Sorghum loves heat and loves drought and so is a 

perfect crop for Arizona." Water quality is less of a problem when 
growing sorghum. Since sorghum is grown as an industrial plant and 
not a food crop, effluent can be used for irrigation. Further sorghum is 

salt- tolerant, able to use marginal waters. Slack says, "It is the kind of 
crop you can grow in an arid climate where you have water of poor 
quality. 

"We are intending to harvest the sweet sorghum and produce 
the juice from the canes. Pinal Energy will run a batch through its 

fermentation and distillation process to get an idea of the yield of 
ethanol per gallon of juice and ultimately, gallons of ethanol per acre." 

Stalks of sweet sorghum contain fermentable sugars in the sap equal 
to 400 -600 gallons of ethanol per acre. This is about twice that from 

corn grain. Sorghum holds promise for Indian farmers who have rights 
to a fairly significant amount of CAP (Central Arizona Project) water. 
The San Carlos Apaches and the Yaqui tribes have expressed interest in 
growing sorghum. 

Slack thinks sorghum may interest Arizona cotton growers. He says, 

"If the US is going to get beat up by the World Trade Organization on 
cotton subsidies, farmers will be looking for an alternative to cotton. 
Sorghum might be a good alternative." 

Some work remains to be done before sorghum becomes a viable 
Arizona crop. Slack says, "There is no question that we can grow it and 
it grows like crazy here. Getting it harvested and the juice fermented 
are the two big things now. If we can get a food or animal fodder out of 
it, that would be another plus. It would have the same appeal as corn. 
I'd say we are a couple of years out before we are producing much of 
this." 

THE ALGAE OPTION 

Arizona's biofuel future then may not be amber fields of corn as far 
as the eye can see but sorghum fields stretched off into the distance. 
Another possibility, although not presenting a very picturesque image, 
is single -celled pond scum called algae covering pools and ponds. This 
may be a new bio-farming industry for Arizona, with commercial -scale 
microalgae production an up- and -coming crop for Arizona farmers. 

Algae has been getting very good press lately as the most promising, 
environmentally -friendly way to produce biofuel, the rising star in 
the biofuel constellation. Only requiring sunlight, water and carbon 
dioxide to grow, the single -celled organism can quadruple in biomass 
in just one day. Depending upon the species, algae can produce oil 
for use as a biodiesel, or starch that can be converted to ethanol by 
fermentation and hydrogen gas. UA researcher Joel Cuello's main 
research interest is using algae to produce oil - biodiesel as well as jet 
fuel. 

Cuello, from the agricultural and biosystems engineering 
department, says the desert is very well suited for growing algae. The 
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desert's abundant wastelands or marginally 
arable lands can be fertile fields to grow 
algae. This means that hitherto unproductive 
lands can be put into production. Growing 
algae does not raise the prickly issue of using 
land that could be cultivated to grow crops, 
as does growing corn. 

Algae provides bigger payoff than higher 
crops. Whereas an acre of corn produces 
about 300 gallons of ethanol annually, 
an acre of soybeans about 60 gallons of 
biodiesel, an acre of algae could produce 
more than 5,000 gallons of biofuel each year. 

Growing algae does not require abundant, 
high quality water. Water not suited for other 
uses without additional treatment, such as 

domestic uses or conventional agriculture, is 

suitable for algae growth. Secondary treated 
wastewater, rich in hydrogen and phosphorus 
nutrients, is excellent for growing algae. 
Irrigation runoff and dairy wastewater can be 
used. Also of special interest to Arizona some 
algae can thrive on non -potable saline and 
brackish waters. 

Also, water savings are significant when 
growing algae. Cuello says, "If you are 
growing higher plants like corn or even 
sorghum you have to water them regularly. 
Not only is water consumption lower with 
algae, but there is less of a problem with 
evaporation." Further water savings result 
since water not taken up by the algae cells is 

recycled. 
Cuello notes another advantage to growing 

algae in Arizona. "We have a lot of sunlight 
here as opposed to, say the Northeast. Algae 
are photosynthesizing organisms so sunlight 
ultimately is their source of energy." 

