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S everal things come to mind upon review of the research topics selected for this g p p 

year's report. First, many of the studies were conducted in partnership with indus- 

try, the USDA -ARS and other agencies. Such alliances allow us to maintain an active 

program with ever -decreasing resources. We appreciate and acknowledge the 

contributions of our partners. 

Next, we are reminded that the College conducts a viable research program not only 

on campus but in all corners of the state; that all portions of the research spectrum 

are well- represented, from fundamental to applied; that there is a continuing empha- 

sis on quality of the environment; and that we are active players on the international 

scene. We must do all of this and at the same time maintain flexibility to respond to 

the next disease outbreak or the insect attacks that seem to occur all too frequently. 

The efforts of all involved - from conducting the research to preparing the following 

reports - are appreciated. As always, we encourage you to call or write if you wish 

to discuss any aspect of our program. 

Sincerely, 

Colin Kaltenbach, Director 
Arizona Agricultural Experiment Station 
kltnbch @ag.arizona.edu 
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Borrowing from Mother Nature 
Water Purification and Reuse in Tucson 

ater -short areas in the U.S. 
and around the world have 
turned to reclaiming 

wastewater as a way to increase water 
supplies. Thus metropolitan areas run 
wastewater through treatment plants to 
filter, clarify and disinfect it for reuse. 

To be legally safe, even for irrigation, 
this water must test free of toxic 
substances in dangerous 
concentrations. These include total 
organic compounds, excess nitrogen, 
and disease -causing organisms such as 
parasites, bacteria and viruses. One 
way to do this is to filter the water and 
then treat it with chemicals to eliminate 
as many of the dangerous constituents 
as possible. 

Another way, already established in 
Tucson, and under study here for 
nearly eight years, is soil aquifer 
treatment, or SAT. This method 
involves passing tertiary (filtered) 
water through a final filter of soil in an 
underground spreading facility. As the 
water moves through the soil, many of 
the harmful organisms die or adhere to 
the soil particles, allowing the now 
purified water to collect in the aquifer 
below. This method reduces the 
number and amount of chemical 
additives needed to purify the water. 

Charles Gerba, an environmental 
microbiologist in the Department of 
Soil, Water and Environmental Science 
at The University of Arizona, is part of 
a cooperative team of university and 
water industry scientists who have 
worked to improve wastewater quality 
by imitating nature. 

"Nature has been in charge of 
purifying water since time began," 
Gerba says. "We need to understand 
and use her tricks. We're trying to take 
Mother Nature's job and do it faster." 

The critical issue is figuring out how 
water is purified in nature without 
additives. In Gerba's's case, his 
specialty is pathogens, including viruses 
and particularly the parasites Giardia 
and cryptosporidium. Gerba is 
searching for the best ways to identify 
and eliminate these pathogens from the 
city's water supply. 

"We try to understand what happens 
to them and how we can optimize 
nature's system for removing them," 
Gerba says. "Somehow, they filter 
through the soil and die with no 
additives. The best thing is that Mother 

"Nature has been in charge 
of purifying water since time 

began," Gerba says. "We 
need to understand and use 

her tricks. We're trying to 
take Mother Nature's job 

and do it faster." 

Nature does this 24 hours a day: that's 
why I like natural systems." 

Gerba works with hydrologists Gray 
Wilson from the Department of 
Hydrology and Bob Arnold, from the 
Department of Chemical and 
Environmental Engineering; and with 
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Reclaimed water in use at a Tucson golf course. 

hydrologists from Tucson Water who 
approached the university several years 
ago for help. Wilson focuses on 
removing nitrate compounds from 
water; Arnold strives to eliminate total 
organic compounds such as dissolved 
organic carbon (DOC) and total organic 
halides (TOX). 

"We're helping growth in the urban 
areas by helping communities deal with 
their waste," Gerba says. "We are using 
soil science and irrigation issues - the 
agricultural sciences - to help urban 
environments reuse wastewater." 

The results of the monitoring at the 
Sweetwater Underground Storage and 
Recovery Facility in Tucson (see 
Sidebar) showed the facility provided 
safe, effective SAT for nonpotable water 

former UA graduate student Moysar Yahya with 

experimental infiltration basin at the Sweetwater 

facility in Tucson. 
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"We're helping growth in the 
urban areas by helping 

communities deal with their 
waste. We are using soil 

science and irrigation issues 

the agricultural sciences to 
help urban environments reuse 

wastewater." 

use. The researchers noted a complete 
removal of enteroviruses as they passed 
through the 37 -meter soil vadose zone. 
Groundwater samples held no Giardia. 
The two organic compounds were 
reduced by 92% (DOC) and 85% (TOX), 
and total nitrogen leached out 47% 
during recharge. 

"We can ensure the water will be safe 
to drink after we determine how much 
more treatment will be necessary," 
Gerba said. 

As a parallel to the field studies, 
Gerba and his associates have compared 
lab purification trials to the SAT process 
used at the Sweetwater site. 

"We've done lab studies, adding 
chemicals and organisms to water to see 
how well they're being taken out. Then 
we go out into the field to see how it's 
happening there and how well we can 
predict those results based on what's 
happening in the lab," Gerba says. "We 
found a significant difference after the 
effluent passed through the soil, 
compared to the lab methods." 

The beauty of the SAT system lies in 
both its natural process and its low cost, 
according to Gerba. "I like going 
through natural systems because you 
lose the identity of it being 
wastewater," he says. "Mother Nature 
helps it lose its identity. We also like to 
use them because they're inexpensive." 

Yet Gerba stresses that water quality 
comes before low cost. "Our goal is 
always to be at the forefront in using the 
latest technology to try to find disease - 
causing organisms," he says. "Water 
quality is always based on the assurance 
that you've done all you can with the 
latest technology. At the same time, we 
are looking for low -cost methods to 
filter and test the water. Right now, 
tests for viruses can cost as much as 
$1000 each." 

The large number of publications 
generated from the project offer other 
water -short areas some references to 
follow in establishing or improving 
their own treatment facilities. Gerba 
cautions, however, that every area is 
different and may need a slightly 
different system. Cities and 

The Study Location 

The heart of the system under study 
is the I 4-acre Sweetwater 
Underground Storage and Recovery 
Facility in Tucson. Tucson Water 
recharges tertiary effluent from its 
Reclaimed Water Treatment Plant 
(RWTP) to the Sweetwater location 
for soil aquifer treatment. 

The researchers performed field - 
scale studies at the site during four 
recharge seasons from 1989 through 
1993, and they continue to perform 
research at the facility today. They have 
monitored subsurface water in the 
vadose zone - the unsaturated layer 

of soil above the water table - and 
they sampled the groundwater 
underlying one of the basins. 

The scientists wanted to determine 
the fate of nitrogen, selected organic 
compounds and pathogens as they 
passed through the soil aquifer 
treatment process. These substances 
pose the greatest harm to humans if 
the water is used for drinking water 
purposes. In California, both Los 
Angeles and Orange counties have used 
reclaimed water as drinking water for 
years, according to Gerba. Tucson may 
follow suit in a few more decades. 

governments from Arizona, other states 
and other countries have contacted him 
for guidance. 

"The size of this project just gets 
bigger," Gerba says. "It has expanded in 
magnitude over the years. Since this 
work, we're now in a research 
arrangement with the City of Phoenix, 
and with Los Angeles and Orange 
County." The research has drawn 
international recognition and requests 
for advice from water -short areas 
around the world. Gerba has served as a 
consultant on SAT projects in Israel, 
Greece, Mexico and Australia. 

"Can we use this wastewater to 
irrigate playgrounds? That's the 
question Tucson Water asked ten years 
ago," Gerba says. "Tucson leads the 
nation in the intensive study of soil 
aquifer treatment. When people ask, 'is 
it safe,' we feel we've done the studies, 

we have the data to back it up, and 
we've been asking every critical 
question we can think of. I think we 
really have to give Tucson Water credit 
for that - for being willing to ask those 
critical questions ahead of time." 

- Susan McGinley 

Contact Charles 
Gerba in the 
Department of Soil, 

Water and 
Environmental 
Science, The 

University of 
Arizona, 429 
Shantz Building, 
Tucson, Arizona, 85721, (520) 621- 
6906, gerba @ag.arizona.edu. 

Agricultural Experiment Station Research Report 5 



Is It Really "In the Genes "? 
Exploring Genetic Connections to Hyperactivity in Youth 

ou've often heard it said, "It 
must be in the genes." But is it 
really? A Family Studies 

researcher wants to find out. He is 
exploring the association between 
genes found in cheek cells and 
hyperactivity behavior in children, ages 
6-16. His answers may prove whether 
or not the age old adage is true. 

David Rowe, a professor in the 
Division of Family Studies in the School 
of Family and Consumer Resources, is 
researching the relation of childhood 
hyperactivity and conduct disorder to 
particular genes. Rowe collaborated 
with Irwin Waldman, an assistant 
professor of psychology at Emory 
University, on a project sponsored by 
the Harry F. Guggenheim Foundation. 

"We are looking at genes that are 
expressed in the brain," Rowe states. 

David Rowe is researching the 
relation of childhood 

hyperactivity and conduct 
disorder to particular genes. 

"These genes are most likely to 
influence behavior disorders." 

Rowe is interested in several genes 
related to the brain chemicals 
dopamine and serotonin. One gene is 
the dopamine transporter gene. "The 

transporter gene carries dopamine back 
into a cell," Rowe explains. "It has a role 
in modulating communication among 
brain cells." He adds that the dopamine 
transporter gene appears to be the 
"target" of several drugs. One drug of 
abuse, cocaine, is believed to inhibit the 
transporter gene. 

To begin learning about this gene, 
Rowe first needed DNA samples from 
children and their parents. These were 
not difficult to obtain. Subjects involved 
in this study took a mouth wash of 
water, with a dash of sugar added, to 
donate some of their cheek cells. The 
mouth wash was spun down in a 
laboratory to yield the cheek cells, and 
DNA was then extracted from them. 

Many children involved in Rowe's 
study have been seen in a clinic or by a 
private psychiatrist for behavior 
disorders. Other children were control 
subjects, or those children in the 
community without known behavior 
disorders. Most of the 191 children 
involved were boys, Rowe says. 

"We wanted to compare children 
with and without behavior disorders," 
Rowe says. "We had DNA from both 
groups, so the next step was to find out 
what the genes each had." 

To do this, Rowe used PCR 
(Polymerase Chain Reaction), a method 
used to amplify genes. The dopamine 
transporter gene comes in two forms, 
labeled "10" and "9 ". PCR reveals 
which gene a child inherited from his 
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Craig Stever, research 

technician, sets up 

samples to be tested for 

genetic traits. 

father and mother. A previous study 
had found that the 10 form of the gene 
was associated with increased 
likelihood of hyperactivity. Rowe was 
able to confirm this discovery. 

"If a gene is causing a particular 
disorder," he says, "you'd expect this 
gene more often in affected children 
than in unaffected ones. In our own 
study, we found that the 'ten' form was 

Subjects involved in this study 
took a mouth wash of water, 

with a dash of sugar added, to 
donate some of their cheek cells. 

more common in children with the 
symptoms of hyperactivity and conduct 
disorder than in the control children." 

Rowe also looked at parents who had 
one 10 form and one 9 form. In this 
circumstance, affected children were 
more likely to have inherited the 10 
form. For control children, the chance of 
getting one gene or the other was 50:50, 
the same as a coin flip. 

"The aim of my research is to find 
genes associated with behavior. I regard 
this work as basic science," he states. 
"We are just beginning to learn about 
how genes affect behavior. While the 
public should not expect miracle 
therapies from these early discoveries, 
they may form the basis of new 
treatments in the future." 

- Crystal Renfrow 

The University of Arizona College of Agriculture 

Contact David 
Rowe at the 
Division of 
Family Studies, 

School of 
Family and 
Consumer 
Resources 
Building, The 

University of 
Arizona, 
Tucson, AZ 85 72 I, 
dcr09 I @ccit.arizona.edu. 



High -End Produce 
The Role of Fruit in Snacking and Gift -giving in Japan 

Asingle perfect cantaloupe, 
circled with a ribbon and nested 
in its own wicker gift basket, 

retails for $100 to $250 in Japan. That 
same melon - even as a gift - would 
cost less than $10 in the United States, 
depending on its weight. Both countries 
value high quality produce as gifts, but 
in Japan, something more is at stake. 
Perfect fruit is part of an elaborate, 
formal tradition of gift -giving among 
the Japanese. 

Ken Gehrt, and Soyeon Shim, both 
faculty members in the School of Family 
and Consumer Resources at The 
University of Arizona, are examining 
the ways the Japanese select and enjoy 
fruit. They say the results of their 
USDA -funded study will provide a 
window for U.S. fruit growers, 
exporters and distributors to view and 
assess their strategies regarding the 
Japanese snack and gift markets. 
Ultimately, they want to determine the 
attributes of fruits that make them 
desirable in the Japanese market. 

Japan currently imports more fresh 
fruit from the United States than from 
any other country, although 
competition from other world markets 
has increased in the last few years. 
Imported U.S. fruit includes tangerines, 
bananas, grapes, melons, apples, 
grapefruit and watermelon, among 
others, and canned fruits. 

