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Letter 
from the 

Director 

It is a pleasure to write this note as part of our annual effort to provide readers with an interest- 
ing summary of some of the extensive research activities in the College. 

We strive constantly to improve our facilities. The following article about our newest green- 
house complex, uniquely placed on top of a campus parking structure, highlights an effort in 
this regard as does the article on the completely remodeled Herring Hall, the second oldest 
building on campus, which fittingly houses our extensive Herbarium collection of plants and 
fungi. The new University BIO5 program will greatly facilitate our campus -wide effort to 
integrate research programs in agriculture, science and medicine. 

We have included articles on a variety of our programs that vary from fundamental to applied 
research and from production agriculture to natural resources and the environment. We also 
included an economic study that confirms the importance of agriculture in our state's economy. 
Hopefully everyone will find an article of interest. 

I wish to thank our hard -working faculty who created the information and our excellent publi- 
cations staff who developed this report. 

Please write or call if you have questions or need additional information. 

Colin Kaltenbach 
Vice Dean and Director 
520 -621 -7201 
kltnbch @ag.arizona.edu 
cals.arizona.edu 
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Temperature 
Makes the Differen ce 

Improving 
tomato seedling 
survival during 

transport 

By Susan McGinley /lUf tomato LIUSS 

at left. 

Every year millions of grafted seedling tomato plants are 
loaded into refrigerated trucks and shipped to green- 
houses in Arizona, Texas and other states. Grafted seed- 

lings combine high -producing tomato varieties with disease - 
resistant rootstocks. Although the demand is high, the pro- 
duction of these high quality transplants is not yet widespread 
in the United States. Rather, greenhouse producers purchase 
them from specialty propagators in Canada. 

The drawback is that the stress of the long -haul trip can weaken 
the plants and cause them to yield poorly after they are trans- 
planted into hydroponic systems (where plants are grown in 
nutrient solutions). Their maturity may be delayed, affecting the 
size and number of fruit produced. Not only has the production 
of high quality transplants become a critical technology that sup- 
ports the success of the final crop, the way they are transported 
makes a difference as well. 

Two researchers at the UA's Controlled Environment Agricul- 
ture Center (CEAC) in Tucson are working with a Canadian trans- 
plant propagator and an Arizona greenhouse producer to learn 
more about how to reduce the failure rate in transporting tomato 
seedlings over long distances. Although these grafted transplants, 
which cost $1.00 to $1.50 per plant, are considerably more expen- 
sive than the bare -root seedlings typically used for field -grown 
tomatoes, the researchers say not much information is available 
on the best conditions for transporting them. The Arizona De- 
partment of Agriculture has funded the research. 

"The goal was to understand how to optimize transportation 
conditions," says Chieri Kubota, associate professor of plant sci- 
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ences. "We wanted to minimize or eliminate the negative impact 
of transportation on the transplants and thereby on the early 
yield." Kubota and research specialist Mark Kroggel would even- 
tually discover that the temperature in the trucks can make a big 
difference in the survival and health of the seedlings. 

The scientists began collecting information in 2003 from the 
Canadian propagator, Bevo Farms, Ltd. in Milner, British Colum- 
bia, and from the greenhouse operation Eurofresh Farms, Inc., in 
Willcox, Arizona. Eurofresh is the largest producer of greenhouse 
tomatoes in the United States. 

"The first time I visited Eurofresh was when I was interview- 
ing for this job and the grower mentioned the seedlings were not 
doing well," Kubota recalls. "I thought it might be related to trans- 
portation." The Eurofresh growers had observed that the stresses 
of long distance transportation, greenhouse planting conditions 
and the timing of flower development could all directly cause 
flower drop or abnormal fruit development on the first truss of 
the plant. The truss is the section where the fruit sets after the 
flowers bloom. 

"The first truss generally produces the highest yield of toma- 
toes, compared to subsequent trusses," Kubota says. "Shorten- 
ing the duration from transplanting to the first truss harvest is 
crucial to assure high annual yield of greenhouse tomatoes." Not 
only is it important to get the transplant into the growing me- 
dium as quickly as possible, it's also critical to make sure the 
transplant hasn't already been delayed in development before 
it's even unloaded from the trailer. Significant yield delays and 
losses result in part because the mechanisms that cause flower 
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drop and abnormal fruit development 
during long distance transportation are not 
well understood, according to Kubota. 

To get some baseline data, Kubota and 
Kroggel shipped temperature, humidity 
and light sensors to Bevo Farms, which 
were put inside trailers full of transplants 
(14,500 per truck; three to four trucks per 
delivery) on several runs from B.C. to 
Willcox, a 3,000 km. run (1900 miles). The 
condition of the seedlings was checked on 
arrival and after transplanting. On campus, 
simulation experiments were set up in 
growth chambers to examine combina- 
tions of air temperature and light intensity 
that could occur during transportation. 

Over a four -day period, the researchers 
placed "Durinta" tomato seedlings with 
visible flower buds under various air tem- 
peratures -6 °Celsius, 12 °C, or the con- 
ventional transportation temperature of 
18 °C (or 43, 54 and 64 °Farenheit). They also 
varied the light intensity, including con- 
ventional darkness or dim light, to simu- 
late transportation conditions. Plants were 
evaluated for visual quality, photosyn- 
thetic capacity, growth and ultimately fruit 
yield. 

"We found that lower temperatures and 
illumination significantly maintained vi- 
sual quality and photosynthetic capacity 
of the seedlings, "Kubota says. The simu- 
lated transport at 6 °C under light initially 
showed the best transportability without 
negative impact for the four -day simulated 
transportation, but later trials resulted in 

chilling damage. Holding the seedlings at 
10 °C seemed to create a problem with 
pathogen growth, so this temperature was 
not recommended either. Seedlings held 
at 12 °C under light and in darkness 
showed satisfactory transportability. 

But seedlings at 18 °C, the current stan- 
dard transportation temperature, showed 
serious quality deterioration of seedlings, 
delay in early growth and development, 
loss of flower buds on the first truss, and 
yield reduction. This agrees with the fact 
that conventional transportation is cur- 
rently limited to three days. The delay in 
maturity was estimated to be one week. 

Based on these results, Eurofresh con- 
ducted a two -level temperature trial on 
actual two -day deliveries from B.C. to 
Arizona. Temperature sensors were 
placed among the seedlings during load- 
ing in Canada and collected at the site of 
unloading in Arizona. Temperature set- 
tings of 12 °C and 18 °C were tested inside 
different trailers, and an immediate analy- 
sis of the transplant quality and early fruit 
development was conducted by the CEAC 
researchers upon arrival. The seedlings 
were immediately interplanted between 
rows of mature plants inside the green- 
houses, a conventional practice in a con- 
tinuous truss, high -wire tomato system. 
These seedlings were monitored through 
maturation by Kubota and Kroggel. 

The results show that lowering air tem- 
perature to 12 -14 °C from the conventional 
18 °C for transplants during transportation 

Damian Solomon, industry research collaborator 
tomato transplants from Canada. 

at Eurofresh Farms, inspects recent delivery of 

significantly improved the development 
of flower and fruits of the first truss. 

"It was so obvious," Kubota says. "Two 
weeks after transplanting we visited the 
greenhouse to evaluate the truss develop- 
ment of the plants. On the ones held at 
18 °C, more than 95 percent of the plants 
were showing an abnormal truss - either 
the flowers had aborted or there was de- 
layed development of fruits. Of those we 
saw that were transported at 12 °C, most 
had beautiful, perfect trusses with no ab- 
normal development. About 33 percent 
still showed some damage, but that was 
still a 65 percent reduction from the dam- 
age shown in the seedlings transported at 
18 °C." 

The researchers concluded that trans- 
portation at 18 °C created a significant re- 
duction and delay of the first truss yield 
and thus would significantly reduce the 
annual yield. Temperatures of 12 -14 °C 
were recommended inside the trailers. 

By adopting this strategy, Kubota says 
the profit to the largest Arizona green- 
house operation, by improving the trans- 
port conditions for transplants and 
thereby assuring normal first truss devel- 
opment without causing delay, is roughly 
estimated as a half million dollars per 
operation, or $3,100 per acre of greenhouse 
per year. 

There is also a significant potential ben- 
efit for transplant propagators who could 
extend the transportable distance and 
therefore the market by improving the 
transportability of their seedlings. 

"All grafted seedlings used at Eurofresh 
Farms are now transported at a lower tem- 
perature than they used to be," says 
Damian Solomon, Eurofresh industry re- 
search collaborator. "Also, propagators 
pay more attention to the seedling qual- 
ity during transportation. With these im- 
provements, it seems that we almost elimi- 
nated the problem." 

CONTACT 

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

Controlled Environment Agriculture Center 
cals.arizona.edu /ceac/ 
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mINEW 
FACILITIES 6t'1 St. Greenhouses Expand Research Capability 

By Susan McGinley 

New greenhouse complex features advanced electronic 
controls and room to grow. 

The College of Agriculture and Life Sciences has a new set of 
greenhouses on campus. Featuring enhanced natural lighting, 
advanced capability in electronic controls and customized green- 
house design, the greenhouse complex offers faculty and staff a 
more controlled space for conducting research in plant sciences, 
plant pathology, entomology, and for cooperative projects in phar- 
macology and other disciplines. 

The facilities are designed to exceed guidelines for containment 
of plant pathogens such as bacteria, fungi and viruses. Irrigation 
water is collected into a central holding tank where it is treated 
before being released. All plant material and potting soil is steam 
sterilized to prevent the unintended release of plant material and 
pathogens. To further protect the research and the environment, 
each greenhouse area can be accessed separately. 

The facility was completed in September 2004 to replace other 
greenhouses that were removed to provide space for a College of 
Sciences chemistry building expansion. The university's space 
constraints in the center of the UA campus do not allow for single 
story buildings. Constructed on top of the UA's 6th Street Parking 

Garage, it has the advantage of receiving unobstructed sunlight 
year round. 

"The new location is fantastic because no one can interfere with 
our sunlight," says Randy Ryan, assistant director of the Arizona 
Agricultural Experiment Station. "The new complex is not sand- 
wiched between two tall buildings that cast shadows, as the pre- 
vious greenhouses were." 

Eight greenhouse units are fully operational, and an additional 
22 modules will be constructed as funding allows. The green- 
houses currently support a variety of research programs in ge- 
netics, molecular biology, plant pathology, virology, entomology, 
research for active plant compounds, and other projects. 

The 34,000 square -foot complex includes research space, lab 
benches for potting and processing plants, headhouses, storage 
space, bathrooms, showers, lockers, office space for the staff. 
Along with the additional greenhouse modules, plans also in- 
clude growth chambers and grow- rooms. 

"The computer system is designed to check each module and 
to issue a warning if there are changes in the system," Ryan says. 
The entire system is supported by a backup generator in case of 
power outages. 

"With this facility, we can support our outstanding plant sci- 
ence program and literally grow millions of plants a year," Ryan 
says. 

CONTACT 

Randy Ryan 
(520) 621 -1845 
rryan @ag.arizona.edu 

Institute for Biomedical Science and Biotechnology Becomes B105 
By LIA News Services 

BIOS 
The University of 

Arizona's three -year -old 
collaborative bioresearch in- 
stitute, previously called the 
Institute for Biomedical Sci- 

ence and Biotechnology (IBSB), changed its name to the BI05 
Institute in September, 2004. 

"BIO5 is a great name that encompasses the energy, vision and 
the collaborative nature of the Institute," said Director Vicki Chan- 
dler. 

"We needed a name that is easy to remember and one that con- 
veys what we are doing with the institute. I think BI05 does that," 
she says. "21st Century biology is all about collaboration, about 
teamwork." 

"We hope our new name better describes an essential quality 
of the Institute, as a strong promoter of collaborative bioscience 
and as a strong partner with others engaged in developing a new 
economy for the state of Arizona." 

She says BIO5's interdisciplinary teams will take on some of 
the most complex biological problems. The "5" in the name rep- 
resents the major disciplines within the institute: agriculture, 
medicine, pharmacy, basic science and engineering. 

4 The University of Arizona College 

Chandler is refining BIO5's research focus. Current initiatives 
include agricultural biotechnology, respiratory immunobiology, 
quantitative biology and a chemical screening facility for drug 
discovery. 

Selection criteria for additional BI05 research programs will 
include the research's potential to contribute to continued devel- 
opment of a strong biosciences industry. "BIO5 was built to ben- 
efit the economy, to help boost bio industry" said Chandler. "It is 
a founding mandate of the institute." 

A new building is under construction that will bring together 
dozens of researchers and programs from across campus, all 
working together to advance the molecular life sciences. The fa- 
cility includes laboratory and office space for a number of differ- 
ent research groups and core technology laboratories. Most im- 
portantly, the building will provide an environment conducive 
to interdisciplinary research and collaboration among experts 
from a variety of disciplines. . 

CONTACT 

Vicki L. Chandler 
(520) 626 -8725 
chandler @ag.arizona.edu 
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This unnamed species, recently discovered in Santa Cruz 
County by Steve McLaughlin, is currently being described. 