Along with research conducted at the UA, 
researchers at Arizona State University also 
are focused on algae, with work being done 
to develop industrial bioreactors to mass 
culture microalgae for biofuel production. 
Cuello says, "There are lots of different types 
of algae - myriads, thousands, millions. It 
is the matter of identifying the ones that are 
going to be the most productive for biofuels." 
He added, "And most likely that is going to 
be propriety information for companies." 

How soon will production plants be up 
and operating in Arizona to convert algae 
into biofuels? Cuello says, "I would say it is 

within striking distance. It is very close." 

CELLULOSIC ETHANOL 

Another option to consider is cellulosic 
ethanol, a biofuel made from plants or plant 
waste. Cellulosic ethanol can be produced 
from agricultural waste, sugar cane residue, 
timbering slash, wood chips and prairie 
grasses such as buffalo grass and switchgrass. 

t.) 

Tubular vessels (bioreactors) are being designed at 

the UA to produce green algae on a large scale for 

biofuel production. 

Contact 
Don Slack 
(520) 621 -7230 

slackd@emaiLarizona.edu 

Joel Cuello 
(520) 621 -7757 

cuelloj@emakarizona.edu 

Mike Ottman 
(520) 621 -1583 

mottman@ag.arizona.edu 

Some analysts contend that if ethanol is 

ever to replace gasoline it will have to be 
produced from these abundant sources. 

Corn is not going to do the job; it is 

expected to meet only 10 percent of the U.S. 
transportation needs. 

A recent USDA report on cellulosic 
ethanol acknowledges that cellulosic fuel 
holds "some longer -term promise," but 
maintains that "much research is needed to 
make it commercially economical." Therein 
lies the challenge, to develop an efficient 
and economic way to produce ethanol from 
cellulosic materials. 

Research on growing switchgrass in 
Arizona for a cellulosic biofuel is just 
getting started. UA researcher Mike Ottman 
of the plant sciences department will be 
working on a research project next year to 
study six different types of perennial grasses 
including switchgrass at different levels of 
evapotransporation. The same research will 
be replicated at Washington State University, 
with USDA funding both projects. 

Ottman says, "What we are trying to do is 

look at the water requirements for perennial 
grasses in the western United States, 

Washington and Arizona. We are covering a 

range of possible environments." 
The intent of the research is to determine 

whether switchgrass and other types of 
grasses are viable as a biofuel with regards 
to water use in the West. Ottman says it 
remains to be seen whether cellulosic 
ethanol production will be a viable option 
for Arizona agriculture. He says, "I imagine 
we can get pretty good yield because of our 
sunshine and warm weather conditions; our 
disadvantages is our production cost. A big 
part of the production cost with irrigated 
agriculture is the water." 

Ottman sees agriforestry possibilities in 
the state, with fast growing trees such as the 
poplar planted for use in ethanol production. 
In fact, U.S. forests are being seen lately 
as the good source of wood for ethanol. 
Forest Service Chief Abigail Kimbell recently 
proposed replacing 15 percent of the nation's 
gasoline with ethanol made from wood from 
forests. She said much of this material would 
be small- diameter trees and underbrush, with 
most of it obtained during forest thinning 
efforts to remove underbrush to prevent 
wildfires. 

An Arizona official mentioned that forest 
thinning for bioenergy could result in a water 
advantage to the state. Along with providing 
wood for ethanol, the thinning of forested 
areas would increase the amount of water 
flowing from watersheds, thus adding to 
available water supplies. * 
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The first thing you notice about mature sweet sorghum is its 

height. At 12 to15 feet, this tall, leafy plant that resembles corn 
sports thick stalks with a lot of biomass and high sugar content. 

Scientists at the University of Arizona are exploring ways to breed 

and cultivate different varieties of sweet sorghum and turn its sugar 
into ethanol as an energy source. 

Native to Africa, sweet sorghum thrives in high heat and 
produces under low amounts of water. These characteristics make 
it more suitable to Arizona's desert climate than corn, the feedstock 
most widely used for producing ethanol as an alternative fuel. 