The two College of Agriculture 
researchers, who work in the Division of 
Retailing and Consumer Studies, visited 
Tokyo in December 1995 to begin their 
study of market niche opportunities for 
U.S. fruit exports to Japan. Their timing 
enabled them to observe one of the 
country's major gift -giving seasons, 
"oseibo," in full swing. 

"We found that the Japanese gift 
market is the largest in the whole 
world," Shim says. "It's in daily life. 
The Japanese gift calendar is very 
extensive." It includes two main gift - 
giving seasons: "oseibo" in the winter 
and "ochugan" in the summer. Both 
seasons last about six weeks and 
involve formal gift -giving. 

"Formal means everything has to be 
in a package," Shim explains. "Fruit 
plays a big role during these two 
seasons." Numerous other occasions 
scattered throughout the year call for 
gifts as well. Centuries -old standards of 
quality for all gifts, including fruit, 
emphasize appearance and packaging 
as much as substance. High quality gifts 
symbolize gratitude, honor and 

Centuries -old standards of 
quality for all gifts, including 
fruit, emphasize appearance 
and packaging as much as 

substance. 

hospitality when exchanged between 
families, business contacts, and 
community members. 

As a snack, fruit also plays a different 
role in Japan than in the United States. 
The Japanese typically consume fruit in 
the evening, always peeled and cut up, 
and not as part of a meal. Gehrt and 
Shim found the nature of snack 
products is much healthier in Japan 
than in the United States. Chips, dips 
and other high fat foods are not 
common, although they are catching on. 
Still, tossing an apple into a lunch sack 
to eat out of hand is foreign to the 

"The fruit is beautiful, blemish -free 

and uniformly sized. It's packed 

well, usually individually wrapped, 

and produce prices are high." 

A $250 cantaloupe rests in a wicker basket at a 

Tokyo market. 

Japanese, who treat fruit less casually 
than Americans do. 

To find out more about produce 
handling in Japan, Gehrt and Shim 
visited the Tokyo Metropolitan Central 
Wholesale Market and other produce 
markets, both wholesale and retail. 

"We felt it was essential for us to have 
first -hand experience to learn how these 
fruits are distributed in Japan," Gehrt 
says. "We needed to understand their 
retail structure as well." While on the 
tour, they noticed that even at the 
wholesale level, the produce is handled 
meticulously. 

"There's a saying in Japan, that the 
Japanese eat with their eyes," Gehrt 
notes, "and from the appearance of the 
fruit, we found that was true." 

"The fruit is beautiful, blemish -free 
and uniformly sized," Shim adds. "It's 
packed well, usually individually 
wrapped, and produce prices are high. 
Expensive fruit is all over the place, and 
right nearby." 

High quality produce is sold at corner 
markets, mom -and -pop type stores, and 
even special upscale fruit markets called 
fruit parlors. Shoppers can buy small 
bags of tangerines and apples for 
around $20 or individually wrapped 
finer specimens for $7 each and up. 
Honeydews and cantaloupe command 
the highest prices, and they are readily 
available. 

"There is a $100 cantaloupe within 
walking distance for just about anybody 
in Japan," Shim says. 

For either purpose - gift -giving or 
snacking - Shim and Gehrt learned 
that the Japanese consumer looks for 
fruit with no pesticide residues 
(preferably no pesticides used at all), 
and no wax. 

Agricultural Experiment Station Research Report 7 



"The Japanese are very concerned 
about pesticide residue and wax on U.S. 
produce," Shim remarks. "Organic fruit 
is becoming more popular." 

During their stay, Gehrt and Shim 
conducted focus groups with the help of 
Japanese facilitators - marketing 
personnel from one of the largest 
Japanese marketing firms in Tokyo - to 
determine which fruits were most 
popular. They wanted to define the 
criteria the Japanese use in selecting 
fruit for different occasions. The 
researchers asked two groups of 
housewives from the Tokyo area about 
Japanese snacking and giftgiving habits. 
(Women normally do the food and gift 
buying in Japan.) 

"First, we wanted to generate a list of 
products the Japanese would consume 
as a snack and give as gifts," Gehrt says. 
"Then we used that wide variety of 
products to ask for the situations that 
would cause people to choose one item 
over another." 

With the information gathered from 
the focus groups, and the help of 
translators, the researchers drafted two 
questionnaires before they left Japan, 
one on snacking and the other on gift - 
giving. The surveys were sent to two 
sets of 1,500 housewives in major 
Japanese cities in May 1996. 

"This study will provide an intimate 
portrait of the Japanese as fruit 
consumers," Gehrt and Shim say. "It 
will give us an idea of how to position 
American fruit for the Japanese 
consumer. We will learn which 
products we are competing against in 
the Japanese market." 

- Susan McGinley 

Contact Soyeon 

Shim and Ken 

Gehrt in the 
Division of 
Retailing and 
Consumer 
Studies, The 

University of 
Arizona, SFCR 

121, PO Box 

2 I0033, Tucson, 

AZ 85721. 
Shim: (520) 621- 
8696, or shim@ 
ag.arizona.edu. 
Gehrt: (520) 
621 -1295, 
gehrt@ 
ag.arizona.edu 

Survey Results: 
Selected Findings 

The Japanese gift -giving survey 
was conducted among 388 
Japanese housewives in 11 

metropolitan cities. Japanese 
consumers rated the 
appropriateness of 18 gift 
alternatives (including 6 fruits) in 
8 scenarios. The scenarios 
consisted of combinations of the 
following situational factors: 

I . Age: Is the recipient older or 
younger than the giver? 

2. Affiliation: Is the giver's 
relationship to the recipient 
formal (business associate) or 
informal (friend, family 
member ?) 

3. Context: Is the occasion a 

home visit, or part of a gift - 
giving season? 

On the basis of this data, gift items 
were situationally characterized in 

terms of the three factors above and 
then clustered based on the 
similarity of their situational 
characterizations. The findings 
showed that fruits did not 
necessarily compete with each 
other. 

One cluster of competitive gift 
products did consist primarily of 
fruits as well as fruit juice. This 
cluster of products was appropriate 
for occasions in which the recipient 
was younger than the giver, and a 

person with whom the gift -giver had 
an informal relationship. 

Grapes fell into a cluster that 
included non -fruit items, such as 

western style sweets, rice cakes and 
flowers. Situationally, the cluster 
was particularly appropriate for 
occasions involving home visits. 
Cantaloupes landed in a cluster 
labeled high luxury. It included one 
other item high -end Japanese 
sweets. The cluster was appropriate 
for occasions in which the recipient 
was older than the giver and a 

person with whom the gift -giver had 
a formal relationship. 

This segmentation scheme which is 

situationally- oriented (in contrast to 
conventional product- oriented or 
consumer demographic- oriented 
schemes) sheds new light on how to 
position products in the Japanese 
market. 

Stopping a killer 
Before It Starts 
Tracking the Tristeza Virus 

first sight, it looks like a small 
tick. Yet this dark -colored aphid 

as the potential to cause 
considerable damage to, if not wipe out, 
the entire citrus industry in Arizona. 
The brown citrus aphid (BCA) is a 
vector of the citrus tristeza virus (CTV), 
which, depending on its strain, can kill 
a citrus tree in one to two years. 
( "Tristeza" is a Spanish word meaning 
sadness.) 

Millions of citrus trees have died in 
Brazil, Spain and Argentina, resulting 
from the BCA invasion, since the 1930s. 
Its ability to efficiently transmit CTV 
from one tree to another makes the 
aphid's potential to destroy the Arizona 
citrus industry very real, according to 
Zhongguo Xiong, an assistant professor 
in the Department of Plant Pathology. 
He is working with other University of 
Arizona College of Agriculture faculty 
and personnel from the Arizona 
Department of Agriculture, hurriedly 
testing thousands of citrus trees to 
detect the amount and strains of the 
tristeza virus that may already be here. 
In particular, Xiong is studying the 
effectiveness of several tests to detect 
the incidence of CTV in Arizona's citrus. 

In November 1995, Florida citrus 
officials found nearly 40 colonies of the 
brown citrus aphid in fruit fly traps 
during routine inspections. The 
discovery of the aphid came nearly five 
years earlier than most of the Florida 
and even the Arizona citrus industry 
had suspected. Thus Xiong believes that 
it will not be long before the aphid 
makes its way into Arizona. 

"When BCA was first introduced 
from South Africa into Argentina and 
Brazil," Xiong states in a written article, 
"the severe strains of CTV transmitted 
by BCA nearly wiped out the entire 
citrus industry." 

The citrus industry in those two 
countries took years to rebuild, 
according to Xiong and other scientists. 
With the recent discovery of the aphid 
in Florida, concern for the BCA's arrival 
to Arizona continues to grow. 

"The tristeza virus is a very serious 
disease," Xiong says. "Since the virus 
was detected, it has changed the nature 
of the citrus industry. The brown citrus 
aphid is an efficient vector of this virus, 
meaning that the insect can spread the 
disease more effectively than aphids 
that are already common to citrus." 

8 The University of Arizona College of Agriculture 



Researchers know that the BCA's 
potential as a vector can produce 
explosive results. "This pest has a 
tremendous ability to transmit the 
tristeza virus," says Mark Wilcox, 
agriculture agent with the Yuma 
County Cooperative Extension office. 
"The virus is particularly destructive to 
citrus grown on sour orange rootstock, 
but other rootstocks are also susceptible 
to varying degrees. CTV is the single 
most important economic disease of 
citrus. Its host range is limited to citrus 
and citrus relatives." 

The concern is not over which strain 
the aphid will carry with it from 
Florida, but how much of the local virus 
the aphid can spread when it comes to 
Arizona. There are currently two strains 
of the virus found in Arizona, primarily 
from Meyer lemon trees. One is severe, 
the other is mild. Many Arizona citrus 
trees have scions and rootstocks that are 
quite susceptible to the severe strain of 
CTV. Tristeza occurs in many forms, 
known as strains or isolates: there are 
approximately 150 known strains of the 
virus recorded at USDA /ARS 
Laboratories, according to Xiong. 

"The severe strain can kill trees on 
sour orange rootstock within one to two 
years," he states. "The mild strain can 

The concern is not over which 
strain the aphid will carry with 
it from Florida, but how much 

of the local virus the aphid 
can spread when it comes to 

Arizona. 

affect the yield of fruit from a tree and 
tree growth. The severe strain also 
results in stem -pitting on grapefruit and 
sweet orange trees where the virus 
destroys the vascular system which is 
the blood vessels of the tree." 

Often, CTV is called the HIV/ AIDS of 
the citrus industry. Given the right 
conditions, much like the HIV /AIDS 
virus, BCA can transmit the citrus 
tristeza virus from an infected tree to a 
non -infected tree. 

One assay test Xiong is using to 
diagnose CTV is the enzyme -linked 
immunosorbent assay test, commonly 
called ELISA. The methods involved in 
using the ELISA test is similar to tests 
used to find the HIV antibody in human 
blood samples. 

"We put ground -up samples of citrus 
leaves on a microtitre plate," Xiong 
states. "We then mix the sample with 
antibodies that will recognize the viral 

The brown citrus aphid is 12 to 15 times more 

efficient as a vector than is the cotton aphid. 

protein from the leaf samples and bind 
to it. The antibodies are also linked to 
an enzyme that can turn a colorless 
chemical to a yellowish color." It is this 
color that reveals the presence of CTV. 
With antibodies that recognize different 
CTV strains, researchers can determine 
the strain of tristeza found in that 
particular tree. 

"Traditional diagnosis of CTV relies 
on a plant indicator assay. It takes a 
long time for the indicator plant to show 
any signs of the virus in it," Xiong says. 
"This is one of the primary methods, 
though, being used for the Budwood 
Certification program in Arizona. By 
grafting budwood from a citrus tree to a 
series of indicator plants, the virus will 
usually produce visible signs of itself 
within three to six months. With the 
ELISA method, the diagnosis can be 
completed within twenty -four hours." 

According to Xiong, the ELISA test 
can be used to help identify the 
distribution of mild and severe strains 
of CTV found in Arizona. Xiong is also 
interested in other tests that can be used 
to detect which particular strain of CTV 
can be found in the tree. 

The Immuno Dotblot test produces 
results like the ELISA test but by a 
different method. The ELISA test relies 
on ground up samples of the tree's leaf. 
With the Immuno Dotblot test, 
surveyors retrieve a small sample of the 
leaf by a simple procedure. They slash a 
leaf petiole and press the fresh cut 

Given the right conditions, 
much like the HIV /AIDS virus, 

BCA can transmit the citrus 
tristeza virus from an infected 

tree to a non -infected tree. 

surface to nitrocellulose, which is 
likened to a thin paper. 

"We have to slash the leaf petiole to 
obtain saps from the leaf. Once the saps 
are transferred to the nitrocellulose, 
they can be processed in laboratories," 
Xiong explains. "In this test, antibodies 
that recognize CTV are linked to an 
enzyme which emits light under certain 
conditions. When we put an x -ray film 
on top of the paper -thin nitrocellulose, 
the light generated by the enzyme 
produces some dark spots in the x -ray 
film. The dark spots indicate the 
presence of CTV in particular samples. 
This test is easy because samples can be 
collected and processed in the field, 
which allows us to process a larger 
number of samples." 

Monoclonal antibodies, which are 
essential to determining if CTV is in a 
citrus tree, can differentiate between 
severe and mild strains. Xiong says that 
other antibodies can also detect viral 
proteins within a citrus leaf. 