Archiving 
Ecosystems 

The University 
of 

Arizona Campus 
Herbarium 

By Susan McGinley 

lants pressed to paper -that's the simple, yet powerful con 
cept of an herbarium. Plants collected from the field are 
mounted on loose sheets of archival paper, then catalogued 

and stored -a museum for plants. Each sample includes any parts 
of the plant that are necessary to positively identify it: flowers, 
fruits, leaves, stems, roots, cones or seeds. 

Rich in ecological information, an herbarium collection records 
the identity and distribution of plants in a geographic location at 
a precise time, making it ideal for practical, applied research in 
plant taxonomy, ecology, conservation biology, anthropology, 
natural resources, biogeography and even pharmacology. 

With more than 440,000 specimens, the University of Arizona 
Campus Herbarium contains the largest collection of plants in 
the world from the southwestern United States and northwest- 
ern Mexico. It also is the largest collection in Arizona; the other 
major herbaria in the state are at Arizona State University, North- 
ern Arizona University, and the Desert Botanical Garden in Phoe- 
nix. One third of the specimens are from Arizona, another third 
are from Mexico, and the last third are from all over the world. 

Two main collections comprise the herbarium. The 400,000 - 
specimen vascular plant group includes plants containing ves- 
sels for transporting water and nutrients, such as ferns, conifers, 
and all flowering plants, which include trees, shrubs, grasses, 
wild forbs, annuals and perennials, along with crop plants such 
as cotton and alfalfa. The Gilbertson Mycological Herbarium in- 
cludes more than 40,000 examples of fungi, including rusts and 
other major plant pathogens, wood -decay fungi, edible and poi- 
sonous mushrooms, and beneficial fungi that assist plants in nu- 
trient uptake and defense against disease. 

Between 2,000 and 2,500 people visit the Campus Herbarium 
annually, including students, associated scientists, and the gen- 
eral public. Every year herbarium faculty and staff provide thou- 
sands of identifications of plants and fungi for county agents, 
researchers, ranchers, farmers, and many state residents. 

The herbarium is managed by the Department of Plant Sci- 
ences in the College of Agriculture and Life Sciences. The current 
staff includes Steven McLaughlin, curator of the vascular her- 
barium; Betsy Arnold, curator of the mycology (fungal) her- 
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barium; Charles Mason, curator emeritus; 
Phil Jenkins, correspondent and senior 
assistant curator; Edward Gilbert, assis- 
tant curator /database specialist; Robert 
Gilbertson, curator emeritus of the mycol- 
ogy collection; and several graduate and 
undergraduate students and resident re- 
searchers. 

The 114 -year -old Campus Herbarium 
actually predates the building that cur- 
rently houses it, and the opening of the 
University of Arizona itself. Yet it's young 
compared to some of the world's oldest 
herbaria, which date back to the 16th cen- 
tury at universities in Italy, Switzerland, 
England and Germany. 

The UA's first botanist, James W. 
Tourney, started collecting plants in the 
field when he arrived in 1890 and found 
out the classrooms weren't ready yet. By 
the time classrooms were opened in Old 
Main in 1891, his new herbarium already 
had 700 specimens in Old Main that were 
later moved to the Forbes building. 

Mason, who later served as curator for 
36 years, moved the collection to the base- 
ment of Shantz in 1962. He served as cu- 
rator until 1992, when Lucinda McDade 
took over. McDade upgraded the her- 
barium facilities, including adding com- 
pactor systems and processing a large ac- 
cumulated backload of specimens. Steven 
McLaughlin, the current curator, suc- 
ceeded McDade in 2000, focusing his ef- 
forts on the design and transfer of the her- 
barium to the newly renovated Herring 
Hall, where it reopened in September 
2004. 

Originally designed and built as the 
Men's Gymnasium in 1903, the Roman 
Revival building proved to be flexible 
enough over the next 100 years to house 
in succession the Women's Physical Edu- 
cation program, the Theatre Arts depart- 
ment, the School of Journalism and the 
Radio /TV Bureau, the Landscape Archi- 
tecture program, graduate work in the 
College of Agriculture and Life Sciences, 
and now, the Campus Herbarium and the 
Campus Arboretum. 

"The great thing about moving over 
here is the room to expand not only the 
collection but also the work space," 
McLaughlin says. He first worked at the 
herbarium as a student in 1973 and has 
used it for the past 30 years as a researcher. 
"Many times in Shantz there would be no 
place to work," he says. "When people are 
identifying their plants they spread out the 
collections and take up a lot of space." 
Arnold agrees. 

"The mezzanine level, where the fungi 
are housed, provides one of the best work- 
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Phil Jenkins and Ed Gilbert examine a plant specimen in front of open specimen cabinet. 
Mounted specimens are stored on separate shelves. 

ing environments among mycological 
herbaria in the country" 

The inviting open arrangement on Her- 
ring Hall's entrance floor includes several 
long tables with dissecting microscopes 
and plenty of light flooding through the 
tall windows on both sides of the build- 
ing. Upstairs, compound microscopes and 
a small culturing facility provide tools 
needed for studying and using the fungal 
collection. In addition, the Campus Arbo- 
retum headquarters are located just inside 
the front door. Visitors coming to identify 
plants they have brought can learn about 
the arboretum, and arboretum visitors can 
learn about the herbarium. 

The mycological collection was com- 
bined with the vascular plants until 1945, 
reflecting the traditional study of fungi by 
botanists, even though fungi represent a 
unique branch of life. Professors Paul 
Keener, Robert Gilbertson and George 
Cummins made major contributions, 
building an outstanding collection repre- 
senting all major groups of fungi. By early 
2004 the collection included more than 
40,000 accessions, the majority collected 
by Gilbertson and his students. 

Arnold has recently added more than 
8,000 new accessions of little -known fungi 
that are benficial to plants, and is enthusi- 
astic about the future of the collection. 

"This collection represents not only an 
outstanding resource for identifying 
fungi and understanding fungal ecol- 
ogy, but also a trove of diversity for re- 
search in molecular biology and 
genomics," she says. 

All fungi and plant specimens are stored 
in cabinets. Most are mounted on sheets, 
although thick stems of plants like cacti 
and pine cones may be stored in boxes or 
bags. Envelopes containing seeds, flow- 
ers and other plant parts are attached to 
the mounted pages next to the plants. 
Fungi are typically in boxes of all sizes, 
their delicate structures carefully pro- 
tected to preserve their three -dimensional 
forms. Each plant or fungus is labeled with 
its species and common name, the loca- 
tion and elevation where it was found, the 
date it was collected, and the name of the 
person who collected it. 

Jenkins began working at the herbarium 
in 1992. He works as a collections man- 
ager, preparing specimens, arranging the 
collection, cataloguing, and handling 
loans. He also draws scientific illustrations 
of new species. 

"It has amazed me in my time here how 
many people begin not knowing what an 
herbarium is and then find themselves 
needing one," Jenkins says. "There is al- 
most nothing we do that doesn't involve 
plants. Our food, clothes, plastic, gasoline 
and oxygen are some of the examples of 
how we use plants." 

Along with the plants and fungi, the 
Campus Herbarium maintains a fine col- 
lection of documents-books, articles and 
reports -on plant taxonomy, uses of 
plants, fungal biology, and desert ecology. 

"We also have the Shantz collection of 
historic photographs," McLaughlin says. 
Shantz, a former dean of the College of 
Agriculture, took high quality outdoor 
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photographs that serve as references to- 
day. "Several researchers go out and take 
other photos and compare them with the 
Shantz pictures to learn how much the 
landscape has changed." 

The UA Campus Herbarium is unique 
in that it is one of the few associated with 
a land -grant institution. Most are con- 
nected with botanical gardens or non- 
land -grant colleges and universities, and 
don't have the land -grant mission of serv- 
ing the state by sharing information. Un- 
like other herbaria that may require 
badges, the UA Campus Herbarium has 
an open door policy. 

"We encourage agencies -land man- 
agement, federal, state, and even private 
consultants to come in with any plant 
identification problem they have," 
McLaughlin says. "We work closely with 
the poison control center in the state. Phil 
Jenkins has even looked at samples from 
the stomachs of people, cows and horses 
that have been poisoned. We are an im- 
portant resource for these agencies." 

The herbarium collection expands ac- 
cording to current areas of interest. For 
example, McLaughlin is studying and 
documenting every species of plant that 
grows in Arizona's most recent state 
parks: Sonora Creek State Natural Area 
near Patagonia Lake and San Rafael State 
Park on the Mexican border near Lochiel. 
Members of the National Park Service are 
currently collecting specimens for their 
collection in the herbarium. When the 
flora of an entire area are mapped, voucher 
specimens are gathered to verify that the 

species listed are actually in the collection. 
Recent floras include those for the Rio 
Mayo, Tucson Mountains, Sawtooth 
Mountains, Roskruge Mountains, and 
Santa Cruz River, west branch. Herbarium 
work involves a lot of hiking in the field 
with a plant press, and every once in a 
while, there's a surprise. 

"We're still finding species at a small 
rate that are new to science," McLaughlin 
reports. "We've also found species new to 
Arizona. They're usually in areas where 
very little collecting has taken place." The 
same is true for fungi: Arnold is currently 
focusing on fungi that live within plants, 
but do not cause disease -and which may 
help protect the plants they inhabit. 

"These fungi occur in all of Arizona's 
wild and agricultural plants, but they've 
never been examined in detail," Arnold 
says. "By collecting these fungi, we're un- 
covering a whole new world of fungal 
biodiversity-with potentially important 
uses, in both agriculture and forestry" 

In addition to direct field collecting, the 
herbarium also expands through gifts and 
donations, and through exchanges of du- 
plicates with other herbaria, according to 
McLaughlin. "We can exchange speci- 
mens from the Sonoran Desert for items 
from deserts in Australia, for example." 

In fact, far from staying forever in a cabi- 
net, parts of the herbarium are traveling 
all the time, on loan to other institutions. 
"At any time we have 10,000 to 15,000 of 
our specimens someplace else in the 
world," McLaughlin says. LJ 

Leaf detail from unnamed species, recently discovered in Santa Cruz County by Steve 
McLaughlin. 
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Who Uses an Herbarium? 

Research Botanists -to conduct origi- 
nal research on plants, to discover and 

describe new species, to inventory the 
plants that occur in specific areas and to 
document the species that belong to par- 
ticular groups (e.g., prickly pears, palo 
verdes) 

Public Agencies, such as the Park Ser- 
vice, BLM, and the State of Arizona -to 
identify and inventory plants and fungi for 
management purposes and to monitor 
new introductions (i.e. invasive weeds or 
fungal diseases) to the state 

Ecologists -to understand changes in 

plant or fungal communities over time 

Students -for class projects and for re- 
search related to plants 

Forensic Botanists and Law Enforce- 
ment Agencies -to identify plants that 
are involved in legal cases (e.g., endangered 
species, plants that are the source of drugs, 
plants that help identify the scene of the 
crime) 

Arizona Poison Control -to identify 
plants in cases of suspected poisoning 

Arizona Veterinary Diagnostic Labo- 
ratory-to identify plants in cases of pet 
or livestock poisoning 

Horticulturists -to identify plants that 
grow well in gardens and to search for 
related plants that might do as well 

Homeowners -to identify weeds as well 
as desirable plants in their back yards, and 

for advice on what species to plant, and 

for help in identifying rare plants 

-Phil Jenkins 

Visitors Invited 
The Campus Herbarium, located at 1 130 

E. South Campus Drive, is open to the 
public from 9 a.m. to 5 p.m. Monday to 
Friday and other days by appointment. 
Tours are offered by appointment. 

CONTACT 

Plant Herbarium 
(520) 621 -7243 
Steve McLaughlin 
spmcl @ag.arizona.edu 
Phil Jenkins 
pjenkins @u.arizona.edu 
Ed Gilbert 
egbot@ag.arizona.edu 
cals.arizona.edulherbariuml 

Mycology Herbarium 
(520) 621 -7212 
Betsy Arnold 
arnold@fungLarizona.edu 
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Juvenile entomopathogenic nematode 

Wostealth 
Tiny nematodes offer possibilities 

for pest control worldwide 

ematodes comprise a worm family so large it literally cov 
ers the earth. Individuals range in size from less than a 
micron in length to 26 feet long in some cases. Worldwide 

interest has begun to focus on microscopic nematodes that live 
with symbiotic bacteria. 

"We study these nematodes -which are actually insect kill- 
ers -not only to understand how diverse they are, but also to 
use them as biological control alternatives," says Patricia Stock, 
a nematomologist in the College of Agriculture and Life Sci- 
ences. "We want to see how they interact with the local insects. 
Using native biological control alternatives is more environmen- 
tally friendly than importing other pest control agents." Known 
as entomopathogenic nematodes (EPN), the juvenile stage of 
these tiny worms travels with bacteria in its intestine that spe- 
cifically kill certain insect species. Nematodes in the family 
Steinernematidae are associated with Xenorhabdus bacteria; those 
in the family Heterorhabditidae harbor Photorhabdus bacteria. 
Both types of EPN operate in similar ways. 

In the soil or in encrypted habitats such as the pockets behind 
the bark of trees, the juvenile nematode waits for (or sometimes 
actively seeks) the unsuspecting host a grub, or perhaps a larva - 
to jump on it and penetrate it through the insect's natural open- 
ings- mouth, anus, spiracles. Or the nematode may enter the host 
directly by using a dorsal tooth. 