"The point is to find the feedstock that is best suited for our 
environment," says Dennis Ray, a plant geneticist in the UA 
College of Agriculture and Life Sciences (CALS). "Corn wasn't bred 
for the desert; it takes more water, and requires one more step in 

processing than if you use sweet sorghum -which won't work as 

well in Iowa. You use what's best adapted to your area." 
Over the past two years, Ray and his colleagues have grown 

and evaluated more than 50 lines of sweet sorghum at the Campus 
Agricultural Center in Tucson. They are determining the best 

characteristics to use in a breeding program, taking into account 
biomass, sugar content and type of sugar, time to maturity, 
susceptibility to lodging (tipping over) and other traits. 

The search for desirable traits also includes finding out how 
susceptible different sweet sorghum varieties are to insect damage 
and pathogens, and searching for strains that are resistant to 

infection. A planting date study will determine how many heat units 
sweet sorghum varieties need to reach maturity. Earlier maturing 
lines are more desirable because growers would be able to achieve 
their yields with less expense. The goal is to develop a strain of 
sweet sorghum that suits industry needs for a local biofuel feedstock 
in Arizona. 

"Petroleum is a finite resource," Ray says. "Having a renewable 
domestic source of fuel is a good thing. Most gasoline is already 10 

to 15 percent ethanol. Right now ethanol is expensive because it's 

a relatively small effort (compared to petroleum), but as it grows, 
the processing will become more efficient and the price will come 
down." 

Launched by Colin Kaltenbach, director of the Arizona Agricultural 
Experiment Station, the sweet sorghum project involves a large 

interdisciplinary team of UA scientists from CALS and from the 
College of Engineering- agronomists, agricultural and chemical 
engineers, animal scientists, geneticists -along with business and 

industry professionals. 
The team members are exploring every aspect of breeding, 

cultivating and processing sweet sorghum as a new crop for ethanol 
production, supported by experiment station seed money and 
grants secured for various aspects of the study. Ray's focus is on the 
genetics. 

"lt all starts with the plant material- taking sweet sorghum and 
changing it through selection and breeding to grow what yields best 
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in this environment," he says. "We're really just learning about the 
plant and how to change it to our best advantage." Ultimately, it 
comes down to ethanol yield per acre. 

"This is where the business people have to tell us how much 
yield they need for biomass and sugar," Ray says. "The sugar is in 
the stem and we can use that directly to change into ethanol. We 
squeeze the juice out and go from there." 

Consultant Mike Kazz, a professional chemical and 
environmental engineer for Zelen Environmental, is the project's 
lead contact with Pinal Energy, an ethanol plant in Maricopa, 
Arizona. He says the plant has been using corn railed in from other 
states, but would like to use locally produced feedstocks like sweet 
sorghum to save time and reduce transportation costs. 

"We estimate that the eight acres of UA -grown sweet sorghum 
grown in 2007 contained approximately 32,000 gallons of juice - 
that could represent 3,700 gallons of ethanol. Unfortunately, we 
were only able to ship Pinal Energy around 500 gallons of juice due 
to technical problems," Kazz says. 

"Next year we want to provide them with a substantial amount 
of sweet sorghum on a larger scale. We'd like the yield to be about 
5,000 gallons of juice per acre, which would convert to about 500 
gallons of ethanol per acre. lt all depends on how well our juicing 
and preservation operation goes." 

Kazz, who graduated from the UA in 1989 with a bachelor's 
degree in plant sciences and genetics, and later earned a graduate 
degree in agricultural and biosystems engineering, is working with 
the UA on the economic feasibility of producing sweet sorghum 
from a technology transfer standpoint. 

"We can really make a positive dent in our petroleum 
dependency, and offer a boost to the Arizona economy, with this 
crop," Kazz says. 

The engineering team is still developing the best mechanism 
for harvesting and processing the stalks to extract the maximum 
amount of juice. And to reduce waste by making sure all parts 
of the plant are used, UA animal scientist Glenn Duff has 
been evaluating the suitability of the leftover biomass -called 
"bagasse " -as a cattle feed additive. 

In response to concerns about sweet sorghum displacing food 
crops on agricultural land, Ray says the plant thrives in poorer soil 
than grain or vegetables and could be grown as a niche crop using 
wastewater. 