All of this detection work is needed to 
identify sources of the virus and 
eliminate them. Once the disease enters 
a tree, nothing can be done for it. 

"Once a citrus tree has been infected 
with the tristeza virus, there is no way 
to cure the disease from the tree," he 
states. "You either live with it or 
destroy the tree." 

The tristeza virus has been found in 
several citrus trees in Arizona within 
the last year. "Although we have found 
severe strains of the virus in Arizona, 
we are not sure how widely spread the 
tristeza virus is," Xiong says. "It will 
probably be the urban trees that have 
the most severe strain in them." 

Xiong says there is a need to identify 
the source of the virus, whether it is 
from a grove or backyard, in order to 
take the appropriate action before the 
brown citrus aphid arrives. - Crystal Renfrow 

Contact Xiong in the 
Department of Plant 
Pathology, Forbes 
Building, Room 204, 
Tucson, Arizona, 
8572 I , (520) 62 I- 
9869, zxiong 
@ag.arizona.edu. 
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IGRs Bring Relief in the War against the Whitefly 
A New Approach 

Cotton growers were a lot happier 
this season as the cotton harvest 
got underway. The reason for 

their smiles? Two novel insecticides 
helped them to come out ahead this 
season in the battle against the silverleaf 
whitefly. 

In the 1995 season many growers 
endured several replantings of their 
crop, bad weather and a high level of 
whitefly infestations. Yet in 1996, 
growers around the state experienced a 
dramatic decrease in the number of 
insecticide sprays due to the 
cooperative efforts of The University of 
Arizona College of Agriculture, USDA, 
the Arizona Department of Agriculture 
and the Arizona Cotton Growers 
Association to obtain emergency 
registration for the use of two new 
products known as insect growth 
regulators (IGRs). IGRs are innovative 
insecticides that disrupt growth and 
development of insects but are 
relatively safe to humans and the 
environment. 

Many researchers believe that IGRs 
have the potential to revolutionize 
integrated management of cotton in the 
state. But, according to Tim Dennehy, 
group leader of the UA Extension 
Arthropod Resistance Management 
Laboratory, growers must be careful not 
to overuse the IGRs lest they find 
themselves again facing a resistance 
treadmill. 

"At this time last year (1995), many 
growers in central Arizona faced high 
resistance to insecticides from the 
silverleaf whitefly," Dennehy explains. 
"Some growers were making eight to 
twelve insecticide applications, 
spending in excess of two hundred 
dollars per acre." 

Growing resistance of the whitefly 
to insecticides made it necessary to 
apply products more often, at higher 
rates and in mixtures of products. This 
only further disrupted biological control 
of the whitefly and accelerated the loss 
of chemicals to resistance, Dennehy 
comments. 

"A large project conducted at the 
Maricopa Agricultural Center (MAC) by 
the cooperating agencies, revealed the 
need for additional tools to manage the 
growing whitefly problem," says Peter 
Ellsworth, an Integrated Pest 
Management specialist in the 
Department of Entomology who is 
located at MAC. "That is why we 
supported the section eighteen petition 
this year, presented before the EPA to 

IGRs are innovative insecticides 
that disrupt growth and 

development of insects but are 
relatively safe to humans and 

the environment. 

get approval of Applaud and Knack, 
with a use pattern of one spray each per 
season." 

Applaud is a chitin synthesis 
inhibitor which interferes with molting. 
Knack is a juvenile hormone mimic 
which impedes insect development; 
disrupting egg fertility, egg hatching 
and metamorphosis. 

"This year, whitefly treatments in 
central Arizona have been reduced 
remarkably to two to four sprays, in 
many of the same fields that were 
requiring eight to twelve treatments in 
1995," Dennehy states. "What's more, 
many Cooperative Extension agents and 
members of the Arizona Cotton 
Growers Association found that natural 
enemy levels in Arizona cotton fields 
are the highest they have observed in 
many years." 

Dennehy says that much of the 
success of the IGRs and reduced 
whitefly sprays can be attributed to the 
cooperative efforts of the many agencies 
that worked together to solve this 
problem. 

"These IGRs were most effective 
when incorporated into an integrated 
pest management strategy," says Jon 
Diehl, an assistant in Extension. "The 
proper use of IGRs required growers to 
sample both whitefly nymphs and 
adults and spray only levels exceeding 
thresholds. This practice can delay the 
need for other, more disruptive 
insecticides while conserving beneficial 
insects. All of this together with some 
timely local rains lowered the number 
of whiteflies throughout central 
Arizona." 

"What we saw this year with the 
IGRs could have not been scripted 
better," Ellsworth says. "The IGRs 
worked better than expected. We told 
everybody that if we could get through 
July with six weeks of whitefly control 
using both IGRs, we'd be okay. As it 
was, we got up to eight weeks of control 
in many cases. They performed better 
than what we had hoped for or 
predicted." 

Both Dennehy and Ellsworth 
caution against overconfidence. While 

the two IGRs worked effectively at 
combating the whitefly, growers must 
stick to the plan for using IGRs in order 
to maintain the effectiveness of the 
products. 

The prescribed practice of spraying 
once per season will help preserve the 
effectiveness of the insecticides and 
limit the possibilities of the whiteflies 
building resistance. What was seen in 
cotton fields around the state, say 
Dennehy and Ellsworth, showed that 
the IGRs are extremely effective in 
managing whitefly populations. 

"Our ultimate resistance 
management objective is to identify and 
implement sustainable use patterns for 
whitefly insecticides," Dennehy says. "It 
is for this reason we are suggesting 
once -per- season use of Applaud and 
Knack, and why we wish to limit and 
diversify our total insecticide regime in 
Arizona cotton. Doing so avoids putting 
too much pressure on any given group 
of chemicals." 

Dennehy states that the once -per- 
season recommendation is based on 
experience with the IGRs elsewhere in 
the world. "If the IGRs are approved for 
more applications than once per season, 
resistance problems will be incredibly 
hard to combat and that's a risk we 
shouldn't take," he says. 

If the IGRs are limited to a once - 
per- season use then these products 
could last five to 10 years longer with 
the same efficacy, Dennehy adds. And 
that would be bring even more smiles to 
Arizona cotton growers. 

- Crystal Renfrow 

Contact T.J. Dennehy at the Department 
of Entomology, The University of 
Arizona, Tucson, AZ 8572 1-0036, (520) 
621 -7124. 

Contact Peter Ellsworth and Jon Diehl at 
the Maricopa Agricultural Center, 37860 
W. Smith -Enke Road, Maricopa, AZ 
85239 -3010, (520) 568 -2273. 
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There's a New Breed Coming to Town 
Developing New Pima Cotton Varieties 

sk Hal Moser, an assistant 
research scientist with The 
University of Arizona 

Department of Plant Sciences, what a 
cotton plant is and he can tell you. One 
or two thousand times over. To date, 
that is how many experimental varieties 
he and his research team have bred in 
their search for a new variety of Pima 
cotton. Moser heads the College of 
Agriculture's newly revived Pima 
Cotton Genetics and Breeding Program 
at the UA Maricopa Agricultural Center 
(MAC). 

The Breeding and Genetics Program 
was previously a part of the USDA/ 
ARS applied research programs. After 
cuts in applied research programs at the 
federal level, the UA continued with the 
project in 1994. The College of 
Agriculture and the Agricultural 
Experiment Station have had a role in 
the USDA /ARS Pima Cotton Breeding 
Program for several decades, Moser 
says. The current program is funded by 
the Delta & Pine Land Company, which 
will receive first refusal rights to an 
exclusive license to sell newly 
developed varieties. The UA will hold 
the patent on it. It's expected that a new 
variety of UA- developed Pima cotton 
will be released in 1999 or 2000. 

This is the third season in the 
program's quest to breed a progeny that 
will become the newest variety of Pima 
cotton. From 45,000 cotton plants to the 
current 1,000 experimental varieties 
planted on two 25 -acre plots at MAC, 
Moser and his team of research 
assistants and technicians are looking 
for that special "yellow rose" that will 
captivate the Pima cotton world as 
much as the popular S -7 variety did in 
1991. 

Known as Gossypium barbadense, Pima 
cotton is characterized by its silk -like 
yet strong fibers known as staples. 
These fibers are in high demand for 
products like sewing thread, shirting, 
combed cotton sheets, and fine -knit 
goods. In particular, high quality shirts 
and select home furnishings keep the 
market for this crop very lucrative. Yet 
in Arizona, obtaining the best market 
price has not always been beneficial to 
the Arizona Pima cotton grower. 

"This year (1996), there were an 
estimated forty thousand acres of Pima 
cotton planted in Arizona," Moser says. 
"Compare that to nearly two years ago 
when acreage planted in Arizona was 
forty -eight thousand. Growers have had 

It's expected that a new 
variety of UA- developed Pima 

cotton will be released in 

1999 or 2000. 

a lot of problems with the plant's lack of 
heat tolerance and susceptibility to late 
season insect pressure which have 
resulted in low yields at harvest time." - 

The plant's inability to produce a high 
lint yield under heat stress and high 
insect pressure has caused many 
growers to drop their acreage of Pima 
cotton altogether. Within the last five 
years, the total acreage planted to Pima 
has dropped from 106,000 in 1991 to 
48,600 in 1995. And the numbers may 
continue to decrease, according to 
Moser, since the plant cannot hold up to 
the high night temperatures typical in 
central Arizona. High night 
temperatures will cause many plants to 
shed their squares, flowers and small 
bolls, which will decrease the lint yield. 

That is why, Moser says, 80 to 90 
percent of the cotton grown in Arizona 
is Upland cotton. It is known for its heat 
tolerance, but also has shorter fibers of a 
slightly coarser texture. Products like 
cotton balls, most fabrics, cotton pants, 
socks and T- shirts are made from this 
type. Upland cotton prices usually run 
lower than those for Pima. 

Moser's program seeks to retain the 
best characteristics of Pima S -7 cotton, 
while obtaining and improving still 
other characteristics, through the 
following goals: 

gaining a higher lint yield; 
retaining or improving the superior 

fiber quality; 
gaining greater heat tolerance; 
achieving early maturity that 

produces a good yield in a short 
amount of growing time. 

"Therefore, this is a process of 'try, 
try again'," Moser says. "You have to 
keep planting and growing cotton, in 
this case, Pima cotton, to make sure it 
keeps all of the desirable characteristics 
of its original." 

The last variety of Pima cotton to be 
released by a public program was Pima 
S -7 in 1991. Breeding cotton is an 
applied, meticulous process, some of 
which is done by trial and error, 
according to Moser. 

"It's a long process, from the cross - 
pollination of cotton varieties in the 
greenhouse, to production of a new 

The yellow cotton "rose." 

variety that can be planted in the field, 
especially if you start working with 
more than forty thousand individual 
plants," he says. 

The breeding process begins in the 
greenhouse where plants are cross - 
pollinated to obtain a seed that has the 
potential to become a new variety. 

"Currently, we cross -pollinate two 
different varieties that are used now or 
varieties that existed in the past," Moser 
states. "Then we take the offspring we 
produce from the hybrid seed and plant 
them in the field. From there we select 
the offspring that produced well in the 
field, with the objectives we are looking 
for, and hopefully continue for two or 
three generations until we develop 
hundreds of new experimental lines 
that produce a high lint yield and have 
superior fiber quality." 

Moser adds that it takes an additional 
two to three years of field testing those 
experimental lines before they find a 
successful variety that they believe will 
produce well. Initially, most of the field 
testing is being done at MAC. As they 
draw closer to finding the new variety, 
the planting of 10 to 20 select lines will 
expand to seven sites, five in Arizona 
and two in California. "All of this to get 
one new variety," he says. 

USDA geneticist Richard Percy, who 
is also located at MAC, is cooperating 
with Moser on the Breeding Program. 
Both are conducting a study, in 
cooperation with Peter Ellsworth, a UA 
entomology specialist with the 
Department of Entomology, on different 
variations of Pima cotton to determine 
its susceptibility to the whitefly. 
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"It's a long process, from the 
cross -pollination of cotton 

varieties in the greenhouse, to 
production of a new variety 

that can be planted in the field, 
especially if you start working 
with more than forty thousand 

individual plants." 

"One long -term goal we have is to 
produce a variety that is tolerant to the 
whitefly," Moser says. "The growers 
who actually grow the variety that we 
develop will determine the success of 
our program." 

While it's a process that takes years, 
breeding cotton is what Moser has 
chosen as his life's work in order to 
have that one variety that will meet and 
exceed growing expectations. 

As a scientist breeding a new variety 
of Pima cotton, Moser knows it's not a 
matter of "presto, chango and you got 
it." "It may take me years to find that 
particular breed or variety that will 
have growers beating down our door to 
get it," he said. "I'll probably be doing 
this until I am eighty. But that's OK, 
because I love what I do." 

- Crystal Renfrow 

Contact Hal 
Moser at the 
Maricopa 
Agricultural 
Center, Research 
Division, 37860 
W. Smith -Enke 
Road, Maricopa, 
AZ 85239 -3010, 
(520) 568-2273 Ext. 253 

Transgenic Cotton 
A New Tool to Fight the Pink Bollworm 

Each year thousands of research 
hours and hundreds of thousands 
of research dollars are spent to 

battle caterpillars that love to eat cotton. 
The pink bollworm, saltmarsh 
caterpillars, and beet armyworms have 
rapidly chewed their way through acres 
of cotton, in some years totally 
decimating a crop. Cotton growers fight 
to produce a salable product using 
chemical sprays, natural controls, 
cultural practices, pheromones (insect 
mating hormones) and monitoring. 