Once inside the insect, the nematode vomits the pathogen, which 
kills the host within 24-48 hours and even digests its tissues, creat- 
ing a perfect environment for the EPN to grow and multiply. One 
or more adult generations live entirely inside the decaying insect. 
The third stage infective juvenile is the only one that can live out- 
side the insect host. Numbering about 150,000 strong or more, these 
juveniles exit the dead larva, carrying the bacteria, and look for 
other hosts to begin the cycle again. These juveniles can survive 

By Susan McGinley 

dry conditions in soils for long periods of time before they in- 
fect more insects. 

This naturally- occurring relationship between the nematodes 
and their mutualistic bacteria has existed for millenia. EPN are 
found in terrestrial environments, including deserts, rainforests, 
grasslands and other ecological systems, offering a tremendous 
array of possibilities for study. Stock, who has been research- 
ing and interpreting the evolutionary relationships of nema- 
todes for the past 15 years, has collected them in Arizona and 
from other locations worldwide. 

In Costa Rica, for example, she is working with a collabora- 
tive team from four universities -the University of Vermont, 
the University of Florida, the University of Nebraska, and the 
University of Costa Rica, to learn where EPN communities are 
concentrated. The work is funded by the National Science Foun- 
dation. 

"We're looking at all groups of nematodes in tropical 
rainforests," Stock says. "We sweep from the tops of the trees 
all the way to the ground, searching for nematodes that are 
potential insect pathogens. The misconception is that they are 
concentrated more in temperate zones, but this is not true. We're 
hying to unveil the mystery of nematode diversity in the tropic 
regions." 

In Jordan, she and her colleagues are surveying insect -para- 
sitic nematodes from soil -inhabiting insects and other habitats. 
The International Arid Lands Consortium, which includes par- 
ticipating institutions from the United States and the Middle 
East, is sponsoring the project. The study will offer new infor- 
mation and tools for developing non -chemical and non -toxic 
pest control programs in desert and semi -desert areas. 

"These nematodes from Jordan have the potential to provide 
an environmentally safe alternative for controlling insect pests 

8 The University of Arizona College of Agriculture and Life Sciences 



Microscopic entomopathogenic nematodes measure just microns in length. 

in agricultural and forestry systems, and 
also for controlling insect pests of human 
and veterinary importance," Stock says. 

In each location the scientists start with 
biotic surveys to find out which nema- 
todes and their corresponding bacteria 
meet local pest management goals. Then 
they gather samples from soil or other 
habitats for testing in the laboratory. The 
nematodes are accurately identified and 
analyzed using traditional morphology 
(structure and function) techniques and 
through molecular screening, including 
PCR (polymerase chain reaction) and 
DNA sequence analysis. 

The researchers determine the 
nematode's temperature and moisture re- 
quirements, the insect hosts it colonizes, 
and other characteristics. Lists of EPN evo- 
lutionary associations, called phylogenies, 
are assembled to show how the nematodes 
have evolved in relation to each other and 
how they are related in a geographic re- 
gion to affect similar hosts. 

"We always look at the insect and nema- 
tode interactions in the laboratory first, 
then go out and look at the crops and en- 
vironment," Stock says. Some of her work 
involves comparing commercially avail- 
able formulations of nematodes with cus- 
tom -made applications of local nema- 
todes. 

In Arizona, Stock's team is collecting 
native species of EPN for pest control tri- 
als in citrus and iceberg lettuce, with fund- 
ing from the Arizona Citrus Research 
Council and the Arizona Iceberg Lettuce 
Research Council. Ninety percent of the 
citrus orchards in the state have the para- 
sitic citrus nematode. 

"We're looking for options in pest con- 
trol," Stock says. "We're using the 

entomopathogenic nematodes to an- 
tagonize the citrus nematode and other 
plant -parasitic nematodes and disrupt 
their life cycle and their infection into 
the citrus roots." This study is using 
commercially available nematode prod- 
ucts along with isolates of nematodes 
collected from Arizona's sky island 
(mountain) regions. For the lettuce tri- 
als, native nematodes gathered from the 
soil in Yuma will be used. 

"It's better to use native rather than ex- 
otic nematodes to preserve biodiversity," 
Stock says. It's possible that similar spe- 
cies of nematodes can be used singly or 
together in reducing pest insect popula- 
tions. 

Once the right nematodes are identi- 
fied, they can be suspended in a gelati- 
nous matrix, or dried in powder, then 
mixed in water and sprayed, broadcast 
or irrigated onto crops. Large numbers 
of infectious juveniles are released to 
inundate and kill the pest insects 
quickly. Depending on climate condi- 
tions, this method works best on green- 
house ornamentals and vegetables, cit- 
rus, cranberry, turfgrass and other crops, 
rather than on high- acreage crops like 
cotton and soybeans. 

"The beauty of this is that in the last 
20 years nematodes have been formu- 
lated and commercialized," Stock says. 
"They are more expensive than a chemi- 
cal product, but so far they have been 
demonstrated not to harm humans, live- 
stock, beneficial insects or the environ- 
ment. Nematodes usually have to be un- 
derground -their targets are soil in- 
sects." 

The formulations keep improving as 
newer isolates of nematodes are found, 

Entomopathogenic 
Nematodes: A Mutualistic 

Relationship 
Taken from "entomo "(insect) and 
"pathogen" (disease- causing), an 

entomopathogenic nematode (EPN) 
kills certain insects indirectly by 
introducing bacteria into them. These 
include lepidopteran insects (caterpillars), 
coleopteran insects (weevils, white 
grubs), orthopteran insects (crickets, 
molecrickets), among many others, and 

even other nematodes that are plant - 
parasites. The bacteria kill the insect 
through septicemia, allowing the 
nematode to grow and multiply in the 
decaying body. Both the nematode and 

the symbiotic bacteria need each other 
to survive. 

The nematode is dependent upon 
the bacterium for: 

Quickly killing its insect host 

Creating a suitable environment 
for its development by produc- 
ing antibiotics that suppress com- 
peting microorganisms 

- Transforming the host tissues into 
a food source 

Serving as a food resource 

The bacterium needs the nematode 
for. 

Protection from the external 
environment 

- Penetration into the host's body 

Inhibition of the host's antibacterial - 
proteins 

and there is a lot of commercial interest 
in matching nematodes to pests, accord- 
ing to Stock. 

"Yet these nematodes are so powerful 
and pathogenic not in and of themselves, 
but because they live in symbiosis with 
bacteria," Stock concludes. "Both the bac- 
teria and the nematode need each other to 
survive, making them not only good as 
biological agents, but also as model sys- 
tems for understanding basic questions in 
biology. "Given the number of nematodes 
that exist in the world, the possibilities for 
discovery are immense. 

"The whole nematode phylum is esti- 
mated to have 500,000 to a million spe- 
cies," Stock says. "About 25,000 species 
have been identified so far." 

CONTACT 
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Conservation 

Tillage 
"'Arizona 

Cotton 

Method preserves 
the environment, 

reduces costs 
and 

preserves yields 

By Joanne Littlefield 

Conservation tillage is defined as a production system that 
eliminates or reduces tillage operations to the minimum required 
to produce a crop, and in which 30 percent of the previous crop 
residue remains on the surface after planting. Advantages in other 
parts of the country have included an increase in the overall pro- 
ductivity of the soil by increasing the soil's organic material and 
moisture -holding capacity, and reducing erosion. While it has been 
adopted in other parts of the United States, conservation tillage 
hasn't caught on with Arizona growers until recently, in part be- 
cause of recent rises in diesel costs. The Arizona research is look- 
ing at whether these advantages will hold true in desert soils. 

For years Arizona farmers have been paying close attention to 
practices that reduce the use of pesticides while controlling in- 
sect and weed pests. They have also looked at improving irriga- 
tion efficiency and are now seeking additional areas where they 
can reduce costs. Tillage is one of them. Field crops extension 
agent Steve Husman is one of nine College of Agriculture and 

Cotton in dead barley cover crop 

Agricultural producers today face the dilemma of rising 
production costs but stagnant prices for their crops. Add 
to that increased government regulation of dust emis- 

sions throughout Arizona and you have a group of farmers in- 
terested in learning about new information the university may 
have to enhance their bottom line. 

Researchers at the University of Arizona are looking at ways 
to eliminate the number of times a farmer has to pass through 
the field with a tractor, saving money on fuel and labor without 
a loss in crop yield. 

Cotton growers typically prepare and maintain fields by per- 
forming tillage (soil- disturbing) operations that include 
landplaning, leveling, several disking operations, chisel plow- 
ing, and cultivation for weed control and maintenance of irriga- 
tion furrows. Historically cotton growers had to follow Arizona 
statutes related to pink bollworm (Pectinophora gossipiella, Sand- 
ers) control which required some tillage following cotton har- 
vest. Recent regulatory changes have allowed for a reduction in 
tillage when the cotton crop is followed with a small grain plant- 
ing and irrigation. 

l0 

Life Sciences (CALS) researchers investigating conservation till- 
age and the entire system of crop production: yields, economic 
input, weed and insect control, and irrigation efficiency. 

"Part of this research involves collecting the data and identify- 
ing physical changes in soil structure, water infiltration rate, wa- 
ter- holding capacity, organic matter, weed control systems," 
Husman says. "These are all secondary possible benefits that will 
go along with the system. The short -term objective is to reduce 
costs through reducing the number of equipment passes across 
the field." 

Field experiments were conducted at two CALS agricultural 
centers ( Marana and Maricopa) and also with a commercial farmer 
in central Arizona. These trials included double cropping by plant- 
ing oats or barley, without tillage, following a cotton harvest; 2004 
was the third year of the study. What the researchers have discov- 
ered is a bit different than in other parts of the country where 
rainfall provides even irrigation to the crop in a field. 

"One of our biggest problems is moving water down furrows," 
Husman says. "In a high- residue system you have a lot of vegeta- 
tive trash that actually impedes the flow of water down the fur- 
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WeedSeeker® hooded sprayer in cotton 

row. It's actually taking more water." Be- 
cause this means more water is needed to 
sufficiently irrigate a crop, the scientists 
are looking at ways to alleviate that in the 
future. 

"We're very sensitive to the cost and the 
volume of water because allocations are 
shrinking and we're in a drought," 
Husman says. 

Weed control in conservation tillage 
systems must be addressed. Leaving crop 
residue -with more potential weed 
seed -in the fields and making fewer trips 
with the tractor to chop young weeds out 
naturally can lead to an increase in weed 
populations. UA weeds specialist Bill 
McCloskey has been evaluating herbicide 
weed control programs. 

In all conservation tillage treatments for 
the study, weed control was obtained us- 
ing only postemergent herbicides. Pre - 
emergent herbicides, it was discovered, 
would be used up by crop residue and 
grain crop stubble and not be available to 
knock out emerging weeds. In addition, 
McCloskey is also evaluating new herbi- 
cides applied with an automatic weed - 
sensing spot sprayer. The weed -sensing 
unit is used with herbicide applicators that 
have a plastic "hood" to prevent herbicide 
drift. The herbicide is concentrated only 
where it is needed, rather than broadcast 
over the entire field. Results have been 
dramatic. 

"Using the weed -sensing automatic 
spot -spray technology reduced herbicide 
spray volumes between 47 and 99 per- 
cent," McCloskey reports. 

Other objectives of the study include 
evaluating the direct planting of cotton 
into cover crop residues or grain stubble 
and small grain planting into cotton stalks; 
and analyzing changes in soil properties 
at the three sites. 

"We're heading into the second phase," 
Husman says, "working collaboratively 
with commercial farmers to let them be- 
come partners in the continuing develop- 
ment and refinement of processes that will 
work on their farm. Each farmer's objec- 
tives are different; each farmer's soils are 
different; each farmer's slopes are differ- 
ent." 

That input is essential to tailoring con- 
servation tillage practices to specific lo- 
cales, according to Husman. Growers are 
offered the loan of equipment specifically 
acquired for the project in exchange for 
feedback. 

Equipment needs vary, and the research- 
ers have already found that some adapta- 
tion was required. 

"We're working with an equipment 
manufacturer that produces a one -pass 
tillage implement," Husman says. "It has 
ripper shanks down the center of the beds 
to allow free root development and water 
penetration." 

Reducing production costs through con- 
servation tillage is possible, according to 
data generated by the economist on the 
research team, Trent Teegerstrom. Al- 
though some cases of yield reduction and 
higher seed costs were noted, lower labor 
and machinery costs offset those. He also 
found that increased grain yield could 

make up for the reduced cotton yields in 
a late plant system. 

Teegerstrom's research determined that 
the inclusion of additional grain varieties 
possibly better suited to the conservation 
tillage system in Arizona could lead to 
increased yields and resulting higher in- 
come potential. 

"In all, we've had a few successes and 
we definitely have identified some prob- 
lems," Husman says. "Yet we still feel that 
there's essentially reason to continue in 
addressing some of the issues." 

Working with commercial growers has 
a side benefit -or drawback -of inform- 
ing the farming community in general 
about what is going on. 