"We're looking at areas where agriculture is going out and we 
could add to rural development," he says. "This has potential 
sociological implications: the industry could be built around small 
processing plants, offering jobs and opportunities." As an added 
incentive, sweet sorghum prices have increased over the past few 
years. 

"lt gives growers an option for their crop mix," Ray suggests. "They 
could start off slowly, on a small scale, and see how it goes." * 

Contact 
Dennis Ray 
(520) 621 -7612 

dtrayc u.arizona.edu 

; 

Sweet sorghum stalks pass through rollers that crush out the juice (left and 
center). Consultant (and CALS alumnus) Mike Kazz stands in front of sweet 
sorghum. Plants grow 12 to 15 feet high. (right) 
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View of Vasey's Paradise. a Kanab ambersnail habitat along 

the Colorado River. 

By Joanne Littlefield 

When asked to consider the 
background of an endangered 
species, University of Arizona 

conservation biologist Melanie 
Culver dips into her research toolbox. 
Genetics is her tool of choice. 

"I'm happy to study anything from 
mollusks to carnivores," she says. 

Culver's laboratory, in the School 
of Natural Resources of the College 

of Agriculture and Life Sciences, has 

studied Florida panthers, black bears and 
most recently the tiny Kanab ambersnail. 

Culver is often more intrigued by the answers 
to genetic questions about the species or 

population than in the individual organism. 
Smaller than a thumbnail, the federally listed endangered 

Kanab ambersnail has had a big impact on the Colorado River. In the I days prior to the construction of the Glen Canyon Dam, seasonal flooding 
scoured sand from some downstream areas while building up beaches 
and sandbars in other places. Once the dam was completed in 1964, 

415112 

the absence of floods and the subsequent slower moving river water 
eventually led to drastic habitat changes. Much less sediment was found 

4 
in the canyon 30 years later, and wildlife, fish, plants and other organisms 
either adapted and survived or were put in jeopardy, according to Culver. 

Concern about the loss of beaches along the Colorado River led to a 

high -volume release of water in 1996 by the U.S. Bureau of Reclamation. 
"One precaution before doing that flood release was sending in a crew 

of people to hand -pick through the vegetation, gathering any of these little 
snails they could find and then moving them to higher ground," Culver 
says. 

The flood release was more successful than expected, with a significant 

V amount of sediment deposited on beaches and more backwater eddies 

le formed. Although the snails came through the water release just fine, 
a federal decision suspended further floods until definitive taxonomic 
work was completed for the snails. The goal was to determine the genetic 

Oconnection between the various populations of ambersnail that range 

ti%**. 
along the Kanab plateau through northern Arizona and southern Utah. 

ASResearchers 
from the University of Arizona, the University of California - 

Berkeley and the Utah State University collaborated on the subsequent 
study. As another partner on the project, the Arizona Game and Fish 

Department sent technicians out to pick up snails in the sedges and rushes. 

To get the most accurate picture, they wanted to collect as many as 30 
snails from each of the 12 different population groups. In the end, small 
tissue samples of between 20 and 30 individuals from each population 
were shipped to each of the three participating universities for study. 

;11114u 
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The research focused on ambersnail habitats in the northern half 
of Arizona and the southern half of Utah. Of particular concern was 
the population in an area called Vasey's Paradise, a spring located 
along the Colorado River in Grand Canyon National Park. There were 
two questions the researchers were hoping to answer. First, was the 
ambersnail on Kanab Creek the same as the one at Vasey's Paradise? 
Second, was either of those populations distinct from the rest of the 
ambersnails that occur along waterways all the way up to Canada? 

Previous morphological and genetic studies had indicated that that 
the Vasey's population was either "unique" or "not as unique." 

"It was a confusing story," Culver says. 
To clear up the conflict, a postdoctoral researcher in Culver's 

lab tested hundreds of potential nuclear DNA markers for the snail 
populations-by cloning and analyzing -to come up with a subset 
of four nuclear DNA markers. These were combined with two 
mitochondrial markers optimized at Utah State University. 

The conclusion? The Vasey's individuals are actually part of the 
larger non -endangered ambersnail population. This discovery has 
the potential to change the federal endangered status of the Kanab 
ambersnail and could also mean more big water releases from Glen 
Canyon Dam. 