After years of development, a 
completely new kind of tool is available 
for Arizona growers to use in warding 
off the pink bollworm, one of the state's 
major cotton pests. Transgenic cotton, a 
genetically engineered cotton, carries its 
own insecticide within the plant tissues 
(See Sidebar). 

To study the effects of transgenic 
cotton in the field, a unique team of 
university, USDA and seed industry 
scientists have come together with 
growers and consultants from cotton 
commodity groups and other 
organizations in Arizona. Cooperating 
institutions include The University of 
Arizona, Arizona Cotton Growers 
Association, Arizona Cotton Research 

Transgenic cotton, a 

genetically engineered cotton, 
carries its own insecticide 
within the plant tissues. 

and Protection Council, Arizona 
Department of Agriculture, Cotton 
Incorporated, USDA /ARS 
(Agricultural Research Service) Western 
Cotton Research Laboratory, and 
USDA/APHIS. 

These groups are studying the 
effectiveness of Bt cotton against the 
pink bollworm and other insects, its 
yield and cultural characteristics, insect 
resistance management, and how the 
cotton works in combination with other 
control measures. They are also 
working with local growers to promote 
area -wide cooperation in fighting cotton 
insects. A community -wide approach 
results in greater insect control, 
according to previous studies in 
Arizona. 

UA entomologist Peter Ellsworth 
points out that Bt is a larvicide only. 
"The toxin must be ingested to kill the 
insect," he says. "Therefore it does not 
affect adult insects." He also notes that 

the bacterium kills only lepidopteran 
larvae (caterpillars); it is not effective on 
other important cotton pests such as 
lygus bugs, whiteflies (see IGR story in 
this issue) or thrips. 

Ellsworth stresses that, because the 
insect must feed to be killed, monitoring 
strategies must be adjusted. "There 
should be less reliance on adult 
monitoring, damage symptoms and 
detection of small larvae for triggering 
supplemental insecticide sprays," 
Ellsworth says. "Counts in Bt cotton 
should consider only those bolls which 
harbor live, large larvae." Smaller 
larvae are often present in Bt cotton but 
rarely survive to adulthood. 

Reducing or even eliminating 
pesticide spraying in transgenic fields 
will allow beneficial insects to survive 
where previously they were killed along 
with the pink bollworm when 
insecticides were sprayed. The helpful 
insects prey on cotton pests and can 
decrease their populations below 
damaging levels. 

UA cotton agronomist Jeff Silvertooth 
has monitored the growth 
characteristics and yield of several Bt 
cotton lines at the Maricopa 
Agricultural Center and several other 
locations for the last three years. He has 
taken side -by -side measurements and 
comparisons of Bt and non -Bt cotton 
plants, and believes them to be equal 
agronomically. 

"It is important to remember that the 
new Bt lines are very similar to 
companion non -Bt lines," Silvertooth 
says. Other than a slow start early in the 
season for some of the new varieties, 
the Bt varieties Silvertooth has observed 
appear to do just as well overall in 
growth and yield as non -Bt cotton. "I 
see that as a general line or variety 
characteristic, not a Bt connection," he 
explains. 

In comparing yields of Bt cotton with 
those of non -Bt cotton, Silvertooth has 
found promising results. "Bt cottons are 
yielding as well as non -Bt lines in 
Arizona, and in many cases they're 
performing better than their non -Bt 
counterparts," he says, "presumably 
because they are suppressing the 
lepidopteran pests and reducing 
damage to the crop." 

Silvertooth advocates a conservative 
approach to planting the new varieties. 
"When first planting Bt varieties I 
would go to the better fields with the Bt 
cotton, and leave the tougher spots of 
the farm for varieties the growers are 
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more familiar with," he says. "There's 
some merit to taking time to get used to 
these lines, just as with any new variety." 

Approximately 70,000 acres were 
planted to Bt cotton in the state of 
Arizona in 1996. According to 
Silvertooth, he would not be at all 
surprised to see an increase to 150,000 
acres or more in 1997, with as much as 
50% of the state's cotton acreage planted 
to Bt varieties. 

- Susan McGinley and Joanne Littlefield 

Contact Jeff Silvertooth in the 
Department of Plant Sciences, Forbes 
2 14, The University of Arizona, Tucson, 
AZ 85721, (520) 621 -7616, 
silver @ag.arizona.edu. 

Contact Bruce Tabashnik in the 
Department of Entomology, Forbes 
4 I OA, The University of Arizona, Tucson, 
AZ 85721,(520)621-115I, 
brucet @ag.arizona.edu. 

[See contact information for Dennehey, 
Ellsworth, Diehl on page 10.] 

Managing Insect Resistance to Bt Cotton 

While recognizing that transgenic plants are one of the biggest developments in insect 
pest management in the past three decades, some scientists worry that it might turn 
out to be a short -lived success. Tim Dennehy, group leader of the UA Extension 
Arthropod Resistance Management Laboratory, emphasizes that putting this 
environmentally safe insecticide into cotton plants results in the equivalent of spraying 
fields with the toxin every day of the season. 

"I put a lot of faith in history, and since the late 1940s almost every pesticide that 
has been used many times per season was rendered ineffective by resistance in a 

matter of a few years," Dennehy says. 
USDA scientist Alan Bartlett shares this concern and has conducted studies that 

confirmed the expectation that the pink bollworm has the potential to become 
resistant to the newly developed transgenic varieties. Bartlett and Dennehy are 
collaborating with the Arizona Cotton Growers Association to monitor the 
susceptibility to Bt of pink bollworm collected from the major cotton production 
areas throughout Arizona. 

Producers of Bt cotton have devised resistance management strategies for Bt 
cotton. They require that growers plant either a 4% or 20% refuge of non -Bt cotton 
within their Bt cotton acreage. In these refuges pink bollworms can grow without 
being selected for resistance by Bt. 

"This is not a bad idea," Dennehy states, "however, there may be better solutions 
for Arizona. We need to comply with the Monsanto strategy while still evaluating the 
merits of other strategies, such as seed mixtures, area -wide use of Bt, alternating 
years of Bt use, and mixtures of Bt cotton with other environmentally -safe 
technologies." Such strategies, he asserts, might double or triple the effective life of 
this valuable new technology. 

Theo Watson, a retired UA entomologist who still works with growers also agrees 
that there may be better ways to use Bt cotton. He has researched mixtures of non - 
Bt and Bt seed and found that a 90% Bt/ 10% non -Bt mix held up consistently to 
lepidopteran attacks, especially in the late season when pink bollworm pressure was 
high. Although Bt cotton is particularly effective against the pink bollworm, Watson 
found that it is also knocked down populations of the cotton leaf perforator and beet 
armyworm. 

Bruce Tabashnik, the new head of the UA Department of Entomology, is a 

recognized world expert on management of Bt resistance. He agrees with the urgent 
need for scientific study of Bt deployment strategies. 

"Pest resistance is inevitable, but good management can substantially extend Bt's 
effectiveness," Tabashnik says. "Growers, seed companies, government agencies, and 
university scientists must work together to carefully track pest responses to different 
deployment patterns of Bt cotton. 

"The potential gains from this teamwork are enormous," Tabashnik states. "What 
we learn in the next few years in Arizona can help to sustain the profitability not only 
of the currently available Bt cotton, but also other transgenic cottons and other 
transgenic crops that will be central to agriculture of the 21st century." 

How Bt Cotton Was Developed 
About ten years ago, Monsanto scientists 
inserted a toxin gene from the bacterium 
called Bt (which is the nickname for 
Bacillus thuringiensis) into cotton plants to 
create a caterpillar- resistant variety. The 
gene is DNA that carries the instructions 
for producing a toxic protein. The toxin 
kills caterpillars by paralyzing their guts 
when they eat it. Plants with the Bt toxin 
gene produce their own toxin and thus 
can kill caterpillars throughout the season 
without being sprayed with insecticide. 

Because the toxin is lethal to caterpillars, 
but harmless to other organisms, it is safe 
for the public and the environment. 

Monsanto registered their Bt gene 
technology under the trademark 
Bollgard®, and authorized selected seed 
companies to develop cotton varieties 
carrying the patented gene. In 1995 the 
EPA granted final clearance for the first 
Bt- carrying cotton variety, called 
NuCOTN, released by the Delta and Pine 
Land Company. Other seed companies 

such as Stoneville and Hartz are 
incorporating the patented technology 
into their cotton lines as well. 

After the seed technology was 
developed, and enough seed was 
available, tests began in Arizona at The 
University of Arizona Maricopa 
Agricultural Center and other locations 
to determine the field performance of the 
new varieties. By 1996, these first Bt 
cotton varieties became commercially 
available. 
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Larkins Elected to the National Academy of Sciences 

Brian Larkins has spent 20 years 
researching the regulation of seed 
development and the synthesis of 

storage proteins in developing seeds. In 
particular, he has focused on improving 
the amino acid content in cereal grains 
and legumes. His research has signifi- 
cant implications for human nutrition, 
particularly in developing countries. 

Larkins, a University of Arizona plant 
scientist known for his research on the 
nutritional quality of cereal grains, was 
elected to the National Academy of 
Sciences on April 30, 1996. Larkins is a 
faculty member in the Department of 
Plant Sciences, and has an adjunct 
appointment in the Department of 
Molecular and Cellular Biology. 

Election to membership in the 
Academy is considered one of the 
highest honors a U.S. scientist or 
engineer can achieve. Larkins was 
among 60 new members and 15 foreign 
associates from eight countries 
recognized for their distinguished and 
continuing achievements in original 
research. 

"The award is given for a 
longstanding record of accomplishment 
through high quality research, and for 
commitment to the field of science," 
says Robert Leonard, head of the 
Department of Plant Sciences. "Brian 
exhibits both of these attributes." 

"Brian is one of the nation's leading 
plant molecular biologists," says 
Eugene Sander, dean of the College of 
Agriculture and vice provost of the UA. 
"His work on protein quality in corn is 
a real contribution to agriculture on an 
international scale." 

Larkins holds a Ph.D in botany from 
the University of Nebraska (1974). From 
1975 to 1976 he was a postdoctoral 
research associate in biochemical 
genetics and plant physiology at Purdue 
University. He taught and conducted 
research at Purdue in the Department of 
Botany and Plant Pathology, where he 
became professor of biochemical 
genetics in 1984. 

In 1988 Larkins left Purdue and came 
to The University of Arizona, where he 
served as head of the Department of 
Plant Sciences from 1988 to 1994. In 
1995, he became the first holder of the 
Porterfield Chair, an endowed position 
in that department. The funds 
generated from this endowment 
support Larkins' research program on 
seed storage proteins. 

"Seed storage proteins are the most 
abundant protein in the seed, and as 

(left) Three corn cobs show differing 

amounts of lysine. The cob on the 

left has a normal amount. The center 

segregating cob has both normal and 

high lysine kernels and the cob full 

of opaque kernels, on the right, has 

a uniformly higher lysine content 

than the first two. 

(above) Cross sectioned kernels from 

the segregating ear: the lighter 

kernel has a higher lysine content. 

such they are the principal determinants 
of the protein nutritional quality of the 
seed," Larkins says. 

Many areas of the world lack the 
natural and financial resources to grow 
the variety of crops needed for balanced 
protein, and thus must rely on grain 
crops deficient in one or more of the 
eight amino acids the human body 
cannot produce. Most cereal grains are 
deficient in the essential amino acids 
lysine and tryptophan. Children in 
developing countries are particularly 
susceptible to such dietary deficiencies. 

In 1994, Larkins and two colleagues 
were recognized by the Arizona 
Innovation Network as "Innovators of 
the Year" in the Medical /Biotechnology 
Product category. They developed a 
simple way to estimate the quantity of 
lysine in corn kernels. This technique 
can assist plant breeders in developing 
maize and other cereal grains with a 
higher content of lysine in the seed. The 
method will help offset nutritional 
deficiencies in both human and 
livestock diets that are based primarily 
on cereal grains. 

"The development of staple cereals 
with balanced amino acid content will 
have an enormous impact on human 
and livestock nutrition," Leonard says. 

On a worldwide level, the technique 
has direct implications for improving 
the quality of grains grown in areas 
where people cannot afford to grow 
multiple crops. Lacking a variety of 
protein sources, such populations 
develop deficiencies in amino acids 
missing from the foods they eat, 
according to Larkins. 

"If you could naturally produce an 
amino acid balanced grain, the impact 
on world food problems would be 
tremendous," Larkins says. "We've 
developed a very simple assay to give 
us an indication of the lysine content of 
the seed. To date, it has been cost 
prohibitive to use this type of selection 
for breeding nutritional quality in 
grains. 

"Our method enables a breeder to 
process several hundred seed samples 
in a couple of days. The other method 
can take weeks, and the results are more 
difficult to reproduce," Larkins says. 
The simplicity of the method should 
make it attractive to breeders, who 
analyze thousands of seed samples 
annually. 