"If it doesn't work as well as what we 
suggested, the whole world will know 
about it, all their neighboring farmers," 
Husman admits. Yet if it does work well, 
that will also spread to surrounding farm- 
ers. 

"I've learned in the 15 years of doing 
this that farmers tend to put more confi- 
dence or credence in what one of their 
peers or neighbors tells them than in what 
I might send them in the research report 
alone.' 

Conservation Tillage 
Project Research Team 

Plant Sciences: 

Bill McCloskey, Mike Ottman, Kwame 
Adu -Tutu 

Agricultural and Biosystems Engineering: 
Ed Martin 

Agricultural and Resource Economics: 
Trent Teegerstrom 

Soil, Water and Environmental Science: 

James Walworth 

Cooperative Extension: 
Pat Clay (Maricopa), Steve Husman 
(Pinal and Pima), Kyrene White (Pima) 

CONTACT 

Steve Husman 
(520) 836 -5221 

husman @ag.arizona.edu 

Bill McCloskey 
(520) 621 -7613 
wmmclosk @ag.arizona.edu 

2004 Agricultural Experiment Station Research Report II 



Improved 
HORSE 

Breeding 

University of Arizona Equine Center in Tucson 

Equine reproduction, research 
and education 

By Joanne Littlefield 

Horses are often prized by their owners for their agil- 
ity and speed on the trail or in the show ring, and for 
their sturdiness, sleek coats or other desirable char- 

acteristics. Breeding efforts focus on preserving such traits. 
Yet stallions have not necessarily been selected based on how 
well their sperm actually holds its fertility when frozen. This 
is a critical consideration when artificial insemination (AI) is 
used and a stallion's sperm needs to be stored and later trans- 
ported to a breeding mare. 

Although artificial insemination for horse breeding has been 
around for awhile, with fairly good success in shipping semen 
across country, the practice hasn't been readily adaptable for small 
herd owners. Because the American Quarter Horse Association 
recently approved the use of refrigerated and cryopreserved se- 
men and lifted restrictions on its use, more horse owners are con- 
sidering the advantages of long -term preservation. Being able to 
deep freeze the semen so it can be saved for a longer period of 
time and shipped a greater distance cuts down on transportation 
costs while making the genetic pool available to a larger group 
of brood mares. 

To assist in this effort, researchers in the University of Arizona 
College of Agriculture and Life Sciences are examining how 
cryopreservation increases both the level of fertility and the sur- 

I2 

vivai rate of sperm for use in artificial insemination. Associate 
equine specialist Mark Arns, in the Department of Animal Sci- 
ences, whose background is in sperm physiology, has been look- 
ing at how changes in the horse's diet, as well as in the 
cryopreservation medium, can increase reproductive success. He 
is also studying how that sperm can be frozen more effectively. 

Using research information gleaned from both swine and hu- 
man reproductive physiology, Arns has been investigating 
whether dietary supplementation of an oil -based fatty acid makes 
a difference in the fertility rate. 

"We fed stallions omega -3 fatty acids in the diet for 90 days," 
he says, "and then looked at changes in sperm characteristics 
and the makeup of the sperm plasma membrane, as well as the 
spermatozoa) response following both short and long -term pres- 
ervation." 

Preliminary results show a 50 percent increase in sperm pro- 
duction in the treated stallions. This practice has the potential of 
increasing the number of inseminations -or the number of mares 
that can be bred - simply by altering the horse's diet. 

The second study in which Arns is compiling data deals with 
improving the viability of spermatozoa after freezing. Add- 
ing cholesterol to the media in which the semen is held after 
harvesting strengthens the membrane of spermatozoa. 
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"We know that if we increase the amount of cholesterol in 
the membrane we can stabilize the membrane and for some 
stallions improve upon their sperm's ability to survive a cool- 
ing /warming or freezing /thawing cycle," Arns says. Addi- 
tionally, this study looked at removing the cholesterol from 
sperm plasma membrane prior to insemination. 

"For some stallions' semen, too much cholesterol is thought 
to actually have a negative effect, preventing fertilization," he 
says. 

To bring this new technology to horse breeders in Arizona, 
Arns created a workshop series to provide producers with ap- 
plied instruction using artificial insemination practices. The 
objective is for producers to be able to enhance reproductive 
efficiency in their breeding herd by incorporating basic repro- 
ductive technologies. Program participants range from first - 
time horse owners to skilled professionals. 

The equine industry in Arizona includes private and com- 
mercial pleasure riding; participant and spectator events such 
as polo, rodeo, racing, shows or roping; and breeding. The 
Arizona equine industry adds $1 - 1.3 billion annually to the 
state's economy, according to an economic survey funded by 
the Arizona Horseman's Association. 

Four two -day workshops have been conducted each year 
since 2000, including the first workshop for Arizona tribal lead- 
ers, primarily from the Navajo Nation. The long -term goals of 
the program are to increase the number of foals born, to in- 
crease the number of client mares (thereby increasing income 
for horse breeders), and to decrease costs associated with 
breeding horse by decreasing the number of cycles per preg- 
nancy and by incorporating the use of biotechnology through 
artificial insemination. 

"Because the technology is relatively new in the horse in- 
dustry, there are not a lot of places where owners can go to get 
some instruction in these different biotechnologies, "Arns says. 

"Most of our producers either have mares, or they have stal- 
lions they raised or purchased, and they're looking at trying 
to lower the cost of their production program by learning how 
to do it themselves instead of hiring it out." 

The equine reproductive management workshop consists of 
a review of the reproductive physiology and management of 
the mare and stallion, followed by instruction in basic artifi- 
cial insemination skills; hygiene; how to collect or harvest an 
ejaculate; and how to prepare it for either immediate insemi- 
nation on the farm or for short -term preservation through re- 
frigerated semen. 

Depending on the number of horses they own, stallion own- 
ers in attendance said the workshop would result in annual 
savings of between $4700 and $6300. The participants who 
owned mares reported that the workshop would result in an 
annual savings of around $3000. 

"Even though artificial insemination is fairly simple, we 
didn't have a lot of people trained in it and so some of the 
initial trials weren't successful," Arns says. Now that it's been 
around for a while and more people have been educated in 
both stallion and mare reproductive physiology, the success 
rate is increasing. 

"We have stallions in the industry that sell literally for mil- 
lions of dollars," Arns says. "Now all of a sudden, they don't 
have as much risk. You can go ahead and harvest spermato- 
zoa, put those in a cryobank and have a little bit of insurance 
if that stallion should become infertile or die. You still have 
sperm cells or genetic material available for use." El 

CONTACT 

Mark Arns 
(520) 626 -9538 
marns @ag.arizona.edu 

The UA Equine Center 

The UA equine center, located adjacent to the College of Agricul- 
ture and Life Sciences Campus Agricultural Center in Tucson, was 

created in 1978 under the direction of CALS equine specialist Bill 

Schurg. It currently has about 50 head of horses with an active 
Thoroughbred breeding herd for students to work with in sev- 

eral CALS classes. In addition there are several riding horses used 

in horsemanship classes. Research efforts have primarily been in 

the stallion fertility area with several stallions housed at the equine 
center. In addition to the equine breeding education program, the 
equine center is home to other public education workshops: 

Nutritional Management 
To provide horse owners with an in -depth study of equine nutri- 
tional management, a series of three weekly 2 -to -3 hours educa- 

tional sessions focus on applied aspects of feeding horses, helping 

participants with their current feeding program. Participants who 
bring a hay sample receive an analysis to determine how to bal- 

ance diets for each of the different classes of horses being fed. 

Computer assisted analysis is conducted and software is avail- 

able for participant use. 

Hoof Function and Care 
Horse owners who are interested in learning more about proper 
hoof function and care can learn through a workshop broken up 

into two modules. The first module is for owners interested in just 
the basics of hoof care and covers safety in handling horses and the 
anatomy of the leg and hoof. The second module is for those 
interested in gaining hands -on training in the proper trimming of 
horses and includes information on the how to detect physiologi- 
cal unsoundness found in legs and hooves and identification of vari- 
ous trimming /shoeing methods. In addition there are laboratories 
associated with the second module that focus on proper applica- 

tion of hoof care tools and evaluation of hoof form to function. 

Contact: 
Bill Schurg 
CALS Equine Specialist 
520 -621 -3601 
Email: bschurg @cals.arizona.edu 

Laura Walker 
Equine Center manager 

(520) 318 -7023. 

2004 Agricultural Experiment Station Research Report 13 



A 

Water -Conserving 
Garden for -11 qabä 
Arid lands technology transfer involves Arizona and Jordan 

14 

By Susan McGinley 

Desert dwellers value gardens for 
the lushness, shade and beauty 
they bring to a dry landscape. Yet 

native species are often shunned in favor 
of water -guzzling exotic plants that are 
poor choices where water is naturally 
scarce. Ecologically appropriate designs 
that include native or other low water -use 
plants, drip irrigation and reclaimed wa- 
ter can benefit both the environment and 
the human community. 

That is the goal of a water -conserving 
demonstration garden for 'Aqaba, Jor- 
dan-a project that brings together pro- 
fessors, students and engineers from two 
deserts half a world apart -the Sonoran 
Desert and the Sudanian Desert. Faculty 
and students from the UA College of Ag- 
riculture and Life Sciences and the School 
of Landscape Architecture are working 
with the 'Aqaba Special Economics Zone 
Authority (ASEZA), a municipality in 
southern Jordan, to transform a neighbor- 
hood park. 

The project is sponsored by the Interna- 
tional Arid Lands Consortium (IALC), 
which includes the University of Arizona 
and the Badia Research and Development 
Program. The project is funded by the US 
Agency for International Development. 

"This is an example of technology trans- 
fer of Southwest water -saving techniques 
to the Middle East," says Robert Freitas, 
director of the IALC's Sustainable Devel- 
opment of Drylands in Asia and the 
Middle East Project. "It's using UA expe- 
rience and knowledge to fulfill a promise 
made two years ago. Although 'Aqaba 

The University of Arizona College of Agriculture and 

draws water from the high quality DISI 
aquifer, it is a finite source so it's impor- 
tant to take conservation measures now." 

Located on the southwestern tip of Jor- 
dan at the top of the Gulf of 'Aqaba at the 
north end of the Red Sea, 'Aqaba is 
Jordan's only port and thus is very impor- 
tant for trade. Egypt, Israel and Saudi 
Arabia also border the Gulf. A large fertil- 
izer- loading wharf, a critical marine habi- 
tat and the potential for increased tourism 
make water conservation and environ- 
mental guidelines a priority. In particular, 
nutrients in runoff could harm the sensi- 
tive coral reef. 'Aqaba's climate is similar 
to that of Yuma, Arizona, although it has 
considerably less rainfall than the Sonoran 
Desert. Local residents number less than 
100,000, but the area is also visited by Jor- 
danian and international tourists. 

"The goal is to convey water conserva- 
tion information and to create a variety of 
outdoor spaces which effectively commu- 
nicate low water -use strategies to the resi- 
dents and visitors of 'Aqaba," says Karen 
Vitkay, a graduate student in landscape ar- 
chitecture who designed the park as her 
master's project. 

Vitkay, and landscape architecture pro- 
fessor Margaret Livingston researched the 
needs of the community, assessed the re- 
quirements for growth, and identified the 
materials and plants that are available in 
the area. Vitkay then developed and drew 
a set of designs for the garden that she has 
presented to local municipal and govern- 
mental groups for approval. The designs 
have been enthusiastically received. 

Life Sciences 



Vitkay and Livingston visited the park 
in 'Aqaba several times in 2003 and 2004 
to survey the needs and desires of local 
residents, including men, women and 
children, and to work with members of 
ASEZA. The resulting design incorpo- 
rates environmental, social and cultural 
principles suited to the region, includ- 
ing tensile structures that recall Bedouin 
tents, fragrant plants from classic Islamic 
gardens, and other elements. 

The garden occupies two acres near 
the coast and the main road near the 
hotels. It's already functioning as a park 
with a high- density residential area 
around it, but sections of the park are 
overgrown, others are underused, and 
the area -though surrounded by a 
wall -is subject to vandalism. Vitkay's 
design drops the walls and invites visi- 
tors to move through a series of spaces 
connected by a flowing walkway that re- 
calls the Arab concept of a wadi, or 
desert wash. 

"The garden is called the Wadi of 
Knowledge, with eddies or pools of 
knowledge," Vitkay says. "Each section 
of the garden offers a different learning 
opportunity. It starts like a spring in the 
desert and concludes with an oasis at the 
end." Sections of the garden include an 
orientation plaza called the Spring of 
Knowledge; native plant garden; recre- 
ational field, water harvesting area; for- 
mal garden based on historic Islamic de- 
sign; youth play area; graywater infor- 

The International Arid 
Lands Consortium 

(IALC) 
an independent, nonprofit organiza- 
tion formed in 1989, promotes co- 
operative arid and semiarid lands re- 
search and the dissemination of 
knowledge necessary to apply that 
research in the United States and 
abroad. The IALC funds research, 
educational and training initiatives, 
demonstration projects, workshops, 
and other technology- transfer activi- 
ties related to the management, res- 
toration, and reclamation of arid and 
semiarid lands. Eligibility for funding 
is determined by the IALC Member 
Institutions. 

ialcworld.org/ 

Sustainable 
Development of 

Drylands in Asia & the 
Middle East Project 

is funded under a cooperative 
agreement with the U.S. Agency for 
International Development 
(USAID) and. the International Arid 
Lands Consortium (IALC). This 
project supports the sustainable 
development, management, and res- 
toration of arid and semiarid lands 

in Afghanistan, Pakistan, Jordan, In- 
dia, and Yemen. 