Culver's team saw gene flow occurring between more ambersnail 
populations than was expected, although at low levels gene flow was 
detected among many of the populations regardless of how far apart 
the populations were. 

But it's not just river water releases that concern Culver and other 
conservation biologists. They are also curious about how highways 
and buildings pose barriers that many wildlife species are unable to 
overcome. In addition to bisecting portions of land, new roads and 
subdivisions are also dividing wildlife populations and preventing them 
from intermingling. 

"If you create lots of small populations that no longer can exchange 
genes with other populations, you have a high likelihood of starting to 
see inbreeding and a decline in health," Culver says. 

Gene flow is a way of looking at the connectedness among 
populations, she explains. What's required for gene flow is an 
individual from one population migrating to a second population and 
successfully reproducing the two mate and drop offspring that survive. 
"That's what you're detecting: the genes seen in the offspring that 
are now members of a new population." 

"If we're calling something a population we're 
assuming that mating goes on randomly among all the 
members. But if you've got a highway in the middle 
of their habitat, can members on one side of that 
highway mate with individuals on the other 
side? Or have you effectively created two 
populations from one population? 

To find out if populations are 
connected, researchers usually look at 
one type of gene to find all 

the variants of that gene (called alleles) and determine the frequency 
for each variant. Then they do the same in a separate population. If 
both populations have the same frequencies for all alleles, often the 
assumption is that the two populations are connected, Culver says. If 
there are very different frequencies in the two different populations, the 
conclusion is that there is no gene flow. 

"In our study we did see some connections among snail 
populations," Culver says. "They were not necessarily even from the 
same drainage." 

By looking for evidence of historic population bottlenecks (an 
abrupt and severe reduction in the number of individuals during the 
history of a species, often the consequence of a catastrophic event) 
along the upper Colorado River, the research team estimated what the 
ambersnail population might have looked like in the days prior to the 
damming of the river. 

"We could actually relate evidence of historic bottlenecks to the 
idea that prior to the dam this population did experience floods (and 
potential bottlenecks) every year in the spring, so we think maybe 
that flood regime actually shaped the genetic character of the Vasey's 
population." 

Because the Kanab ambersnail belongs to the larger group and 
is not an endangered species, this might mean that occasional high 
water releases will resume in the Grand Canyon, so that hikers and 
river runners as well as fish and wildlife will encounter a shift in 
the habitat characteristics of the popular Grand Canyon and upper 
Colorado River. * 

Contact 
Melanie Culver 
mculver@email.arizona.edu 
(520) 626 -3775 

Smaller than a thumbnail, the federally 
listed endangered Kanab ambersnail has 
had a big impact on the Colorado River. 
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The 
i P I a n t Collaborative 
Taking plant biology into cyberspace 
By Janni Simner and Susan McGinley 

Richard Jorgensen, lead investigator and director of the iPlant Collaborative, surrounded by petunias used in gene expression studies. 

The National Science Foundation (NSF) has awarded a 

University of Arizona led team $50 million to create a global 
center and computer cyberinfrastructure to answer plant 

biology's grand challenge questions, which no single research entity 
in the world currently has the capacity to address. 

The project will unite plant scientists, computer scientists and 
information scientists from around the world for the first time to 
provide answers to questions of global importance and to advance 
knowledge in all of these fields. 

Dubbed the iPlant Collaborative, the five -year project is 

potentially renewable for a second five years for a total of $100 
million. 

"This global center is going to change the way we do science," 
says UA plant sciences professor and B1O5 Institute member 
Richard Jorgensen, who is the lead investigator and director of 
the iPlant Collaborative. "We're bringing many different types 
of scientists together who rarely had opportunities to talk to one 
another before (see sidebar). In so doing, we'll create the kind 
of multidisciplinary environment that is necessary to crack the 
toughest problems in modern biology." 

These problems, called "grand challenges," go beyond regular 
scientific investigations because solving them requires huge 
increases in knowledge, along with major advances in technical 
capability. 