The National Academy of Sciences is 
a private organization of scientists and 
engineers dedicated to the furtherance 
of science and its use for the general 
welfare. Established by a congressional 
act of incorporation signed by Abraham 
Lincoln in 1863, the Academy acts as an 
official adviser to the federal 
government, upon request, in any 
matter of science or technology. - Susan McGinley 

Contact Brian Larkins 
in the Department of 
Plant Sciences, Forbes 

303, The University of 
Arizona, Tucson, AZ 
85721 or call (520) 
621 -1945. E -mail 
larkins@ 
ag.arizona.edu. 
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Safford Agricultural Center Celebrates 50th Anniversary 

e success of an experiment station 
lies in its ability to respond to the 
problems of local growers. This 

year, the 63 -acre Safford Agricultural 
Center commemorates 50 years of 
successful practical research in Graham 
County. Initiated in 1946 by the College of 
Agriculture, the station celebrated its 
anniversary on October 2 in conjunction 
with a cotton field day. 

"The Center has a long history in 
support of agriculture in this area of the 
state," says Eugene Sander, Dean of the 
College of Agriculture regarding the 
anniversary. "The faculty and staff are to 
be congratulated for a job well done." 

The Safford Branch Experiment Station 
was acquired with state and Graham 
County Farm Bureau funds. Since its 
inception, the facility has provided 
research and service to farmers in a wide 
area, including Graham, Greenlee and 
Cochise counties. 

Crops include long and short staple 
cotton, durum and winter wheat, barley, 
amaranth, alfalfa, beans, fruit trees, 
pecans and pistachios. Acreage is also 
planted to kenaf, an alternative fiber for 
making paper, and vernonia, an oilseed. 

"There is little doubt that the Safford 
Agricultural Center has contributed 
significantly to the economic well -being 
of Graham County and the surrounding 
area," says Colin Kaltenbach, director of 
the Arizona Agricultural Experiment 
Station. "We are pleased to recognize this 
contribution on the Center's 50th 
anniversary." 

The station has made specific 
contributions in raising crops under the 
same saline conditions local growers face. 
The founders chose the site deliberately 
because of the unfavorable salinity and 
highly alkaline characteristics in its soil 
and water. The on -site well supplies the 
facility with water high in salt. 

"In past years the experiment station 
has served an important function in 
testing crops such as sugar beets, rice and 
safflower to verify their feasibility in the 
high deserts of southeast Arizona," says 
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The station has made specific contributions in raising crops 
under the same saline conditions local growers face. 

Lee Clark, director of the Safford station. 
"We have tested controversial issues 

like row -spacing and the application of 
methanol and other plant growth 
regulators to crops and alternative crops. 
These studies have saved area growers 
countless thousands of dollars in the 
prevention of practices that don't work." 

UA agronomists, soil and water 
scientists, plant pathologists, weed 
specialists, entomologists, plant scientists 
and other faculty have studied ways to 
raise successful commercial crops under 
these regional conditions. They have 
shared their findings with local growers 
through such hands -on means as 
workshops and field days. 

Solving problems in cotton is a 
particular focus. UA researchers conduct 
research on all aspects of cotton farming: 
soil conditions, fertilizing, weed and 
insect control, row spacing, breeding, 
planting dates, varieties, rotations and 
irrigation. 

Long -staple cotton breeding began 30 
years ago at the Safford station, and 
continues today. Research faculty also 
cooperate closely with the New Mexico 
Crop Improvement Association in testing 
New Mexico Acala cotton varieties 
throughout southeastern Arizona. 

"Our greatest contribution has 
probably been in the area of variety 
testing, both on the station and in 

farmers' fields throughout Graham, 
Greenlee and Cochise counties," Clark 
says. "The varieties of upland cotton, 
Pima cotton, alfalfa, wheat, beans, barley, 
sorghum and corn that are currently 
grown in the area are mainly those that 
have demonstrated their strengths in our 
variety testing programs." 

The Safford Ag center has three 
licensed weather observers and has 
reported weather information to local, 
state and national agencies for 48 years. 

"We have been strong supporters of the 
University's AZMET weather system and 
routinely use its computerized data to 
schedule irrigations, watch for pest 
emergence and explain why crops grew 
and yielded as they did," Clark says. 

The present staff includes a director, 
farm manager, secretary and three farm 
hands. 

Contact Lee 

Clark at the 
Safford 
Agricultural 
Center, P.O. Box 
1015, Safford, 
85548-1015, 
(520) 428 -2432. 

- Susan McGinley 
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The V Bar V Ranch 
An Agricultural Experiment Station for Northern Arizona 

e University of Arizona has 
established a new agricultural 
research center dedicated to 

addressing environmental, wildlife and 
domestic livestock issues applicable to 
Arizona and the Southwest. The UA 
College of Agriculture acquired the V 
Bar V Ranch in Coconino and Yavapai 
counties in January 1995 from Ben and 
Betsy Zink on a gift /purchase basis. 

Along the Mogollon Rim, the 57- 
pasture grazing allotment runs about 30 
miles east from Camp Verde and varies 
between four and five miles in width. 
Slightly more than forty acres is private 
land, with the remainder held under 
lease from the U.S. Forest Service. 

With elevations ranging from 3200 to 
7000 feet, the ranch allows the UA 
College of Agriculture to expand its 
experiment station network to include 
higher elevation ecosystems. Other 
research stations are currently located at 
lower elevations in Yuma, Pinal, Pima, 
Santa Cruz and Graham counties. 

In addition to 550 cattle, the ranch is 
also home for a wide variety of wildlife, 
ranging from mammals, birds and fish 
to reptiles and amphibians. Vegetation 
zones, including high desert chaparral, 
pinyon - juniper woodland, and pine 
forest, are typical of those on most of 
the commercial ranches in central and 
northern Arizona. 

Eugene Sander, Dean of the College 
of Agriculture, believes the ranch offers 
a unique opportunity to study natural 
resource, wildlife and livestock issues. 
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"The ranch is an ideal 
outdoor laboratory," he 
says. "The data we gather 
on -site will be applicable 
to a majority of the 
ranches in northern 
Arizona. And with the 
elevation gradient, our 
work will apply to 
ranchland at each of 
those elevations. For 
example, data collected 
on grasses growing on 
the high end of the ranch 
will apply to high 
altitude conditions on 
neighboring ranches." 

The V Bar V is 
managed through the 
Agricultural Experiment 
Station, a branch of the UA College of 
Agriculture dedicated to research. 

"We're able to look at livestock 
production, range management, wildlife 
populations and wildlife /livestock 
interactions, natural resource 

With elevations ranging from 
3200 to 7000 feet, the ranch 

allows the UA College of 
Agriculture to expand its 

experiment station network to 
include higher elevation 

ecosystems. 

conservation and related issues on 
property that is under our control," said 
Colin Kaltenbach, Director of the 
Agricultural Experiment Station. "We 
haven't been able to do this before." 

Because the V Bar V is a fully 
operating, working ranch, research 
performed there will involve an applied 
approach to problem -solving, rather 
than laboratory studies in basic science, 
according to Kaltenbach. The College of 
Agriculture hopes to develop a full 
range of teaching, extension and 
research activities on the property, 
including field laboratories for on- 
campus students, workshops and short 
courses for community members, and 
cooperative research with other 
universities and government agencies. 

As part of a university, the ranch will 
ultimately benefit the students who take 
advantage of the opportunity to study 
there. 

"I see this as a place where our 
students can get first -hand experience 
learning how to appreciate and solve 
the issues and problems contemporary 
ranchers face," says Roy Ax, Head of 
the UA Department of Animal Sciences. 
"We need to take the newest scientific 
developments that affect the ranching 
community and use the ranch as an 
opportunity to demonstrate their 
feasibility." 

Faculty and students will staff the 
ranch and conduct research in the 
various disciplines of agriculture, 
including but not limited to animal and 
plant science, veterinary science, 
renewable natural resources, 
agricultural economics, soil and water 
science, and agricultural engineering. 

"I have seen a tremendous amount of 
enthusiasm for this activity from our 
alumni, extension faculty, the ranching 
community, and state and federal 
agencies," Ax says. 

- Susan McGinley 

For more information, contact Colin 
Kaltenbach, Director, Arizona 
Agricultural Experiment Station, Forbes 
31 4A, The University of Arizona, 
Tucson, AZ, 85721, (520) 621 -7201, 
kltnbch @ag.arizona.edu, or check the V 

Bar V web site at ag.arizona.edulvbarvl 
index.html. 

The University of Arizona College of Agriculture 



Breed Performance 
Comparisons 

The Department of Animal Sciences 
maintains a herd of up to 500 cows on 
the ranch, divided equally among three 
breeds: Hereford; Braford (a Brahma - 
Hereford cross); and a composite breed. 

"We're comparing the performance of 
the three breeds," says Roy Ax, 
department head. "Over the long haul 
we want to keep three genetically diverse 
herds on the ranch at all times." While 
there will always be I50 Hereford cows, 
the other breeds will change. "When we 
get down to 50 cows of a group we'll 
replace that group with 150 new animals 
for the first time," Ax explains. "The 
Hereford herd will be the gold standard, 
so to speak. We will always compare two 
different types against the Hereford." 

Biotechnology Tools 
To enhance breeding and fertility, DNA 

fingerprinting will be incorporated into 

Watershed 
Protecting a watershed - land that 

collects rainfall or snowmelt involves 
finding ways to manage runoff. On the V 
Bar V, faculty in the School of Renewable 
Natural Resources (SRNR) are analyzing 
areas that might be in danger of 
conducting water off the land too quickly. 

"We're doing a hydrological 
assessment to get an idea of water 
resources on the allotment," says George 
Ruyle, a range management specialist in 

the SRNR. "In particular, we're working 
on a fairly detailed assessment of the 
Wickiup Draw area to see if anything can 
be done to protect that draw from 
further head cutting." 

Head cuts occur when land cracks, 
forming gullies. These often can grow 
longer and larger over time. A head cut 
may be caused by either human or 
natural forces. Once head cutting starts, 
gullies will continue to deepen and widen 
until they reach a natural equilibrium. By 
that time, water that may have done the 
surrounding vegetation and wildlife some 
good is lost because it courses too 
quickly and heavily in one place to be 
absorbed into the soil over a wider area. 

"We're attempting to determine the 

V 

V ...- Cow Herd Activities 

the ranch management program. This is a 

method of confirming parentage through 
a sire or dam. In addition, Ax plans to use 
a fertility test he and a team of 
researchers have recently developed. 

"We would like to put this test to 
work on the ranch to make sure we're 
only using high conception sires," Ax 
says. "You can get a larger calf crop from 
a higher fertility bull." Higher conception 
bulls means fewer bulls need to be kept 
on the ranch. They can be replaced with 
more cows and calves - the real 
economic producing units on a ranch - 
to increase the beef output. 

Electronic Eartags 
To make both management and 

research easier, electronic eartags have 
recently been installed in the herd. 
Computer chips embedded in the tags 
enable ranch hands and researchers to 
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download information regarding each 
animal. Operators hold an electronic 
wand about 18 inches from the tag and 
watch the readout for that cow appear 
on a computer screen nearby. 

"If you have a question about a cow, 
you can wave the wand over her and find 
out how she did last year," Ax says. "It 
gives us an immediate database on 
individual cows." It is also a lot safer for 
the people who work the animals. "You 
don't get injured trying to read an eartag 
off a squirming animal in a squeeze 
chute," Ax says. 

Range and Watershed Activities 
size of the watershed drainage area and 
the extent to which it extends above and 
below the current head cut," Ruyle says. 

"Where we can, we may try to disperse 
the water into areas other than right 
down the middle of the gully." 

Vegetation Monitoring 
To study the condition and availability 

of range plants on the ranch, UA 
scientists are using transects. These are 
created by pacing along predetermined 
lines and measuring vegetation at regular 
intervals. Along these transects, 
researchers note the different plant 
species, and the number of each of those 
species; they also describe soil conditions. 

"We're selecting and putting in the 
vegetation analysis and soil surface 
analysis transects at various locations 
throughout the ranch," Ruyle says. "We'll 
use those to monitor range trends. 
We're also putting in utilization cages at 
various locations to get a better handle 
on forage utilization by elk and cattle." 
Utilization cages are small moveable cages 
that allow researchers to compare 
undisturbed range plants inside the cages 
with those that have been eaten by 
grazing animals in the area outside the 
cage. 

The scientists are also locating 
historical exclosures (larger, permanent 
caged areas already established on the 
ranch) and sampling vegetation inside and 
outside those as well. 

Databases 
UA researchers are compiling and 

developing GIS (geographic information 
system) databases for the ranch. They are 
combining existing U.S. Forest Service 
data with data they are developing on 
their own. This map -based data (i.e., 
topography, soils, roads, fences, 
vegetation, geology, etc.) will give 
university faculty and local state and 
federal resource managers decision 
making tools for managing natural 
resources. 

Agricultural Experiment Station Research Report 17 



v Natural Resources 
Ranch Tour 

On May 18, 1 996, this tour offered 
hands -on learning about ranch and 
range environments to nearly 200 
participants of all ages. After boarding 
buses in Flagstaff, Prescott, Camp 
Verde and Payson, they were 
transported to the V BarV where they 
broke into smaller groups and rotated 
among different locations on the 
ranch. 