The design includes a native plant 
garden near a "wadi" pathway 
(shaded gray) that winds through 
the entire site like a desert wash. 

mation area, where drinking fountain 
water runoff is distributed onto plants; 
modern garden; amphitheater; Oasis of 
Knowledge, which is an existing building 
that can serve as an education center; and 
horticultural classroom. The plantings 
and structures at each stage fit with the 
theme for that component of the garden. 

"The essence of this project is convey- 
ing water conservation in a format that is 
easily interpreted by many audiences. 
That's one of the gifts or strengths of the 
profession of landscape architecture," 
Livingston says. "We're trying to show 
people how they can conserve water in 
their own lives, their own landscapes. 
They really need an example to look at. 
Part of our mission is that we don't just 
want it to be water -conserving, but we also 
want the garden to be attractive, to draw 
them in. The design of the garden shows 
the research in a visual format." 

The inclusion of water -saving plants 
plus water -saving practices and irrigation 
techniques would not only give the people 
living in 'Aqaba ideas for conserving wa- 
ter in their own homes, but it would also 
offer visitors from arid and semi -arid re- 
gions a way to do the same. The design 
incorporates the seven principles of 
xeriscape (landscaping for dry areas): 
planning and design; plant selection; wise 
use of turf; soil and mulches; alternative 
sources of water, such as reclaimed wa- 
ter; maintenance; and efficient irrigation 
methods. 
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"The plant palette needs to be ex- 
tended a little further," Livingston says, 
referring to the predominance of exotic 
plants already in 'Aqaba. "We don't want 
to repeat the exotic species, but rather find 
out which native species we can get people 
to grow." 

Vitkay notes that her plans are only a sche- 
matic design, and that the details need to 
be worked out by the engineering com- 
pany involved with the project. 

Pete Waller and Mulluneh Yitayew, fac- 
ulty in UA agricultural and biosystems en- 
gineering, are designing the irrigation sys- 
tem for the garden. Waller conducted an 
economic assessment of different irriga- 
tion methods in 'Aqaba and presented a 
paper on this topic at the International Wa- 
ter Demand Management Conference at 
the Dead Sea, in Jordan. 'Aqaba City man- 
agers, after looking at the economic assess- 
ment of installation and maintenance 
costs, decided to use subsurface inline drip 
irrigation laterals for trees and shrubs, and 
sprinkler irrigation for turf. The park will 
use high quality reclaimed water for irri- 
gation, similar to Tucson's reclaimed wa- 
ter, once the new wastewater treatment 
plant is completed. 
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"There is a legal requirement that pipes 
carrying reclaimed water must be painted 
purple, and they didn't want to have 
purple pipe in all the medians, so they 
decided to use subsurface drip," Waller 
explains. The irrigation system will use 
local equipment and an automated system 
that will enable city managers to evaluate 
plant water requirements if money is al- 
located for this task. 

Akrum Tamimi, professor and project 
coordinator for the Sustainable Develop- 
ment of Drylands Project's Jordan compo- 
nent, serves as a local contact in Jordan. 
He has facilitated meetings with munici- 
pal and government officials, presented a 
conference on alternative water sources at 
Jordan University of Science and Technol- 
ogy, and is conducting a wastewater re- 
use balance study with Waller, ASEZA and 
the new water authority of 'Aqaba. He will 
present the documents for the garden 
project to ASEZA, the government of Jor- 
dan, and USAID. 

"ASEZA will be using the design 
knowledge and other technologies in this 
garden to landscape the medians in 
'Aqaba and possibly other public parks," 
Freitas says. "We hope these water -con- 

serving aspects will be used throughout 
Jordan. This is the use of science and tech- 
nology as a fulcrum to influence positive 
change. The water conserving garden is 
one of this project's activities. Through- 
out all of this is training and technology 
transfer, which is flowing both ways; some 
techniques have come from the Jordani- 
ans. There are things they are teaching us, 
too." 

CONTACT 

Robert J. Freitas 
(520) 621 -1956 
bobf@ag.arizona.edu 
Karen Vitkay 
(520) 621 -8743 
kvitkay @email.arizona.edu 
Margaret Livingston 
(520) 621 -5359 
mlivings @email.arizona.edu 
Pete Waller 
(520) 621 -2896 
pwaller @ag.arizona.edu 
Akrum Tamimi 
akrumt @email.arizona.edu 
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UA Licenses Patent 
for Natural Fungicide 

A UA patent may help combat many plant diseases, including downy mildew of 
pumpkin. 

Natural product fights plant diseases 
By Mari N. Jensen 

The University of Arizona has li- 
censed its patent for a natural 
fungicide to Jeneil Biosurfactant 

Company, a winner of the 2004 Presiden- 
tial Green Chemistry Challenge Award. 

The patent is for the use of a natural 
product called rhamnolipid to combat 
fungus -like organisms that cause some 
of the most economically damaging 
plant diseases in the world. 

Compared with other fungicides, 
"rhamnolipid, because of its biological 
nature, has less toxicity and better bio- 
degradability," said Raina M. Maier, a 
professor in UA's department of soil, 
water and environmental science who is 
one of the inventors. 

Other inventors listed on the patent 
are Michael E. Stanghellini, UA profes- 
sor emeritus of plant pathology and now 
a professor at the University of Califor- 
nia at Riverside, retired UA senior re- 
search specialist Scott Lynn Rasmussen, 
former UA graduate student Do Hoon 
Kim and former UA postdoctoral re- 
searcher Yimin Zhang. 

The organisms, known as zoosporic 
plant pathogens, cause diseases that in- 

elude root rots of citrus and pepper, 
downy mildew of pumpkin, cucumber, 
grape and pepper, and the late blight of 
potato, the disease associated with the 
19th century Irish potato famine. 
Zoosporic plant pathogens also cause 
the sudden oak death affecting oak trees 
in California and Europe. 

In the spring of 2004, Jeneil obtained 
U.S. Environmental Protection Agency 
approval to use a rhamnolipid product 
as a fungicide, said the company's presi- 
dent, N. R. Gandhi. 

Any revenue that the University of 
Arizona receives from the patent license 
will fund future research and future 
patent expenses, said Mary Louise 
Trammell, senior licensing associate in 
UA's Office of Technology Transfer. 

"It's all turned back into the R &D en- 
deavor or the commercialization en- 
deavor," she said. "We're trying to make 
products available for the public good." 

The discovery of the fungicidal proper- 
ties of rhamnolipid happened in a classic 
way -by accident. 

In 1995, Michael Stanghellini, then a 
professor in UA's department of plant pa- 

thology, was using synthetic surfactants, 
or detergents, to control zoosporic plant 
pathogens in hydroponic systems. 

However, one of the systems seemed 
immune to the pathogens even without 
having the synthetic surfactant added. 
Moreover, the system was foaming, just 
as if soap had been added. He found the 
system was contaminated with a micro- 
organism that produced a natural surfac- 
tant, a biosurfactant. 

One day as he walked in from the park- 
ing lot with another professor, Stanghellini 
mentioned his finding. He recalls that the 
other man said, "You need to talk to Raina, 
she's the queen of biosurfactants." 

Maier studies how to use biosurfactants 
from soil organisms to clean up environ- 
mental contamination. So Stanghellini 
teamed up with Maier to investigate a 
novel use of biosurfactants. 

The researchers verified that the natu- 
ral surfactants in Stanghellini's hydro- 
ponic system were rhamnolipids pro- 
duced by a common soil bacterium, 
Pseudomonas aeruginosa. 

The team went farther and showed that 
such rhamnolipids could vanquish 
zoosporic plant pathogens by exploding 
the zoospore, the mobile, infectious part 
of the pathogen. 

Maier said when rhamnolipid is added 
to a solution containing zoospores, "In 60 
seconds -they're gone." 

Moreover, the team showed that add- 
ing rhamnolipid to the water in a hydro- 
ponic greenhouse system could protect 
plants from infection by zoosporic plant 
pathogens. 

The researchers patented their discov- 
ery in 1998. 

Maier said about their finding, "It was 
very exciting. It's what science is all 
about." 

Read more about Maier and Stanghellini's 
research on biosurfactants to control plant 
pathogens in "Exploding Zoospores," 
cals. arizona.edu /pubs /general /resrpt 1 997/ 
exploding zoospores. html 

CONTACT 

Raina Maier 
(520) 62 1-723 1 

rmaier @ag.arizona.edu 
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Trees, Grasslands 
and Global Change 

UA SNR undergraduate student Adrian Vogel sorts mesquite biomass for the allom- 
etry study, which looks at changes in proportion of various parts of an organism as 
a consequence of growth. 

New perspectives on an old problem 
By Joanne Littlefield 

The intricate veil of molecules that 
make up the earth's atmosphere 
has been compromised over the 

years. Elevated emissions of carbon diox- 
ide and other greenhouse gases are asso- 
ciated with fossil fuel use and industrial- 
ization. Coupled with deforestation of 
tropical areas, many scientists believe 
these factors may contribute to global 
warming and an increase in climate vari- 
ability -the frequency and magnitude of 
extreme climatic events. 

Range managers, meanwhile, have seen 
grasslands evolve into woodlands and 
shrublands that can constrict water flow, 
alter soils and ultimately change how the 
land can be used. Investigating how these 
changes in vegetation may have affected 
the accumulation and processing of car- 
bon and nitrogen on southwestern range- 
lands has been UA plant ecologist Steve 
Archer's passion for over two decades. 

Mesquite (Prosopis velutin), dominates 
many of today's rangelands. This plant has 
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expanded from its historical enclaves in 
bosque, riparian, and arroyo ecosystems 
and into uplands over the past century, in 
part because many animals favor the 
sweet seed pod. For example, when cattle 
consume mesquite pods along with range 
grasses and forbs, the seeds are deposited 
(complete with fertilizer) wherever they 
range. Scientists wonder if the spread of 
mesquite and other woody plants might 
actually aid in the absorption of excess 
carbon dioxide. 

The thorny mesquite often grows in 
dense thickets and, depending on soils, 
can reach heights of 10 -20 feet with trunks 
12 -24 inches in diameter. This mesquite 
and woody shrubs such as creosote alter 
wildlife habitat and compete with native 
vegetation for water and nutrients, chang- 
ing grasslands forever. Compared to 
grasses, woody plants typically have 
much greater leaf areas, meaning more po- 
tential transpirational water loss. They 
also have more extensive and deeper root 

systems able to tap sources of water that 
could otherwise go to groundwater re- 
charge and affect stream flow. 

"There has been a long -standing inter- 
est in how mesquite affects livestock pro- 
duction, wildlife habitat and water avail- 
ability," Archer says. "We know much less 
about how it affects the manner in which 
ecosystems process carbon and nitrogen, 
two important elements linked to climate 
change. We're interested in understanding 
how carbon and nitrogen stocks in eco- 
systems change as you shift the composi- 
tion from grassland to shrubland." 

The Santa Rita Experimental Range 
(SRER), southeast of Tucson, provides an 
extraordinary outdoor laboratory for 
studying this topic. Land use patterns 
have been well documented at the UA re- 
search facility for more than 100 years. 
Research there has included plant intro- 
duction and reseeding, invasive weed con- 
trol, livestock /wildlife interactions, insect 
studies and the effect of livestock grazing. 

For example, there are large plots of 
land that have been protected from live- 
stock grazing; other plots where grazing 
took place for years and then was cur- 
tailed; still others with continuous or ro- 
tational grazing. This rich array of con- 
trasts will allow Archer and colleagues to 
evaluate how real -world land uses might 
affect woody plant encroachment and its 
impacts on the carbon and nitrogen cycles. 
Furthermore, the elevation on SRER's 
51,000 acres ranges from 2,900 to 5,200 feet, 
with varying soil types and rainfall 
amounts. The results from the research 
can be broadly extrapolated to other ar- 
eas. 

For the first year of the research project 
Archer and his research team are measur- 
ing the carbon and nitrogen content of 
mesquite and other rangeland plants. 
They are doing this in pastures with con- 
trasting management histories at various 
elevations at the SRER and are taking soil 
core samples as well. By measuring the 
carbon and nitrogen content in plants and 
soils, Archer hopes to provide a more com- 
plete inventory of how carbon and nitro- 
gen pools in ecosystems will change as the 
vegetation changes in response to climate 
or land management. Previously his re- 
search was conducted in two areas of 
Texas -one a temperate zone in northern 
Texas and the other a subtropical zone 
near the Gulf of Mexico. Results from 
those studies, when combined with those 
from the SRER project, will enable Archer 
and his colleagues to make regional as- 
sessments and determine if brush en- 
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croachment has similar effects in differ- 
ent regions of the Southwest. 