Categories of grand challenges that the community might 
choose to focus on include, but are not limited to, questions 
such as how plants grow from a single cell into complex, multi - 
cellular organisms; how and to what extent plants can adapt to 

environmental changes; how plants have evolved in the past and 
their potential to evolve in the future; and how plants live together 
with other organisms in ecosystems. 

iPlant's team of plant biologists, computer scientists, information 
scientists, mathematicians and social scientists will set about 
building a "Discovery Environment " -a cyberinfrastructure-to 
answer those questions in partnership with the community's grand 
challenge teams. 

The iPlant center will be located in and administered through 
the UA's BIOS Institute in Tucson. B1O5 was founded to encourage 
collaboration across scientific disciplines, accelerate the pace of 
scientific discovery and develop innovative solutions to society's 
most complex biological problems. The iPlant Collaborative will 
create both a physical center and a virtual computing space where 
researchers can communicate and work together as they share, 
analyze and manipulate data, all while seeking answers to plant 
biology's greatest unsolved mysteries. 

Solving grand challenges in plant biology is crucial, Jorgensen 
says, because plants affect every aspect of our lives. 

"Everything's connected," he explains. "As our climate 
changes and our environment changes we need to have a deep 
understanding of the biology of plants from the molecular to the 
ecosystem level in order to understand and mitigate the problems 
that will arise to adapt as best we can and to focus our efforts on 
saving the organisms and ecosystems that are most important to 
save." 

The collaborative is designed so that any research team from 
any consortium of institutions or disciplines can propose a grand 
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challenge question. 'Plant will facilitate 
the identification of such questions by 
the plant biology community (two to 
four the first year) and develop the 'Plant 
cyberinfrastructure to help scientists answer 
those questions. 

Their approach will rely heavily on 
computational thinking, a form of problem - 
solving that assigns computers the jobs 
they're most efficient at, and in doing so 
frees up humans to spend more time on 
the creative tasks that humans do best. The 
'Plant cyberinfrastructure will serve as a 

model for solving problems in fields outside 
of plant biology, too. 

One feature of 'Plant that will be 
developed is the ability to map the full 
expanse of plant biology research in much 
the way that Google Earth physically 
maps our planet through a series of zoom 
features. Users of 'Plant may one day be 
able to zoom in and out among various 
levels of plant biology, from individual cells 
and molecules to entire organisms and 
ecosystems. 

For example, a researcher might zoom 
in to analyze the carbon fixed, oxygen 
produced and water utilized by individual 
leaves, then zoom out to analyze how all 
of these might affect large -scale changes 
in ecosystems and how that could in turn 
affect air quality and climate. 

Because collaboration among 
disciplines is central to iPlant's mission, the 
cyberinfrastructure also will have a strong 
social networking component (similar to 
Facebook), for facilitating communication 
among researchers from different fields 
as they work and for researching the 
effectiveness of social networking in 
'Plant and in the plant and computer and 
information sciences generally. 

All 'Plant projects will include a full 
range of school curriculum components as 

well, which are co- funded by NSF, B1O5 

and Science Foundation Arizona. Students, 
teachers and the public will have access 

to iPlant's resources and data, as well 
as to educational tools designed to help 
them understand that data and develop 
inquiry -based learning modules for K -12, 
undergraduate and graduate science 
education. 

"The learning activities that will evolve 
from the 'Plant collaborative will bring the 
challenges of real -world problem -solving 
and discovery to the classroom for both 
students and teachers. Science Foundation 
Arizona's investment will ensure that 
Arizona students are engaged from day 
one," says William C. Harris, president and 
CEO of Science Foundation Arizona. 

BIO5 Director Vicki Chandler, also a 

lead investigator, explains, "Because of 
the Internet and cyberinfrastructure, this 
is the first time in the history of science 
that everyone can access the same data 
at the same time using the same tools as 

the researchers generating that data. The 
exciting challenge is to produce tools that 
students and teachers can readily access." 

Each proposed grand challenge question 
will have practical applications and 
societal implications. For a field like plant 
biology, those implications are many and 
far -reaching. "Human existence on this 
planet is absolutely dependent on plants," 
Chandler says. "Our houses, our food, our 
atmosphere - everything about the quality 
of human life depends on plants." * 

Contact 

% lantCollaborative \/ Fmevwrrnv nwrr nlan. A.nl... 