At each location, field educators and 

experts in natural resources guided 
the attendees through various 
activities focused on the relationships 
of water, livestock, range, forestry and 
wildlife issues to sustainable rangeland 
resources.They measured tree heights; 
identified the skulls of various wildlife; 
examined soil types; and studied the 
way a cow's rumen digests forage, 
among other things. 

Throughout the day, children and 
adults of all ages interacted outdoors 
with the UA College of Agriculture 
Extension, research and academic 
faculty, and with members of Arizona 
Game and Fish and the U.S. Forest 
Service. Lunch and refreshments were 
provided at the ranch headquarters. 

The event was open to teachers, 
students, 4 -H leaders and members, 
ranchers, and organizations or 
individuals interested in experiential 
learning about the environment. 

Extension faculty are currently 
designing a self -guided auto tour of 
theV BarV. 
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Lettuce and Lemons 
Low Desert Irrigating and Fertilizing 

urna produces a major portion of 
the nation's winter lettuce and 
lemons. At the same time, 

growing these crops in the desert's 
warm climate requires a lot of water. 
Production agriculture in general used 
81% of the total water consumed in 
Arizona, according to a 1990 figure. 

How can growers use less water and 
still produce high quality vegetables 
and citrus in the desert? Two series of 
experiments in progress at the Yuma 
Agricultural Center (YAC) are testing 
ways to improve water efficiency. 

"The objective of this 
multidisciplinary project is to evaluate 
and develop efficient irrigation practices 
for vegetables and citrus in the low 
desert regions of Arizona," says Charles 
Sanchez, soil scientist and director of 
the YAC. 

"We're being challenged to use 
resources more effectively, both water 
and fertilizer," he explains. "Water 
conservation is of paramount 
importance not only to save water but 
to enhance the efficient use of fertilizer 
as well. When you use water efficiently, 
it enables you to use fertlizer more 
effectively, particularly nitrogen." 

Inefficient irrigation contributes to 
nitrogen losses from soils. As growers 
add more nitrogen, the excess may 
leach into the groundwater. Irrigation 
practices in some areas of Yuma also 
contribute to salt loading in drainage 
water flowing from Arizona to 
farmland in Mexico, according to 
Sanchez. Properly managed irrigation 
can reduce these losses, and research in 
progress may identify methods and 
strategies that can produce crops of the 
highest yield and quality at the lowest 
cost to both the grower and the 
environment. 

UA faculty have designed a series of 
experiments in Yuma to test different 
types of irrigation in a field setting. The 
research analyzes and compares 
pressurized irrigation systems, such as 
microsprinklers and buried drip, with 
traditional furrow and flood irrigation. 
Yuma growers commonly furrow 
irrigate lettuce and flood irrigate 
lemons. 

UA faculty involved in the project 
along with Sanchez include John 
Palumbo, entomologist; Mike 

Automated fertilizer injection system 

Matheron, plant pathologist; Paul 
Brown, soil scientist; David Still; plant 
scientist, Mark Wilcox, agricultural and 
natural resources Extension faculty; and 
Glenn Wright, plant scientist. 

"Pressurized irrigation is not big in 
this part of the state, but it's very big in 
California and Florida, so we know that 
some growers may eventually want to 
try it," Sanchez says. "We want to assist 
them in choosing the best tools for it 
when they do." Previous research 
conducted on citrus at the Yuma 
Agricultural Center showed that trickle, 
spray and bubbler irrigation systems 
improved irrigation effficiency 
substantially over the traditional flood 
irrigation. 

"There is a tendency for growers to 
apply generous amounts of water to 
produce because of anxiety about crop 
quality and lack of sufficient 
information to do otherwise," Sanchez 
notes. Growers need to produce a crop 
of both high yield and quality to make a 
profit. The project specialists plan to 
research and develop efficient 
scheduling and water management 
techniques and then offer this 
information to growers through 
education and training outreach 
programs. 
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Lettuce Research 
Although pressurized irrigation, such 

as trickle methods, can help save the 
amount and the cost of water, Sanchez 
recognizes that these systems are 
expensive to install. In addition, 
growers in the area practice complex 
crop rotations and multiple cropping 
patterns such as vegetables to cotton, 
alfalfa or wheat, making it difficult to 
establish a permanent or semi- 
permanent drip system. 

The iceberg lettuce research, 
sponsored by the Arizona Iceberg 
Lettuce Research Council, involves five 
acres of different experiments with the 
following objectives: 

a) Compare lettuce grown with buried 
drip to lettuce grown by furrow 
irrigation 

b)Evaluate irrigation regimes for 
furrow -irrigated lettuce 

c) Evaluate combinations of water and 
nitrogen for lettuce produced by 
buried drip. 
"If growers are going to switch to 

buried drip, we'd like to help them 
decide the best way to do it," Sanchez 
says. "Last year we put in a new system 
in the valley for irrigating lettuce. We 
had two experiments; the first was 
buried drip arranged in statistically 
valid experimental design with various 
combinations of water and nitrogen. 

"We're being challenged to 
use resources more effectively, 

both water and fertilizer." 

"However, recognizing that many 
growers don't want to go to a drip 
system because of cost, hassles and 
complicated rotations in Yuma, we also 
have a second experiment." This uses a 
furrow irrigation system to find the best 
way to irrigate efficiently, using 
different moisture management tools 
such as tensiometers, neutron probes, 
and AZMET (computerized weather ) 

data. 
Differing amounts of water are 

applied to the lettuce during the 
growing season, using both drip and 
furrow systems. Throughout the 
experiments, researchers sample whole 
lettuce plants to determine plant growth 
and development. 

Lemon Research 
Arizona citrus grows on sandy soils in 

the low desert, where water evaporates 
faster. This is the first study to examine 
the impact of irrigation frequencies on 
fruit sizing of "Lisbon" lemons. The 
research is funded by the Arizona 
Citrus Research Council, and 
encompasses four acres of water and 
microjet experiments on "Lisbon" 
lemons, and flood irrigation efficiency 
on five acres of lemons. Objectives 
include the following: 
a) Determine the impact of different 

flood irrigation regimes on earliness, 
quality and yield of "Lisbon" lemons 
on sandy soil. 

b)Evaluate the response of young lemon 
trees to water and N combinations 
under spray irrigation. 

Spray irrigation line 

next to citrus seedling 

on the right. 

"We recognize the reality that many 
growers continue to use flood irrigation 
because of the higher cost and high 
technology aspects of pressurized flow," 
Sanchez admits. "So we have a flood 
irrigation project on lemons. We want to 
find the ideal moisture regime for 
lemons: what produces the most 
significant yield, quality and size." 

The researchers are irrigating the 
orchards at different moisture regimes 
of 25 %, 40 %, 55 %, and 70% moisture 
water depletion. For example, this 
means that for the first regime, they will 
irrigate the trees when the soil is 
depleted of 25% of its moisture, as 
measured with a neutron probe or other 
moisture measuring device. 

For the other experiment, they will 
feed varying concentrations of nitrogen 
through the spray irrigation system to 
find out which is best for the tree and 
leaches least into the ground, 
depending on the amount of water 
applied to the crop. 

Selected preliminary results include 
the following: 1) Optimal fruit growth 
and yield was obtained at 
approximately 40% soil moisture 
depletion. 2) Tree -growth for the 
highest micro -spray irrigation regime 
was greater than for flood irrigation. 

- Susan McGinley 

Contact Charles Sanchez at the Yuma 
Valley Agricultural Center, 6425 W. 8th 
St., Yuma, AZ 85634 -9623, (520) 
782 -3836, sanchez©ag.arizona.edu 
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Wildlife in the City 
Conserving Natural Habitats in Tucson 

t dawn the jackrabbits scatter 
like birdshot through the 
underbrush: a coyote trots out of 

the mesquites and paloverdes lining the 
wash. Quail families scuttle past, and a 
small herd of javelinas looks for prickly 
pear. A rustle in the bursage turns into a 
fleeting glimpse of mottled green 
lizards, while cactus wrens dart 
overhead among saguaros framed 
against the rising sun. Twenty feet 
away, schoolchildren wait for the bus. 

This close proximity to wildlife is a 
daily occurrence in many parts of 
Tucson, but it can only continue if 
residents and businesses preserve the 
habitats that offer food, water and 
shelter for these animals. Bill Shaw, a 
wildlife ecologist in the School of 
Renewable Natural Resources (SRNR) 
at The University of Arizona, believes 
Tucsonans care enough about their 
unique desert environment to do 
something to maintain it right in town. 

"In Tucson there is a tremendous 
concern for this -- public concern for 
riparian areas and to ensure that the 
native flora and fauna of the Sonoran 
desert persist in this area," he says. 
"Unlike many communities where you 
can't determine exactly where you are 
by looking at the vegetation, Tucson is 
unique. Many of the birds, animals and 
plants here can't be found in other parts 
of the western U.S. We're interested in 
integrating conservation into 
metropolitan planning in Tucson." 

Shaw heads a group of College of 
Agriculture researchers who have just 
finished a project aimed at identifying 
the most important areas for wildlife 
within a metropolitan area. 
Their goal is to provide information to 
city and county planners who make the 
decisions about how the land will be 
used. 

Team participants, all from the SRNR, 
included Shaw, who directed the 
project; Lisa Harris, a wildlife ecologist; 
Margaret Livingston, a plant ecologist; 
Jean -Paul Charpentier , a graduate 
student, and Craig Wissler, a faculty 
member in the SRNR's Advanced 
Resource Technology lab (ART lab) for 
computerized mapping and analyses. 
They completed the project in 1996. 

"We are making wildlife management 
decisions when we make land use 
decisions," Shaw says. In choosing a 
golf course over low density housing, 
for example, planners are also 
influencing how many and what types 
of species of wildlife will flourish on 

that land. Wide open 
golf greens support 
different types of 
wildlife than the dense 
shrubbery does around 
housing developments. 

"What we have not 
had in the past is 
answers to questions 
like how much land 
within different urban 
land uses is actually 
available as wildlife 
habitat," Shaw says. 
How much native 
vegetation remains and how is vegetation 
distributed within a land use type? 

To find out, Shaw and his associates 
completed a habitat inventory for 
eastern Pima county, encompassing 

Javelina pass through 

Shaw believes that protecting 
and enhancing plant 

communities, especially native 
plants, is the most powerful 

wildlife management tool 
developers, planners and 

homeowners have in an urban 
environment. 

Tucson and surrounding land running 
west to Avra Valley, south to Green 
Valley, east to Saguaro National Park 
East, and north to Marana. 

How did they cover such a large 
territory? 

"We wanted to look at what you see 
from the sky," Shaw explains. They did 
this by first obtaining aerial photos of 
the entire area, and then dividing them 
into smaller units they visited and 
sampled from on the ground. 
"Truthing," as it is called, involved 
walking through neighborhoods and 
commercial zones to systematically 
measure and identify the plants that 
were photographed from the air, and to 
compile an accurate list of the kinds of 
habitats Tucson offers for wildlife. They 
spent 1100 hours sampling vegetation. 

"We chose a random scientific sample 
each urban land use category," Shaw 
says. "It took a year. We had to select 
vegetation measurement methodologies 
and then go out and sample each type 
of urban and suburban landcover. It 
took some new methodologies because 
ecologists don't normally work in a 
metropolitan area." 

a Tucson back yard 

The Pima County Habitat Inventory 
project actually had two phases. During 
a pilot study completed in 1993 the 
researchers developed a methodology 
for associating land cover categories to 
aerial photographs. The researchers 
then were able to apply these 
techniques to mapping and classifying 
vegetation in the 43 townships they 
studied in eastern Pima County. 

The final phase of the project took one 
year and was funded by the Arizona 
Game and Fish Heritage Fund. 

"Our first task was to combine the 
land use data for the City of Tucson and 
Eastern Pima County, a major task," 
Shaw says. The researchers had two 
sources for the base data - the city's 
and the county's databases, which they 
converted to land cover categories and 
merged into one GIS (geographic 
information system) database. This 
system covers both incorporated and 
unincorporated areas of metropolitan 
Tucson. 

"Then we sampled the vegetation, 
and produced maps for each type of 
land use," Shaw says. In housing areas, 
the team measured all perennial 
vegetation three inches or larger in 
canopy diameter or height, plus lawns 
for each plot selected. For larger areas, 
they ran randomly located transects 
across various parts of a property and 
recorded and measured the plants 
encountered in the two -foot wide belt 
transect. 

Land cover classification categories 
for eastern Pima County included 
residential, commercial /public facilities, 
recreation, watercourses and ponds, 
natural open space, graded vacant land, 
agricultural land, and major 
transportation facilities. 

At each sampling unit eight types of 
information were recorded: plant 
species, height, diameter, indigenous 
nature, number of distinct plants of one 
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species planted together, how the plant 
was used (tree, shrub, ground cover, 
etc), basal cover of vegetation, and area 
of the sampling unit. 

"We compared patterns of landscaped 
or planted vegetation with natural 
vegetation," Shaw explains. "Then we 
developed a 'wildlife habitat value 
index' based upon how much of each 
land cover category is vegetated, how 
much is native vegetation, how much 
structural diversity (forms or heights of 
vegetation present in a landscape) is 
found, how much escape cover is 
available for wildlife." 