Carbon and nitrogen are contained in 
plant biomass and in soils. Biomass is 
defined as the weight of plants above 
ground (leaves, stems, trunks) and below 
ground (roots). Working early in the day 
during the warm growing season, field 
crews collect biomass by clipping and 
weighing low- growing vegetation. It is 
not realistic to cut and weigh the mesquite 
plants in an ecosystem, so their weight is 
predicted using equations that relate plant 
height, basal stem diameter and canopy 
dimensions to biomass. Soils contain car- 
bon and nitrogen that is derived from the 
death and decomposition of plant leaves, 
stems and roots. 

Samples of plants and soils collected in 
the field are taken to the laboratory, where 
they are ground into fine particles, using 
a series of mechanical grinders. These 

particles are then run through an elemen- 
tal analyzer which determines the concen- 
tration of carbon and nitrogen. Biomass 
values are then multiplied by concentra- 
tion values to determine how much car- 
bon and nitrogen are in the plants and soils 
of an ecosystem. By making these mea- 
surements in different pastures, the effects 
of land use and vegetation change on car- 
bon and nitrogen abundance can be as- 
sessed. 

Recent funding from the USDA's Man- 
aged Ecosystems Program is making pos- 
sible more detailed and extensive sam- 
pling, including the use of dynamic simu- 
lation models. These models refine esti- 
mates of how the carbon and nitrogen 
mass in plants and soils have changed 
over time, as a result of woody plant en- 
croachment and brush management prac- 
tices aimed at reducing woody plant 
cover. Archer is also collaborating with 

Field work at the Santa Rita Experimental Range includes tagging trees, 
measuring vegetation and weighing the largest size classes of vegetation using 
the tripod scale (center). This is part of the mobile field lab that processes the 
bulk of the work. 

UA students (l -r) Robert Wu, Adrian Vogel, Elsbeth Hoggett and Donna King 
separate leaves from small stems of mesquite collected at the Santa Rita 
Experimental Range. 

scientists at the University of Colorado 
and the Carnegie Institute at Stanford Uni- 
versity on a NASA project at the SRER. 

"We are currently working on ap- 
proaches that will allow us to use aerial 
photography and satellite imagery to 
make large -scale assessments of the car- 
bon and nitrogen content of soils and veg- 
etation," Archer says. 

Gaseous emissions of nitrogen occur 
through the natural decomposition pro- 
cess and these can contribute to green- 
house gases and to trophospheric ozone 
production (produced in the atmospheric 
layer below the stratosphere). As a result, 
vegetation effects on nitrogen are of inter- 
est to scientists. Plants like mesquite have 
the potential, through forming symbiotic 
relationships with bacteria, to convert at- 
mospheric nitrogen to forms of nitrogen 
that can be used in plant metabolism and 
growth. 

"Changes in vegetation from non- nitro- 
gen fixing species such as grasses to ni- 
trogen- fixing species such as mesquite 
might change fundamental ecosystem 
properties with regard to nitrogen avail- 
ability," Archer says. "Both ecosystem pro- 
ductivity and greenhouse gas concentra- 
tions are affected." 

Archer's research ultimately will lead 
to some answers about how much carbon 
gets sequestered, or tied up, and for how 
long, in various vegetative types and un- 
der various land management practices. 
Carbon credit programs are being consid- 
ered in some parts of the United States. 
Such programs compensate landowners 
and land managers for promoting vegeta- 
tion growth or restoring degraded range 
and pasture land, to increase carbon se- 
questration in the ground. 

"This might be a win -win situation," 
Archer says, "because it could be a source 
of capital for range improvement practices 
that have many spin -off benefits such as 
increasing soil organic matter and im- 
proving water holding capacity and fer- 
tility." 

Livestock production, water use and 
the biodiversity of grassland ecosystems 
are at stake. 

"With woody plant encroachment, 
we're losing the plants and animals in- 
digenous to our grasslands," Archer says. 
"That's one downside of woody plant en- 
croachment that offsets the possible ben- 
efits of carbon sequestration." 

CONTACT 
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Steve Archer 
(520) 626 -8791 
sarcher @email.arizona.edu 
cals .arizona.edu /research /archer 
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Vegetables 
Fewer pathogens survive under 

subsurface drip irrigation 

Sampling activities of soil and crop in a greenhouse 

By Susan McGinley 

4icrobia1 

food safety has hit 
the headlines in recent years, 
with stories about E. coli in 

beef, almonds, and apples, and salmo- 
nella in cantaloupe and green onions. Af- 
ter each scare, stricter guidelines have 
been placed on agricultural production 
methods to reduce opportunities for con- 
tamination. Along with other precautions, 
subsurface drip irrigation may be one way 
to shield fresh vegetable crops from con- 
tact with bacterial and viral pathogens, ac- 
cording to an FDA -sponsored study re- 
cently completed by faculty in the Univer- 
sity of Arizona College of Agriculture and 
Life Sciences. 

20 

The three -year study, primarily carried 
out at the UA's Campus Agricultural Cen- 
ter in Tucson, focused on cantaloupe, ice- 
berg lettuce, and bell peppers. In addition 
to monitoring the presence of fecal 
coliform bacteria, the overall purpose of 
the study was to develop guidelines for 
minimizing produce contamination by 
enteric pathogens, such as the hepatitis A 
virus, during production. 

Experiments using all three crops were 
carried out in a growth chamber, green- 
house, and also in field plots. Each of these 
scenarios offered varying degrees of con- 
trol over both temperature and humidity, 
two significant factors that affect the sur- 

vival of pathogens on the surfaces of crop 
plants. The field portion of the study in- 
cluded a comparison between two irriga- 
tion methods, the standard furrow irriga- 
tion and the newer subsurface drip irri- 
gation (SDI), where the drip line is buried 
in the ground. Pathogen survival is most 
difficult to control in the field. 

"We were researching whether soil 
could be a natural filter for crops when 
the irrigation water was contaminated," 
says Chris Choi, an associate professor in 
Agricultural and Biosystems Engineering 
(ABE). A variety of microorganisms were 
obtained from a certified laboratory and 
injected directly into the irrigation water. 
The study was carried out in collabora- 
tion with Charles Gerba of the Soil, Water 
and Environmental Science and also Mi- 
crobiology and Veterinary Science Depart- 
ment. 

"The degree of microbial contamination 
is dependent upon the type of crop, the 
irrigation method, the concentration of 
pathogens in the irrigation water, and the 
harvesting methods," writes the team in 
their report. "We are investigating the fate 
of pathogens on crops, which is dependent 
upon climate (temperature, relative hu- 
midity and rainfall), the type of microor- 
ganism, and the type of crop." The field - 
irrigated crops of cantaloupe and lettuce 
stood the greatest chance of contamina- 
tion, but Choi notes that drip irrigation 
had an advantage here. 

"With furrow and sprinkler irrigation, 
the water has direct contact with the 
plants," he says, "but with drip irrigation 
the water only contacts the root area. There 
is little contact between the fruit and the 
irrigation water. Thus, the water is filtered 
through the soil before it reaches the plant, 
effectively screening out pathogens that 
occurred in greater numbers on the fur- 
row and sprinkler irrigated plants. The 
soil acts as a natural filter for the microor- 
ganisms." 

For the subsurface drip- irrigated test 
plots, the drip tape was buried at about 
30 cm for cantaloupe, 20 cm for bell pep- 
pers, and about 15 cm for lettuce. The test 
microbes, E. coli ATCC 29522 and 
Clostridium perfringens, were injected into 
the irrigation water that was applied to 
the field. Tertiary reclaimed water was 
used for the study. Plant and soil samples 
were taken at regular intervals, and all 
equipment was disinfected between sam- 
plings. Cantaloupes were also directly in- 
oculated in the growth chamber and tested 
for contamination at knife -cut points. 

All of the data were collected and ana- 
lyzed to determine how high the patho- 
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gen concentration needs to be in irriga- 
tion water to result in an annual risk of 
infection from the consumption of con- 
taminated produce. For study purposes, 
the produce was assumed to be contami- 
nated the day it was irrigated. 

"We wanted to find out how to avoid 
contamination, and also how long it 
would last if it did occur," Choi says. 

So far, bell peppers have demonstrated 
the least amount of contamination because 
they grow aloft above the ground and 
have a waxy surface. Cantaloupe tended 
to retain more microbial contamination 
than lettuce or bell peppers because they 
rest on the ground. In addition, it is as- 
sumed that the waxy cuticle of the canta- 
loupe surface is more complex than the 
surfaces of iceberg lettuce and bell pep- 
per. Therefore, the survival of microor- 
ganisms on cantaloupe was greater due 
to the irregular surface texture and com- 
plex cuticle of the fruit. The subsurface 
drip -irrigated portions of the field experi- 
ments resulted in fewer microbes adher- 

ing to the surface of the fruit. Even for 
cantaloupe, however, significantly less 
microbial contamination of both the pro- 
duce and the soil surface occurred in sub- 
surface drip -irrigated plots as compared 
to furrow irrigated plots. 

"Significant numbers of all the micro- 
organisms were recovered from the fur- 
row irrigated plots as compared to the 
subsurface drip -irrigated plots," the report 
states. Cracks did appear in the raised 
beds, leading to some infection, but plas- 
tic mulch might take care of that problem 
in subsurface plots. Also, Choi recom- 
mended that frequent irrigation (adjusted 
from 20 minutes every hour to 15 minutes 
every hour and a half) seemed to reduce 
fruit contamination. 

"The 10 cm layer of soil likely filtered 
the E. coli and C. perfringens, because these 
microorganisms were bigger than the soil 
pore size," the team wrote. Of course, 
many other factors come into play, but 
generally the microbes that entered the 
soil through the underground drip line 

stayed below unless they were turned up 
through cultivating or cracking. Because 
microbes tend to survive for a shorter time 
if they dry out, the researchers recommend 
that the produce not be harvested and con- 
sumed within a few days after the last ir- 
rigation or rainfall. The subsurface drip 
system also improved irrigation water ef- 
ficiency -less was needed than for the fur- 
row- irrigated crops -and the yields were 
comparable. 

"The advantage of doing this in a re- 
search situation is that we have all the 
numbers to show this is doable, and that 
it can be done in Arizona," Choi says. 

CONTACT 

Chris Choi 
(520) 621 -1890 
cchoi @ag.arizona.edu 

Advantages of 
Drip -Irrigated Turf 

Tennis and croquet court in Phoenix area that has been 
successfully irrigated with subsurface drip irrigation 

In southern Arizona's dry climate, drip irrigation should be a natural 
choice for watering commercial vegetable crops and turf fields. Yet 
furrow irrigation still dominates, because it is a more established 
method, and because drip irrigation is perceived as being more 
expensive to install and maintain. 

Although subsurface drip irrigation systems are expensive to install, 
and do not necessarily result in water savings in turf, unlike in 
agricultural crops, research conducted at the UA's Karsten Turf 
Center for three years shows the following advantages of irrigating 
turf, according to Chris Choi, associate professor in the UA 
Department of Agricultural and Biosystems Engineering: 

Subsurface drip irrigation in turf and other crops reduces 
groundwater pollution by limiting the amount of fertilizer 
and pesticide leached into aquifers. 

There is no drift due to high winds; no runoff. 

No sprinkler heads are exposed, and thus below -ground 
equipment reduces chances for injury to people playing in 
parks and schoolyards, and the opportunities for vandalism 
are reduced. 

Buried drip tapes allow more efficient irrigation of irregularly 
shaped areas, where sprinklers often end up irrigating 
the sidewalk. 

When reclaimed water is distributed below ground, the 
potential risk of disease caused by bacteria and viruses is 

greatly reduced. 

Weed problems can be reduced. 

Subsurface drip irrigation can eliminate rot and watermarks 
on fences, walls, and sidewalks, a problem normally caused 
by sprinkler systems. In addition, the subsurface drip system 
delivers water only where it is needed without creating 
slippery wet areas on walkways and road surfaces. 

Safe and efficient fertilization occurs when fertilizers, added 
to a single inlet, flow directly to the roots, eliminating waste 
and avoiding human contact. 

Subsurface drip systems require low water pressure, which 
could reduce power costs. 

"In the Phoenix area, subsurface drip irrigation has been introduced 
for urban turf areas," Choi says. "Some systems have been successfully 
installed and managed for a decade. In other areas, where people fail 
to understand or maintain the system, they are very upset. We did 
this study with one graduate student and it took less effort than 
maintaining a sprinkler system." 
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Detecting a 
Virus 
in Calves 

' 

T to reduce economic losses from a livestock virus you need 
o know how the disease is spreading, and which animals 

are carrying it. Research underway at the University of 
Arizona Veterinary Diagnostic Laboratory (AzVDL), in coopera- 
tion with participating ranches in southern and south -central Ari- 
zona, will help veterinarians and ranchers understand more about 
the prevalence of bovine viral diarrhea virus (BVDV) in dairy 
and feedlot herds. 

A single cow or calf infected with BVDV can compromise the 
health of the entire herd, causing thousands of dollars in losses. 
So many other illnesses can result in cattle that are weakened 
with BVDV that it's difficult to determine the true extent and cost 
of losses due to the virus. Although the acute form of the disease 
may be mild and the animal may appear to have recovered, it 
can remain persistently infected (PI) and spread the virus in the 
dairy or feedlot, reducing milk production, retarding growth, 
causing reproductive failure, reducing immunity against other 
diseases, and increasing early mortality in calves. 