Institutions working with the 
UA's B105 Institute on the iPlant 
Collaborative include Cold Spring 
Harbor Laboratory (CSHL) in New 
York, Arizona State University, the 
University of North Carolina at 
Wilmington and Purdue University. 
The project's board of directors will 
be chaired by Robert Last, from 
Michigan State University. 

About 79 percent of the $50 million 
grant -the largest NSF grant in 

Arizona history-will stay at the UA, 
with CSHL receiving approximately 
16 percent, ASU four percent, and 
UNCW and Purdue a combined one 
percent. 

UA participants in the 'Plant 
Collaborative include BI05; the 
College of Agriculture and Life 
Sciences' Department of Plant 
Sciences; the College of Science's 
Departments of Computer Science, 
Mathematics, and Ecology and 
Evolutionary Biology; the Eller 
College of Management's Department 
of Management Information Systems; 
the College of Engineering's 
Department of Electrical and 
Computer Engineering; the Arizona 
Research Lab's Biotechnology 
Computing Facility; and University 
Information Technology Services. 

'Plant Collaborative 
http : / /www.iplantcollaborative.org / 

Richard Jorgensen 
(520) 626 -9216 

raj@ag.arizona.edu 

Vicki Chandler 
(520) 626 -4272 

chandler@ag.arizona.edu 
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College of Agriculture and life Sciences 
2001 Research Awards 

By Colin Kaltenbach 

2007 Research Faculty of the Year 
This award recognizes and honors outstanding achievements and contributions in research. 

Raina Maier, Professor 
Department of Soil, Water and Environmental Science 

Raina Maier joined the Department of Soil, Water and Environmental Science (SWES) in 
1991. As a senior faculty member in the area of environmental microbiology, she provides 
leadership and vision for this program area in SWES, CALS and the UA, and among 
her peers at the national and international level. Her work addresses a critical area in 
environmental biology. 

Maier's research focuses on two main themes. The first is the study of microbially 
produced surfactants called biosurfactants. Maier is an internationally recognized expert in 
this field. She has explored the use of these compounds for applications in biotechnology, 
industry and medicine, and holds a patent for the use of biosurfactants in greenhouse 
environments. Maier's second research theme explores the activity and function of 
microorganisms in stressed and nutrient -poor environments such as mine tailing sites, and 
cave and desert environments. Her work in this area led to the discovery of microbial life in 
the Atacama Desert of Chile, an environment previously thought to be devoid of life. 

In addition to her research, Maier serves as associate director of the UA's Superfund 
Basic Research Program, which includes five facility cores, nine research projects and 70 
investigators across 10 UA colleges. 

Maier generates and manages a very creative research environment in her lab 
that provides an atmosphere conducive to outstanding scholarship and productivity, 
incorporating other faculty, students and staff so that all can benefit from the collective 
process. She also has a genuine commitment to education at all levels, and is an 
exceptional classroom teacher and mentor. 

2007 Outstanding Staff in Research 
This award recognizes staff whose service has contributed significantly to the support of research in CALS. 

Chris Zou, Senior Research Specialist 
School of Natural Resources 

Since joining the School of Natural Resources (SNR), Chris Zou has been an outstanding 
contributor not only within the lab group, but also within SNR. He coordinates ongoing 
research, Web site development, mentoring of graduate and undergraduate students, 
tracking purchases and budgets, and coordinating lab safety. - 

Zou's contributions played a critical role in the School's pursuit of designation of the UA 
as a research site within the National Ecological Observatory Network (NEON), resulting 
in the Santa Rita Experiment Station becoming the main site in the Southwest region. In 
addition, Zou has also been involved in the preparation of every proposal his lab group has 
submitted. He is always a pleasure to be around, he rises to every challenge, and he excels 
in his position in every respect. 
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Yuma 
Agricultural 
Center 

The Glen G. Curtis Research Building 
Yuma Agricultural Center's newest facility 
By Ann Stevens 

These days, the sound of drills 
and clouds of dust fill the air at 
the Yuma Agricultural Center 
(YAC). There's also a lot of 

excitement as the new Glen G. Curtis 
Research Building nears completion. 