Frequently, it is the escape cover that 
is most limited in urban landscapes. 
Wildlife need shrubs and brushes 
nearby to protect them from predators. 
"Low -based vegetation makes great 
underbrush for rabbits, quail and other 
animals," Shaw notes. In fact, 
homeowners destroy this habitat when 
they clear out all the underbrush in 
their yards and replace it with 
decorative rock surrounding a few 
mesquite trees and saguaros. It looks 
clean and neat, but there is no escape 
cover. 

Shaw and his team used the data they 
collected to generate maps of the 43 
townships they studied in Eastern Pima 
County. They have made the computer 
based maps as current and useful as 
possible: as new land information 
becomes available in the future, the 
maps can be readily updated. They 
interpreted the maps and verbally 
described wildlife habitats in Tucson. 

"We developed the wildlife habitat 
value model based on vegetative 
characteristics," Shaw says. "We stress 
native vegetation and plant species 
diversity as important elements in the 
model." The researchers ranked 
different land uses in Tucson according 
to their suitability for wildlife, and 
made recommendations for future 
planning and development (see 
sidebar). 

A significant finding was that natural 
open space occupies by far the most 
acreage in eastern Pima county. "With 
such a large portion of the greater 
Tucson area in this condition, it allows 
the community to direct future growth 
and development to preserve an 
interconnected system of plant 
communities," the report states. 
Riparian areas made up only 6% of the 
land, an alarmingly low percentage 
since riparian vegetation communities 
associated with watercourses are among 
the most valuable wildlife habitats. 

Shaw believes that protecting and 
enhancing plant communities, 
especially native plants, is the most 
powerful wildlife management tool 
developers, planners and homeowners 
have in an urban environment. 

To that end, the study offers several 
recommendations for decision makers 
to follow for incorporating wildlife 
conservation into planning for growth 
in Tucson and Eastern Pima County: 
1. Preserve an interconnected network 

of landscapes with the highest values 
as habitats for wildlife. This is the 
single most important strategy for 
integrating conservation into 
planning for Tucson's growth, 
according to the research team. 

2. Identify gaps and fragmentation in 
Tucson habitats and restore their 
vegetative continuity. Especially 
valuable are vegetative corridors that 
reach from the large protected natural 
areas surrounding Tucson into 
suburban and urban areas. The 

LAND COVER CLASSIFICATIONS IN EASTERN PIMA COUNTY 

Natural Open Space 52% 

Residential 13 % 

Parks and Playgrounds I I % 

Agricultural 7% 

Watercourses and Ponds 6% 

Commercial and Public Facilities 6% 

Major Transportation Facilities 3% 

Graded Vacant Land 2% 

habitat value index 
for this purpose. 

3. Emphasize the use of native plant 
species. Native animals are best 
adapted to utilize native plant 
communities. 

4. Utilize a diverse array of plant species 
and plant forms in planted 
landscapes. This will support a wide 
variety of animals that have different 
habitat requirements. 
"It seems a surprise to everybody, but 

Tucson is actually a leader in this urban 
conservation," Shaw remarks. "Boulder, 
Ft. Collins, Portland and Seattle are all 
cities that are making an effort to do this 
as well. In Tucson, both the community 
and elected officials are interested in 
this. And some of my students have 
made careers out of working with the 
development community to help soften 
their impact on the environment." 

Sometimes the only way to protect a 
natural habitat is through legislation, 
Shaw admits. 

"The dilemma is how do you 
translate this into laws and regulations 
that are equitable and feasible ?" he 
asks. "We're trying to develop an 
information base so that as a 
community we can say which areas are 
most important biologically. There are 
a lot of things that are unique and 
special about Tucson's native plants and 
animals." 

maps can be used 

- Susan McGinley 

Contact Bill Shaw at 
325 Bio Sciences East, 

School of Renewable 
Natural Resources, The 

University of Arizona, 
Tucson, AZ 85721. 
(520) 62 1-7265. 
wshaw @ag.arizona.edu. 

Agricultural Experiment Station Research Report 21 



Retooling the Industry Sizing Standard 
Finding the "Perfect Fit" for Older Women 

'rst, the good news. Today's older 
people are healthier, have more 
discretionary income and maintain 

very active lifestyles. They like to travel, 
enjoy hobbies, recreational activities, 
sports and physical fitness. They also 
spend much of their time volunteering. 
These activities have resulted in an 
increased desire for well- fitted 
fashionable clothing. 

What about the bad news? Research 
has shown that older women experience 
body changes as they age which greatly 
affect the fit of their clothing. They have 
identified "the lack of good fit" as one 
of their major concerns in clothing 
purchases. Fit problems have become 
more apparent for this consumer market 
segment because few garments are 
designed to fit the changing bodies of 
older women. 

"Previous research has shown that 
finding well -fitted clothing is vital to an 
individual's psychological and social 
well -being," says Ellen Goldsberry, 
associate professor with The University 
of Arizona Division of Retailing and 
Consumer Studies (RCS). "The search 
for 'good fit' can be challenging for 
older women, especially for fit in the 
areas of the shoulders, upper back, bust, 
arms, waist and abdomen." 

Goldsberry, and Naomi Reich, 
professor emeritus in the School of 
Family and Consumer Resources, have 
completed the first nationwide study to 
examine the body measurements of 
women age 55 and older. The results of 
the study have led to the development 
of the first body measurement database 
specifically for women in this age 
group. Data was also collected on 
consumer demographics and 
satisfaction levels of garment fit, 
according to Goldsberry. The body 
measurement database, representing 
more than 6,600 women subjects from 
38 states, is being used to improve the 
U.S. ready -to -wear garment fit, labeling 
information and the U.S. domestic 
apparel sizing system. 

The Institute for Standards Research, 
a division of the American Society for 
Testing and Materials (ASTM), funded 
the research. Industry sponsors 
included the American Apparel 
Manufacturers Association, Brylane, 
Butterick Co. Inc., Lands' End, Levi 
Strauss, L.L. Bean, Simplicity Pattern 
Co., Sara Lee Knit Products, Sears, 
Shadowline Inc. and the Textile and 
Clothing Technology Corp. ASTM 
develops quality control product 

performance standards, including 
apparel sizing, that were once under the 
U.S. Department of Commerce. 

Many consumers, manufacturers and 
retailers agree that the U.S. domestic 
apparel sizing in use today is greatly 
outdated and does not represent current 
body measurements of women 
regardless of age. The U.S. Department 
of Commerce developed the currently 
used database, PS 42 -70, which was 
based on a 1941 study. That study 
included a low representation of older 
women and was biased toward young, 
unmarried white women, Goldsberry 
states. 

"We had two main objectives in this 
study," Goldsberry says. "First to 
identify differences between current 
body measurements of women over 
fifty -five and the body measurements in 
the Department of Commerce database. 
Second, we wanted to understand 
factors that might relate to older 

The body measurement 
database, representing 

more than 6,600 women 
subjects from 38 states, is 

being used to improve the 
U.S. ready -to -wear garment 

fit, labeling information 
and the U.S. domestic 
apparel sizing system. 

women's satisfaction and dissatisfaction 
with fit of ready -to -wear and 
commercial patterns." 

The researchers recruited and trained 
state project coordinators from 
university Cooperative Extensions and 
clothing and textiles faculties at land 
grant universities to help with collecting 
data and interviewing the women who 
participated in the study. The state 
project coordinators then recruited 
subjects from within each of the 
participating 38 states. The volunteer 
data collectors took body measurements 
of participants over a body suit, worn 
over normally worn undergarments. 
The body suit provided strategically 
placed landmarks and a consistent form 
for taking measurements, thus 
increasing the accuracy of the data. 

By comparing the new measurement 
data with the PS 42 -70 database, 
Goldsberry said they found that most 
body measurements were significantly 

different. For example, hip 
measurements taken of subjects, with 
Women's figure -type proportions, had 
the greatest amount of difference in 
measurements, compared to the old 
standards followed by Junior Petite and 
Junior. 

"The 'Women's' figure type is 
described as large framed but well 
proportioned," Goldsberry states. 
"However, the women in this study 
who could be categorized with 
Women's figure type proportions had 
thicker waists and greater hip 
measurements than their PS 42 -70 
counterparts, suggesting a need for 
additional allowances in these areas." 

Of 45 body measurements compared, 
27 tended to be greater than the 1941 
database despite being separated into 
the seven proportional figure types 
used in the original study: Junior Petite, 
Junior, Misses Petite, Misses, Misses 
Tall, Women and Half -size. 
Occasionally, though, the older 
women's measurements, regardless of 
figure types or sizes, tended to be 
greater in the torso area, when 
compared with the subjects in the PS 42- 
70 database, the researchers found. 

"These results shed important light on 
the frustration that older women have 
in finding a garment that fits properly 
and looks stylish," Goldsberry says. 
"It's becoming an increasing dilemma 
that all women, but especially older 
women, experience in the dressing 
room of retail stores." 

To further understand these 
frustrations, subjects involved in phase 
one of the study were asked to comment 
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voluntarily on their satisfaction or 
dissatisfaction with the fit of ready -to- 
wear garments. Responding to a 
questionnaire, 70 percent of the 
respondents said they were dissatisfied 
with fit of ready -to -wear clothing while 
31 percent said they were satisfied. 

"This is not surprising because 
women of all ages voice dissatisfaction 
with the outdated U.S. domestic sizing 
system," Goldsberry states. "Older 
women might be expected to be 
especially dissatisfied since the system 
does not reflect aging women's groups 
and their changing bodies, as we 
identified in the first part of the study." 

Most of the women in the survey said 
they had trouble with lengths of ready - 
to -wear, especially with pants, dresses, 
and sleeves being too long. 

"Yet some older consumers may be 
dissatisfied with fit and style because 
they continue to buy the same size or 
figure type proportion they wore in 
their thirties to fifties, not being aware 
that they might fall into a different size 
or figure type due to effects of aging on 
their figure," Goldsberry says. 

"Many women involved in the study 
said they rarely take their body 
measurements," Goldsberry notes. 
"However, they did realize that either 
their body conformations or their sizing 
system had changed." 

According to Goldsberry and Reich, 
the effects of aging, like the waist 
thickening or the bustline lowering, or 
the rear shoulder becoming broader, are 
things that have to be taken into 
consideration for good, comfortable fit 
when older women are buying ready - 
to -wear fashions. 

The primary goal of the interviews, 
according to Goldsberry, was to see 
whether or not women purchased styles 
in the same size and figure type 
proportions as their measurements 
categorized them. The researchers also 

The primary goal of the 
interviews was to see whether 

or not women purchased 
styles in the same size and 
figure type proportions as 

their measurements 
categorized them. 

wanted to explore which body 
measurements specifically contributed 
more to satisfaction or dissatisfaction 
responses. 

"We found that subjects whom we 
categorized as Junior tended to 
purchase mostly Misses and Misses 
Petite," Goldsberry said, "while those 
categorized as Junior Petite tended to 
buy Misses Petite and Misses. Across all 
size ranges, women tended to buy 
outside their "type." 

Even while many women purchased 
ready -to -wear fashions, 77 percent of 
the women commented that they 
needed to adjust these fashions for 
fitting. "Women may attempt to have 
garments altered to fit, if sufficient seam 
allowances and fabric are available, or if 
the style is easy to alter - for example, 
a skirt length," Goldsberry says. 
However, most of the problems 
identified with fit, like upper back 
width measurements, can rarely be 
altered. 

Another factor associated with fit 
dissatisfaction was the locations where 
women purchased their clothing. 
Women who bought their clothes 
primarily from department stores or off - 
price /discount stores were more 
dissatisfied with the fit than those who 
purchased their clothing at specialty 
stores /boutiques, or had clothes 
custom -made, or had made garments 
themselves. 

The suit used in the study is made of stretch 

yarn knitted fabric that stretches and molds 

to a subject without compressing the body or 

changing the body dimensions. 

Overall, dissatisfied customers tended 
to be younger (55 -65); in the higher 
income category of $30,000 or more; 
Caucasian; to buy clothes at discount/ 
off -price stores, department stores and 
through mail -order catalogs; to live on 
the West coast; and to buy commercial 
patterns but at the same time be 
dissatisfied with the fit of commercial 
patterns. 

"Consumers with a higher income are 
more likely to have higher expectations 
of clothing performance due to greater 
resources, and therefore tend to be more 
critical of the quality and fit of 
clothing," Goldsberry stated. She added 
that the higher- income consumer may 
be shopping for clothing more often, 
thus exposing her to more opportunities 
for dissatisfaction. 

From their findings, Goldsberry and 
Reich recommend that an extensive 
consumer education program directed 
to older women consumers, 
manufacturers and retailers be 
undertaken. Women also need to 
become more aware of their actual body 
measurements and proportions rather 
than focusing on hang tag numbers 
which vary greatly in measurements 
and proportions from one manufacturer 
to another. 

"We hope that the results of using 
more than six thousand women in this 
study, when combined with other 
research findings, will stir the industry 
to action toward improving and 
updating the U.S. domestic apparel 
sizing system," Goldsberry says. "We 
believe that, ultimately, the satisfaction 
level of apparel sizing will be improved 
for all women, but especially for older 
women. Manufacturers and retailers 
together need to reevaluate their 
marketing strategies and to update the 
current U.S. domestic apparel sizing 
system to make it more 'consumer 
friendly,' rather than a marketing 
'guessing game'." 