PI cattle can shed the virus in nasal mucus, saliva, urine and 
feces, even though they may not appear sick. By detecting these 
infectious animals early enough through testing, it may be pos- 
sible to reduce the incidence of the disease. 
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Slice of ear tissue placed on a slide and stained reveals the presence of bovine viral diarrhea virus in the areas stained red. 
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A cooperative project 
with Arizona 

ranches and dairies 

By Susan McGinley 

Matthew McDaniel, a graduate student and AzVDL technician/ 
research assistant, is working with Arizona Extension veterinar- 
ian Peder Cuneo; animal sciences associate professor Glenn Duff; 
AzVDL research scientist Robert Glock; and Veterinary Science 
and Microbiology department head Jim Collins to identify PI- 
BVDV dairy and feedlot calves. 

The test group involves approximately 3000 dairy calves and 
3000 beef calves. 

"Not enough studies have been done on BVDV, McDaniel says. 
Although the prevalence of calves persistently infected with 
BVDV tends to be low in southern Arizona, it's not clear how 
many calves below breeding age actually have it. "We're looking 
for persistently infected animals among Holstein calves in dair- 
ies, and composite and purebred beef calves in feedlots." 

The University of Arizona College of Agriculture and Life Sciences 



Ear notch sample taken from calf for BVDV testing. 

Beef ranchers are facing increasing chal- 
lenges in dealing with BVDV; some feed- 
lots will not accept cattle without a nega- 
tive test for BVDV. 

The researchers are employing an im- 
munohistochemistry (IHC) protocol to test 
the calves. 

"We use a tool similar to an ear -tagging 
device to take a small notch out the calf's 
ear," Cuneo says. "This tissue is immedi- 
ately fixed in formalin and taken back to 
the laboratory where it is sliced and 
mounted on glass slides for treating and 
staining." 

IHC methods test for the presence of 
certain proteins associated with the virus 
in cells or tissues. 

"We use antibodies on the tissue, add a 
substrate to make it fluoresce, and 
examine the slide under a microscope," 
McDaniel says. "Cells stained red indicate 
the presence of the virus." This method 
can even be used on stored tissues. 

"The advantage of using IHC is that you 
can go back to a tissue slide you collected 
20 years ago, stain it, and find what you're 
looking for today," Cuneo says. 

The testing is part of an overall strategy 
that includes measuring the performance 
of Holstein steers in crates, steers in neigh- 
boring crates, and performance in feedlots 
after removal from crates, if possible. The 
scientists will also attempt to identify the 

virus source herd for Holstein steers. 
For dairy calves that test positive for 

BVDV, follow -up virus isolation samples 
will be taken, and the calves will be 
watched for 60 days, with any deaths re- 
corded. The location (hutch) where the calf 
was held will be observed for related herd 
deaths. The participating calf growers 
have agreed to retain any PI animals to 
determine their performance and the per- 
formance of pen mates. 

If possible, the study will include fol- 
lowing the calves to stocker or feeder op- 
erations in the case of beef calves, or until 
they leave the calf ranch, in the case of 
dairy calves. 

The sampling began in fall 2004 after 
weaning. Although the full set of data 
won't be available until later in 2005, the 
producers involved in the study will be 
informed as the study progresses. 

"As we get samples we'll run them 
within a week or so and then relay the re- 
sults to the dairies," McDaniel says. 

The researchers intend to define the 
impact BVDV has on the Arizona cattle 
industry, and develop a plan of action to 
eliminate or minimize the problem in the 
state. 

"What we're doing involves getting the 
information out at the end," Cuneo says, 
"to get it back to the producers so they can 
do something with it." 

Pathobiology Graduate Program 
Applied MS Track 

Graduate student/technician Matthew 
McDaniel is conducting his research on 
bovine viral diarrhea virus as part of a 

new, more business or industry -ori- 
ented master's program offered through 
the Department of Veterinary Science 

and Microbiology. Faculty in the depart- 
ment offer graduate training programs 
in both a basic research track and in 

this business -oriented applied track. 

The MS degree in Pathobiology, Applied 
Track addresses the interests of stu- 
dents in applied research. Veterinary 
science involves a variety of basic sci- 

ence disciplines within animal health and 

disease, many of which are related to 
businesses such as animal production, 
health -related products, and disease 
control. Microbiology is one of the ba- 

sic foundation sciences of the rising bio- 
technology, pharmaceutical, and 
biologics industries. This program in- 
cludes business courses that will pro- 
vide students with basic business man- 

agement skills. 

The applied track is a rigorous educa- 

tional graduate track with required 
course work in both science and busi- 
ness and includes an applied /field project 
and report. The project is directed by 

one or more faculty, and may involve 
aspects of field work, product develop- 
ment and /or evaluation, or clinical re- 
search. 

The intent of the program is to train 
qualified students to respond to 
society's increasing needs in the rapidly 
changing applied biosciences including 
veterinary medicine, biotechnology, pub- 
lic health, and food safety. 

For more information contact the 
Pathobiology Graduate Program: 

(520) 621 -2355 

pbiol @email.arizona.edu 

microvet.arizona.edu/ 

CONTACT 

Arizona Veterinary Diagnostic Laboratory 
(520) 621- 2356 
microvet .arizona.edu /AZVDL /index.shtml 

Matthew McDaniel 
mdm @email.arizona.edu 

Peder Cuneo 
(520) 621 -5359 
cuneo @u.arizona.edu 
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Citrus Agricultural Center, 2004, looking north towards Maricopa Water District offices in dis- 
tance. 

Desert Citrus 
Research 

Studies assist commercial and backyard growers 

By Joanne Littlefield 

The miles of citrus orchards that 
used to stretch into the horizon are 
disappearing from the landscape in 

central Arizona to make way for houses. 
About 9,300 acres of citrus were harvested 
in 2003, down from 10,100 in 2001. Accord- 
ing to the Arizona Agricultural Statistics 
Bulletin, Arizona's orange, lemon, grape- 
fruit, and tangerine acreage in 2003 de- 
creased by 1, 200 acres from 2002. The to- 
tal value of all citrus production, at $40.3 
million was 28 percent less than the pre- 
vious year. Yet citrus production remains 
a viable agricultural venture in the state. 

From variety trials of crops that look 
promising for central Arizona farmers, to 
investigation of improved irrigation and 
fertilization practices, researchers at the 
40 -acre University of Arizona Citrus Ag- 
ricultural Center (CAC) attempt to inves- 
tigate anything that might help citrus 
farmers enhance profitability. Larger, 
higher quality fruit with greater yields per 
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tree for the fresh -fruit market is critical for 
farmers who want to stay in business. 

The CAC is one of two research farms 
operated by the UA College of Agricul- 
ture and Life Sciences that deal specifically 
with finding solutions to problems faced 
by citrus growers. Researchers at the Yuma 
Mesa Agricultural Center (YMAC) help 
farmers in the expanding citrus industry 
in the Yuma valley, where 18,000 acres of 
citrus were harvested in 2003. 

Farm manager James Truman has been 
at the CAC since the first citrus trees were 
planted at the facility in 1989. 

"Production of citrus is controlled in 
Arizona and in other parts of the world 
by climate," he says. "In Arizona you have 
to be a large -sized grower or a niche mar- 
keter to make ends meet." As with many 
agricultural crops, the net return per acre 
on citrus has been going down. "So you 
either expand, produce for a niche mar- 
ket or you get out of the business. In Yuma 

The University of Arizona College of Agriculture and 

County there's a lot of planting of citrus, 
so the acreage in Arizona overall has been 
stable for many years." 

The CAC is insulated from surround- 
ing development because it is situated on 
a small parcel of land owned by the 
Maricopa Water District, with headquar- 
ters just up the road. 

"They are updating that facility and we 
think they're here to stay," Truman says. 
"Since we're on a small spit of land that'll 
be hard to develop, we think we're here 
for a long duration as well." 

Consumer demand for loose -skinned 
mandarin oranges has increased recently 
in part because they're easy to peel and 
segment and have very few seeds. Those 
traits as well as a high fruit quality make 
them a good market commodity. Six man- 
darin cultivars were planted for evalua- 
tion at the center two years ago and have 
been able to withstand the summer heat. 

"We're hoping that at least several of 
these will produce well and be a possibil- 
ity for farmers to plant in the future," 
Truman says. 

The traditional method of irrigating cit- 
rus has been flood -irrigating by accessing 
water through ditches or wells and put- 
ting it onto the orchards via furrows, 
ditches or by flooding the entire area. This 
has been replaced with a more efficient 
method of micro-sprinlders. Almost all of 
the irrigation on new citrus orchards uses 
these small sprinkler jets -one or two 
plastic sprinklers connected to plastic hose 
or pipe. 

"You do need pumps and filters, so 
that's an added input expense," Truman 
says, "but we're finding that the savings 
of water and the convenience of the sys- 
tems is offsetting their initial expense." 

Fluid fertilizers can be also be added 
for more precise nutrient uptake. UA soils 
scientist Thomas Thompson is conduct- 
ing a five -year research trial at the CAC, 
looking at fertilization strategies for young 
trees under micro-sprinider irrigation. 

Besides citrus, the researchers observe 
the performance of deciduous fruit trees 
such as peaches, plums, nectarines, figs, 
apples, pluots (a combination plum and 
apricot), and Asian pears. They plant a few 
trees of each variety that local nurseries 
recommend for the southwestern climate. 
In the past, evaluations have included 
strawberries, blueberries, blackberries, ju- 
jube and jojoba, with varying rates of suc- 
cess. 

Results on some of the crops under scru- 
tiny at the CAC are obtained in a relatively 
short period of time, depending on the life 
cycle of the plant. Row crops such as 

Life Sciences 



strawberries produce in one season, while tree crops normally 
take years to produce. 

"We had a bad experience with a particular type of citrus that 
became very popular," Truman says, "an early variety naval or- 
ange called Fukumoto that had a lot of strong interest in Califor- 
nia. Thousands of acres were planted." After 8 -10 years the trees 
started showing signs of unsuspected decline and many of those 
acres had to be taken out. 

"When you're in the business of growing trees that will give 
you years of production and they die in their tenth year, you don't 
want to recommend them to farmers," Truman explains. "So we 
monitor production of varieties for many years before we rec- 
ommend them." 

While commercial farming is the main focus of research at the 
CAC, many of the growing practices can be adopted by the back- 
yard citrus grower. Each year the citrus center hosts well -attended 
seminars where university experts relay the latest growing tech- 
niques and varieties. 

"Some backyard growers can get a little more intensive with 
their production and do some things we wouldn't do in a com- 
mercial arena," Truman admits. "So they come to the university 
research people to find out how to control or monitor the situa- 
tions that they have." 

A common homeowner's question tends to be, "What's going 
on with my leaves ?" Often the response is that the deformed leaf 
is caused by the citrus thrips that feed on young leaves and fruit, 
creating cosmetic external damage. Truman says he doesn't rec- 
ommend that backyard citrus growers spray anything for these 
insects. 

"We tell them not to be too concerned with aesthetics, be con- 
cerned with the internal quality of fruit that the tree produces." 

For the commercial grower, however, the number one insect 
problem is the same citrus thrips- Scirtothrips citri (Moulton). 
The tiny 1/16-inch-long insect damages small fruit up to about 
1" in diameter. Beyond that size the rind is too hard, the tem- 
peratures are generally too high and the insects will go away. 

"We do apply some chemicals in commercial operations to keep 
insects off the fruit because consumers won't buy fruit with ex- 
tensive rind damage," Truman notes. In Yuma County thrips are 
sprayed more often because the growing conditions are differ- 
ent. 

UA entomologist David Kerns conducts ongoing research on 
chemicals that may be effective on citrus thrips in both central 

Micro sprinklers use a low pressure system (20 to 25 pounds per square 
inch of pressure) that puts out from 8 to 15 gallons of water per hour, 
spraying from 18 to 20 feet in diameter. 

Citrus Agricultural Center, Waddell, Arizona, 1992, facing north towards 
Maricopa Water District offices in distance. 

Arizona and the Yuma area. Most of the lemons grown in Yuma 
are grown for domestic and export fresh markets, which demand 
fruit free of cosmetic defects. Damage from citrus thrips annually 
results in millions of dollars in lost revenue due to scarred fruit 
and insecticide costs. Applications of insecticides for thrips con- 
trol vary from three to five per season depending on tempera- 
tures and thrips populations. Insecticides can be extremely costly, 
and over many years may be one of the greatest production ex- 
penses. 

The rapidly expanding organic fruit and vegetable market is 
the impetus for looking at organic methods of growing citrus. 
The CAC maintains an organic orchard area with one field of flood - 
irrigated Minneola tangelos comparing bare ground versus a cover 
crop, and another of Washington navels under micro -sprinklers. 

"The cover crop is good because we're looking for beneficial 
insects to reside in this cover crop and help control the number of 
detrimental insects that affect the citrus," Truman says. The pesti- 
cide -free projects are mowed to keep the weeds under control. 
Fruit quality and long -term production of the two regimes are 
monitored. 