After decades of operating in 1950s -era 
buildings and trailers, CALS' world -class 
researchers and staff have a new home. 
The Curtis Building's 20,000 square feet 
will offer state -of- the -art laboratories, a 

multi -media conference room and office 
space in a single location for all Yuma 
faculty. This much -anticipated building 
will be ready for occupancy in fall 2008. 

Given the challenges facing agriculture 
today, this new facility is more important 
than ever. Newspaper headlines report 
the latest food safety recall, farm labor 
shortages, ever -rising fuel and fertilizer 
costs, water shortages and pesticide 
pollution. Nationally recognized Curtis 
Building researchers tackle these crises 
every day, working hard to provide 
science -based solutions for the agricultural 
industry. 

"The new building means we can serve 
agriculture even better" according to 
YAC Director Charles Sanchez. "We've 
always seen ourselves as partners with 
growers, shippers, and even consumers. 

Contact 

This modern facility will allow us to do 
even more to keep food safe, to protect 
our natural environment and to insure 
sustainability and competitiveness of 
agriculture in Arizona." 

Regional agriculture is working together 
to help make the Glen G. Curtis Research 
Building possible. The Curtis family made 
the lead gift to honor patriarch Glen 
Curtis, Yuma's well -known and respected 
grower, businessman and philanthropist. 
His son Rocky Curtis and industry leader 
Robby Barkley continue to volunteer their 
time to help raise the balance of the funds 
needed for building completion. They are 
joined in their fundraising efforts by other 
notable local agribusiness owners. 

Fund board member Gary Pasquinelli 
notes, "If you're part of the industry, you 
really have to support the Curtis Building. 
It's a sound investment in our economic 
prosperity." 

More than half of the group's goal of $2 
million has already been raised. 

"These are challenging economic times, 
but we need the Curtis Building research 
to survive, and even thrive in decades to 
come," says Barkley. "With the help of 
CALS alumni and the agriculture industry, 
we're confident that we can raise the 
money." 

Ann Stevens 
CALS Development and Alumni Office 

(520) 621 -7883 

astevens@cals.arizona.edu 

The Yuma Agricultural Center 

The Yuma Agricultural Center (YAC) 
has two sites: a Valley farm four miles 
west of Yuma and a Mesa Farm four 
miles south of the city. The 274 -acre 
Valley Farm has a diversified range of 
crops, including cotton, small grains, and 
such vegetables as lettuce and broccoli. 
The 240 -acre Mesa Farm is focused on 

citrus production. Both farms have office, 
laboratory, and greenhouse facilities. 

Many YAC programs support the high 
value vegetable and citrus industries 
in the lower Colorado River region. 
Research and outreach programs cover 
plant physiology, plant biochemistry, crop 
production, insect biology and control, 
disease biology and control. weed 
ecology. soil and water management, 
fate and transport of environmental 
contaminants, food safety, and 
agricultural mechanization. 

The center's staff includes faculty 
from four academic departments in 

the UA College of Agriculture and Life 
Sciences -Plant Sciences. Entomology, 
Soil, Water, and Environmental Sciences, 
and Agricultural and Biosystems 
Engineering -along with research 
specialists and post -doctoral research 
associates, farm support and clerical 
support. 

Faculty members contribute to a 

local teaching program offered through 
the University of Arizona -Yuma in 

cooperation with Arizona Western 
College and Northern Arizona University. 
Degree programs in Agricultural Systems 
Management and Crop Production can 
be initiated locally. 

28 The University of Arizona - College of Agriculture and Life Sciences 



Arizona Agricultural Experiment Station 

Sponsored 
$47.0 million (63.1 %) 

Total Research Funding 
Fiscal Year 2006 -2007 

($74.5 million) 

Sponsored Sources 
Fiscal Year 2006 -2007 

($47.0 million) 

Foundations /Educational Institutions 
$2.05 million (4.4 %) 

State 
$2.26 million (4.8 %) 

Counties /Cities 
$2.17 million (4.6 %) 

Industry 
$3.5 million (7.5 %) 

Miscellaneous 
$1.94 million (4.1 %) 

State 
$25.2 million (33.8 %) 

Federal Appropriated 
$2.3 million (3.1%) 

Federal Government 
$35.02 million (74.6 %) 



The University of Arizona 
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