CALS citrus specialist Glenn Wright has two projects at the CAC. 
One is evaluating different formulations of organic growth hor- 
mones on navel oranges to see which promotes retention of young 
small fruits on the tree, leading to a better crop. Although results 
are not compiled yet, preliminary findings indicate that organic 
growth hormones do tend to promote better sizing of the fruit as 
well as later ripening of the fruit. Wright's other project is evalu- 
ating 10 varieties of navel oranges to determine production lev- 
els and timing of harvest in the central Arizona climate. 

CONTACT 

James Truman 
jstruman @ag.arizona.edu 

Citrus Agricultural Center 
14642 N. Perryville Road 

PO Box 99 
Waddell, AZ 85355 
(602) 255 -3316 
cals .arizona.edulaes /centers.html #Citrus 
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Study examines impact 
of state's entire 

agribusiness system 

By Susan McGinley 

Housing tracts may be sprouting across Arizona, but 
so are cotton, lettuce and other crops, and cattle. 
In 2000, agricultural production contributed $3 bil- 

lion value added to the Arizona economy. Under 55 per- 
cent of this amount was remuneration of persons and capi- 
tal assets directly employed in agribusiness activity, while 
the rest -almost $1.4 billion- benefited other economic sec- 
tors linked with and impacted by agribusiness activity. 

This finding was reported in "Economic Impact from Ag- 
ricultural Production in Arizona," a study recently pub- 
lished by the University of Arizona Department of Agricul- 
tural and Resource Economics (AREC). Research specialist 
Jorgen Mortensen conducted the study using figures from 
the year 2000 for the impact calculations and from the past 
two decades for the historical context of Arizona agricul- 
ture. 

"This study examines the economic impact of the entire 
agribusiness system," Mortensen states in the report. "This 
is defined as the primary agricultural sector plus the closely 
related supply and processing industries that depend on 
agricultural activity in Arizona." 

The primary agricultural sector includes ranches, feed- 
lots, dairies and other cattle farms; pig, poultry, equine, api- 
culture (bees) and other livestock farms; farms with food, 
fiber, seed and feed crops; farms with tree nuts, fruit and 
berries; greenhouse and nursery operations. 

Cotton field in Graham County, Arizona 

The University of Arizona College of Agriculture and Life Sciences 



Buyers in other 
states and countries 

m 

V 

z 

Wholesale, retail, in -state final demand 

:ï./iirrenáàiostáï 

Processing of farm products 
(such as meat packers, grain 

mills, and cotton gins) 

Primary agriculture 
(plant and livestock farms) 

Input and service suppliers 
(such as feed, fertilizer, and 

energy firms; and farm services) 

< ,., t 

Exporters in other 
states and countries 

MIN 

Non -agribusiness firms 
(such as manufacturers, 

construction firms, insurers, 
pl and other services) 

Linkages among agribusiness firms and other Arizona industries. 

"Land in farms and ranches occupies 
27 million acres or 37 percent of 
Arizona's total area," Mortensen says. 
With 7,300 farms and ranches, the aver- 
age area per farm is 3,630 acres, which is 
8 times the U.S. average. The main rea- 
son for the difference is the predomi- 
nance of large cattle ranches in Arizona. 

Mortensen did not include groceries 
and restaurants as part of agribusiness 
in the study because "their activity tends 
to be independent of the geographical 
origin of the farm and ranch products," 
but he did consider industries that pack 
and process agricultural products and 
firms that directly supply farms with 
production inputs and services. In addi- 
tion to direct activity in agribusiness, he 
focused on indirect impacts related to 
utilities, transportation, warehousing 
and other goods and services that 
agribusinesses acquire from other sectors 
of the Arizona economy. 

"Beyond those economic ripple effects, 
additional induced impacts occur due to 
spending of incomes earned by people 
employed in agribusiness activities," 
Mortensen notes. His economic analysis 

revealed the following major conclu- 
sions: 

The value -added or economic im- 
pact from production agriculture in 
Arizona is $3 billion, which com- 
pares with a 2000 Arizona Gross 
State Product of about $155 billion. 

More than 72,000 jobs are created by 
Arizona's agricultural industry. For 
every job at farms and ranches, 21h 
jobs are created in the rest of the state. 

Economic benefits from 
agribusiness activity are crucial 
for local schools, public services, and 
the tax basis in rural districts and 
small towns. 

Agriculture plays a major role in 
the use and management of land 
and other natural resources. 

The direct, induced and ripple 
effects from Arizona's agribusiness 
amount to $6.6 billion measured on 
a total output basis. 

Mortensen explains that output, or to- 
tal sales, is the only feasible measure- 
ment of economic transactions among 

sectors, and output is therefore the main 
statistical basis for impact models. Yet 
output leads to double counting because 
part of total sales from one sector repre- 
sents production input in other sectors. 

"Value- added, (as used in the first bul- 
let above), avoids such double count- 
ing," Mortensen says. "It reflects better 
than output the direct economic activity 
in a sector, as created by employed per- 
sons and capital assets, and the impact 
exerted on other parts of the state 
economy." 

The research was funded primarily by 
a grant from the United States Depart- 
ment of Agriculture through the Arizona 
Department of Agriculture, with addi- 
tional financial support from the Arizona 
Farm Bureau, Arizona Cotton Growers, 
Arizona Cattle Growers, Agri- Business 
Council, Arizona Nursery Association, 
Western Growers Association, Arizona 
Agricultural Aviation Association and 
the Yuma Fresh Vegetable Association. 

"The study shows that the economic 
activity associated with agriculture re- 
mains important to Arizona's economy," 
says Alan Ker, AREC department head. 
It goes beyond crops and livestock. 

"Agriculture is much more than bread 
and butter," says Eugene Sander, vice 
provost and dean of the University of 
Arizona College of Agriculture and Life 
Sciences. "It comprises farm and ranch 
business families across the state. Agri- 
culture is embracing technology and re- 
search to produce high quality and com- 
petitively priced food and fiber, while 
adding significantly to Arizona's 
economy." L ÖJ 

"This study is important because 
it reminds people living in the 
metropolitan areas of the farmers and 

ranchers across the state and the 
major contribution they make to the 
economy of Arizona." 

-Don Butler, Director, Arizona 
Department of Agriculture 

CONTACT 

Jorgen Mortensen 
(520) 626 -3197 
jmortens @email.arizona.edu 

Alan Ker, Department Head 
Department of Agricultural and 
Resource Economics 
(520) 621 -6242 
aker @email.arizona.edu 

Copies of the report are available at 
cals.arizona.edu /arec /pubs /econimpacts.html 
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College of Agriculture and Life Sciences 
Research Awards 2003 -2004 

Outstanding Research Faculty of the Year 
Ron Allen, Professor, Department of Animal Sciences 

CONTACT 

Ron Allen 
(520) 621 -7626 
rallen @ag.arizona.edu 

Since arriving at the University of Arizona, Allen has been awarded more than $3.3 
million dollars in competitive grants and more than $50,000 in gifts and donations. 
He has an international reputation as a leader in muscle biology, has been awarded 
several NIH grants and has had continuous support from the USDA NRI since its 
inception. Allen has many intra- university, national and international collaborative 
relationships. He is a member of both the University of Arizona Interdisciplinary 
Nutrition Program and the Interdisciplinary Physiology Program. 

Allen's collaborative effort with professors Darrel Goll and David Hartshone cre- 
ates a core group that allows the University of Arizona to house one of the most 
prestigious and leading muscle biology programs in the world. He also has a long- 
standing relationship with Japanese muscle biologists from Kyushu University. Allen 
has been a member of or chaired more than 20 national and international committees. 

Allen has taught numerous undergraduate classes, has served as a member of many 
graduate student committees and is recognized as an excellent academic mentor. Three 
of his graduate students currently hold academic positions in colleges of agriculture 
at Penn State University, Washington State University and University of Vermont. 

Allen's dedication to the department, the College of Agriculture and Life Sciences 
and the University of Arizona is evidenced by his willingness to serve or chair nu- 
merous committees. His leadership skills were recognized by his recent appointment 
as associate head for the Department of Animal Sciences. 

Allen has published 47 peer- reviewed papers, five conference proceedings, and 
has given more than 40 invited presentations. Most recently he received the Ameri- 
can Society of Animal Science's prestigious Animal Growth and Development Re- 
search Award. His accomplishments are recognized around the world. 

Outstanding Research Staff 
Charles De Fer, Department of Agricultural and Biosystems Engineering 

CONTACT 

Charles De Fer 
(520) 318 -7163 
defer @ag.arizona.edu 
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De Fer is an instrument maker, a highly skilled machinist and welder in the depart- 
ment of Agricultural and Biosystems Engineering. He is skilled in operating all types 
of machinery and able to construct complicated agricultural machinery from scratch, 
sometimes with only a rudimentary plan and minimal guidance from the researcher. 
His skills and dedication ensure the success of instrument and machine related re- 
search projects. 

De Fer is respected among undergraduate and graduate students, faculty and staff 
because of the way he interacts with people. He is one who will go the extra mile. A 
natural teacher, he has dedicated his time and energy to interacting with graduate 
students and postdoctoral fellows. He listens, teaches students how to use equip- 
ment safely, and provides advice when asked. He helps students construct devices 
with an eye for quality, all the while encouraging them to learn. As a result, De Fer's 
advice on materials and construction methods is sought after and listened to by fac- 
ulty, staff and students alike. 

He has been observed working late into the night and over long weekends to make 
sure research projects are successfully completed. When researchers panic, De Fer 
simply, bears down and does all he can to solve their problems. According to one of 
his letters of recommendation, "Mr. De Fer's success [can be observed in] the line of 
graduate students, faculty, and Campus Agriculture Center employees lined up ev- 
ery morning for advice and help with their projects." "Charles can make things hap- 
pen. 

One faculty member wrote that he often speaks with De Fer to gather technical 
information and to estimate the budget when writing proposals. A graduate student 
wrote: "it is hard to find professors or mentors that have the willingness to take time 
out of their day, sit down and help you with a problem and not stop until you have 
accomplished a goal -Charlie is one of these few rarities!" 

The University of Arizona College of Agriculture and Life Sciences 



Outstanding Research Team 
Mount Graham Biology Program John Koprowski, Vicki Greer, Sadie Bertelsen, and Sarah King; School of 
Natural Resources 

(from left); Sarah King, Vicki Greer, John 
Koprowski. Not pictured: Sadie Bertelsen 

CONTACT 

John Koprowski 
(520) 626 -5895 
squirrel @ag.arizona.edu 

The purpose of this program is to conduct interdisciplinary research to increase 
understanding of high elevation ecosystems in the sky islands (mountaintop areas) of 
the desert Southwest. The program originated from a congressional mandate to moni- 
tor the endangered Mount Graham red squirrel as part of the Arizona -Idaho Conser- 
vation Act of 1988. The program monitors the impact of the Mount Graham Interna- 
tional Observatory on the montane ecosystem of the Pinaleno Mountains. 

Under John Koprowski's leadership the team has promoted stewardship of the for- 
est environment, and sound management of the Mount Graham red squirrel and other 
animal populations in the Pinaleno Mountains. Koprowski has promoted coopera- 
tion among the diverse groups interested in natural resources on Mount Graham. 
Because of this sound management, the public image of the College of Agriculture 
and Life Sciences and the University of Arizona has been greatly increased. 

Over the last four years this team has garnered over $1.3 million in extra- and intra- 
mural funding, produced two books and 27 research articles, given 31 presentations 
at professional meetings, and conducted seven tours of Mount Graham for visiting 
scientists. 

This program has also fostered involvement of students in research. Over the last 
four years, two students were involved in Ph.D. programs, six in master's programs, 
five undergraduate students conducted independent studies. The program also sup- 
ported 11 undergraduate students as part -time employees and 11 full -time field tech- 
nicians during this period. 

Koprowski and his team have fostered collaboration with other research units on 
campus such as the Stewart Observatory, Tree Ring lab, and Office of Arid Lands, and 
with research units in state and federal governments, including Arizona Game and 
Fish Department, US Forest Service, US Fish and Wildlife Service, and National Park 
Service. They have also developed collaborations with international scientists includ- 
ing those from The Centre for Life Sciences Modelling at the University of Newcastle 
upon Tyne in the United Kingdom, Sierra San Pedro Martir National Park, Mexico, 
and the National Observatory in Baja California Norte, Mexico. 

Arizona Agricultural Experiment Station 

Federal 
Appropriated 

$2.0 million (2.7 %) 

State 
$22.3 million (29.5 %) 

Total Research Funding 
Fiscal Year 2003 -2004 

($ 75.7 million) 

Sponsored 
$51.4 million (6 7.8 %) 

Sponsored Sources 
Fiscal Year 2003 -2004 

($51.42 million) 
Industry 

$1.71 million (3.3 %) 

Counties /Cities 
$0.66 million (1.3 %) 

State 
$2.47 million (4.8 %) 

Foundations/ 
Educational Institutions 

$0.77 million (1.5 %) 

Miscellaneous 
$0.56 million (1.1%) 

Federal Government 
$45.25 million (88.0 %) 
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