- Crystal Renfrow 

Contact Ellen 

Goldsberry at 
Division of 
Retailing and 
Consumer 
Studies, School 
of Family and 
Consumer 
Resources, Room 

125, Tucson, 

Arizona 85721, 
(520) 621-1140, or 
elleng ©ag.arizona.edu. 
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Looking Through a New Market Winslow 
Trends in the Fresh Produce Industry 

Aatypical supermarket produce 
section has 400 items, most 
vailable 365 days of the year. 

Consumers, more than ever before, are 
willing to pay for convenience and 
availability of fresh produce. The 
grocery industry has responded with a 
variety of packaged fresh salads, exotic 
fruits, organic produce, and a year - 
round supply of many commonly 
known items, such as apples, grapes, 
tomatoes, melons and lettuces. 

This in turn has changed the nature of 
the produce industry itself, although 
few people outside the industry realize 
it. 

"At least in fresh produce, consumer 
behavior and demographic trends are 
sending clear signals to the industry, 
resulting in structural changes," says 
Paul Wilson, an agricultural economist 
at The University of Arizona. 

He and fellow agricultural economist 
Gary Thompson, both from the 
Department of Agricultural and 
Resource Economics (AREC), and 
Roberta Cook, an Extension economist 
at the University of California, Davis, 
recently completed a firm -by -firm study 
analyzing trends and innovations 
within the fresh produce industry. The 
Cooperative State Research Extension 
Service (CREES), USDA, sponsored the 
project 

Their findings dismiss some of the 
stereotypes associated with produce 
farms. 

"The American public often visualizes 
commercial farms as farmsteads 
surrounded by contiguous acreage 
owned and operated by the family," 
Wilson and Thompson say. Actually, 
there is no "typical" produce operation, 
the researchers found. The industry is 
not homogeneous, but heterogeneous, 
with a variety of innovative 
organizational arrangements designed 
to supply produce 52 weeks out of the 
year. Each company decides how it will 
grow and market its produce, and this 
differs from one firm to the next. 

Retailers and food service companies 
are consolidating and merging into 
fewer, larger companies resulting in a 
smaller number of produce buyers. 
With hundreds of fresh produce items 
in supermarkets today, and year -round 
shipping from individual companies, 
competition has increased for retail 
shelf space and a spot -on -food service 
menus. In response, grower /shippers 
adopt competitive strategies directed at 

Actually, there is no "typical" 
produce operation, the 

researchers found. 

these more powerful buyers. 
Closely -held family corporations 

often farm acreages in several states 
and/or foreign countries to take 
advantage of seasons and to allow 
companies to supply produce year 
round. "Firms are regional and global 
with diverse agricultural and non- 
agricultural enterprises," Wilson says. 
"This trend started decades ago with 
lettuce growers, and now tomato and 
melon growers also use these 
strategies." 

These tactics include growing crops 
sequentially in distinct geographic 
areas, for example in Florida, then 
Mexico, then California, or growing 
them in several geographic areas 
simultaneously. The producers take 
advantage of regional growing 
conditions and microclimates to be able 
to keep a steady supply of produce on 
supermarket shelves. 

"You have globalization of 
agribusiness, where national boundaries 
don't mean anything," Wilson says. 
"The public knows they get produce 
from California in the summer and 
Mexico in the winter, but what they 
don't know is that a Florida -based firm 
may be growing all that produce year 
round. There are also Mexican 
companies farming in California and 
Florida." 

This concentration on the 
characteristics of growing areas rather 
than on the integrity of national 
boundaries has implications for 
international trade. "Trade disputes get 
fuzzier when you have firms that are 
producing simultaneously on both sides 
of the border," Thompson says. "The 
produce industry is now a global 
business." 

Not only have growers changed what 
they grow and where they grow it, they 
now have to decide what form to 
market that fruit or vegetable in after 
they harvest it. "It creates a whole host 
of decision making that wasn't there a 
few years ago," Wilson explains. "Do 
you grow lettuce to sell as a naked head 
or as packaged salad? What influences 
that decision ?" 

The researchers went straight to the 
CEOs of major grower -shippers in 

California, Arizona and northwest 
Mexico to find answers to this question 
and others. 

The research focused on the grower - 
shipper model instead of the grower, 
because this function is becoming a 
dominant trend in the market. These are 
growers who finance and/or grow the 
crop themselves, and are also 
responsible for the harvesting, packing, 
shipping and marketing of that crop to 
the first buyer. Many of the major 
produce firms in the country are now 
categorized as grower- shippers. 

No longer do large -scale growers 
decide on their own what to produce 
and then sell it to someone, the 
researchers found. Instead, they 
contract with shippers who have in turn 
worked with retailers and foodservice 
providers to find out what consumers 
want. Over time, the grower and 
shipper roles have merged into a single 
company representing both. These 
grower- shippers call the shots for 
growing tomatoes, melons and lettuces, 
according to Wilson and Thompson. 

"Farmers will be 'employees' to 
grower- shippers, and marketing 
functions will dominate production," 
Wilson notes. This changes the 
conception of what an agribusiness firm 
is. "They are always searching, 
experimenting to see what will work." 
This market research in food was not a 
part of the traditional produce industry 
before. As a result, this market -driven 
orientation has forced agribusiness 
companies to find new and innovative 
ways to present their produce. 

Two recent and powerful trends in 
the produce industry involve advanced 
technology: value -added products, and 
those developed through biotechnology. 
Both are a response to consumer 
demands for hassle -free meal 
preparation and high quality. 

Value -added products involve 
another step beyond harvesting the 
produce and displaying it in bulk in a 
supermarket. Fresh fruits and 
vegetables may be cut, bagged, mixed 
or otherwise minimally processed in 
their natural state to make them easier 
to use. Fresh -cut melons and pineapple, 
bagged leaf lettuce or lettuce mixes, 
plastic- wrapped cauliflower, wrapped 
trays of tomatoes, and fresh packaged 
stir -fry vegetables have all become 
familiar additions to supermarket 
produce sections. Companies have 
begun to put their brand stickers on 
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Example of a regional sourcing sequence for fresh produce. 

individual tomatoes, melons, squash 
and other items to indicate their quality 
and uniqueness. 

Value -added technology has caused 
grower- shippers to increase their 
product quality monitoring to assure 
food safety. Careful production 
scheduling has become critical to make 
sure a steady supply of fresh produce is 
ready to be packaged. 

Biotechnology has enhanced the 
value -added trend. Developing new 
varieties through gene -splicing is a 
faster method than traditional plant 
breeding techniques. Companies in 
search of market opportunities are 
developing their own proprietary fruit 
and vegetable varieties, suited for both 
value -added packaging and for bulk 
sales as branded items. These varieties 
may also be developed to grow in 
different microclimates around the 
world. Such innovations in seed 
development require considerable 
expenditures for research and 
development, a cost growers have not 
historically undertaken, but some 
grower /shippers are investing in now. 

All of this expense and effort derives 
from the high stakes nature of the fresh 
produce industry, and the 
sophistication it must constantly 
maintain to handle incredible volumes 
of perishable agricultural products 
throughout North America. 

"Most fresh -processed items have a 
shelf life of two weeks, maximum. 
There can be incredible spoilage, and 
thousands of players are involved," 

Two recent and powerful 
trends in the produce industry 
involve advanced technology: 
value -added products, and 
those developed through 

biotechnology. 

Thompson says. "The energy and 
excitement of this industry are based on 
perishability." 

- Susan McGinley and Crystal Renfrow 

Contact Paul 
Wilson and Gary 
Thompson in the 
Department of 
Agricultural and 
Resource 
Economics, PO 

Box 210023, The 

University of 
Arizona, Tucson, 
Arizona 85721. 
Call Wilson at 
(520) 621 -6258 
or e -mail him at 
pwilson@ 
ag.arizona.edu. 
Call Thompson at 
(520) 621 -6249 
or e -mail him at 
garyt@ag.arizona.edu. 

Analyzing an Industry 

Gary Thompson, Paul Wilson 
and Roberta Cook spent more 
than 150 hours in 1 995 -96 
interviewing executives of 81 

produce firms specializing in 

marketing lettuce, tomatoes and 
melons. 

Tomato firms participating in 

the study included those 
marketing approximately 80 
percent of California fresh 
tomatoes, 70 percent of Florida 
fresh tomatoes, and 60 percent 
of the tomatoes exported from 
Mexico. Melon firms included 
those handling between 50 and 
60 percent of the melon sales in 

California and Arizona, and 
lettuce firms (primarily out of 
Salinas) included those providing 
approximately 80 percent of the 
lettuce consumed throughout the 
year in the United States. 

"We designed a one -hour 
interview protocol," Wilson 
explains. "We touched on all 
general aspects of their 
businesses: what types of 
products do they market and 
where, types of customers, 
standard growing issues regarding 
water and seed, business 
networks and relationships, 
sourcing and contracts. Then, to 
quantify information, we left 
them a data form to fill out and 
fax back to us." The researchers 
agreed to withhold the names of 
participating firms to assure 
confidentiality. 

"We wanted to get primary 
data and a personal 
understanding of the industry by 
talking with CEOs from these 
companies, rather than studying 
secondhand aggregate data," 
Wilson says. "This is the first 
effort we know of to 
systematically analyze the 
industry. We designed our 
research to look at strategic 
issues surrounding the industry 
and how those issues will affect 
firm -level structure." 
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Zipper Membranes 
New Possibilities for Biological Research 

ey were looking for a way to 
define the function of Golgi bodies 
in plant cells, but during their 

search they found something else. A 
team of scientists from The University 
of Arizona and the University of 
Colorado, Boulder, has produced a new 
tool for biological research and 
biotechnology. Called "zipper - 
membranes," the scientists have 
discovered how to genetically engineer 
membrane organelles inside cells in a 
way that stimulates the production of 
foreign proteins in cells without 
disrupting cell functions. The zipper - 
membranes store these proteins away 
from the rest of the cell's contents, 
where they can be used in various 
pharmaceutical, biological and 
agricultural applications. 

David Galbraith, a professor in the 
Department of Plant Sciences, UA 
College of Agriculture, with graduate 
student Fang -Cheng Gong, performed 
the laboratory experiments leading to 
the discovery. Scientists from the 
Department of Molecular and Cellular 
Biology at the University of Colorado 
did the electron microscopy needed to 
examine the engineered cells. 

"In producing this protein, we are 
altering the organelles within the cell to 
form the zipper- membranes," Galbraith 
says. "This represents a new concept." 
No one has created an artificial 
organelle within cells before, although 
scientists have been able to manufacture 
foreign proteins in cells using other 
methods. 

These previous attempts to produce 
foreign proteins in engineered hosts 
have been hampered by the instability 
of the proteins, or by their toxicity to the 
host organism. In contrast, the zipper - 
membranes accumulate and hold the 
new proteins in a "stable and 
presumably active form," according to 
the researchers. 

The discovery occurred unexpectedly 
while the scientists were exploring the 
function of Golgi apparatus, an 
organelle found in all cells but poorly 
understood in plants. To learn more 
about the way the plant Golgi is 
organized, Galbraith and his associates 
aimed to insert a protein marker for the 
Golgi into a plant cell and track its 
activity. 

For this Golgi marker, they used 
avian infectious bronchitis virus (IBV 
M), a protein used for identifying Golgi 

"In producing this protein, we 
are altering the organelles 
within the cell to form the 

zipper- membranes." 

functions in animal cells. To help track 
the IBV M protein inside the plant cells, 
they combined it with a bacterial 
enzyme, beta -glucuronidase (GUS) by 
making a chimeric gene, one containing 
the genetic material from both the IBV 
M gene and the GUS gene. 

Inside the tobacco cell, the production 
of the hybrid protein enacted a startling 
process that led to the formation of an 
entirely new membrane organelle, the 
zipper- membranes. 

"When we looked at the cells through 
the electron microscope in Colorado, we 
found that the protein was localized 
exclusively in scroll -like membranes 
that looked rather like onions in the 
cell," Galbraith says. "The membranes 
were accumulating and somehow 
rolling up on themselves." 

Production of the hybrid protein had 
caused the cell to generate masses of 
membranes similar to those found in the 
endoplasmic reticulum, a network of 
tubular membranes normally 
responsible for transporting materials 
within the cell. However, in this case, 
the membranes had folded and 
compressed into whorls, or zippered 
themselves together, hence the choice of 
the name zipper- membranes, or z- 
membranes. 

"It occurred to us that making these 
proteins inside the z- membranes 
protects them from degradation," 
Galbraith explains. From the 
biotechnological point of view this is 
important, since foreign proteins made 
inside host cells are often held back in 
the endoplasmic reticulum, and broken 
down. Instead, this specialized 
endoplasmic reticulum membrane had 
allowed the overproduction and storage 
of the foreign protein. 

"If you wanted to accumulate a 
protein that would be of biological use, 
this system might allow you to produce 
a lot of these proteins," he says. 
Antigens for oral vaccines are one 
possibility; membrane enzymes for 
processing biological molecules are 
another. The method lends itself to 
applications in biochemical and 
crystallographic studies, and in 

"We found that the protein 

exclusively in scroll -like membranes that looked 

rather like onions in the cell." 

was localized 

biosensor systems. 
"The plants look entirely normal," 

Galbraith adds. "This means the cells 
tolerate the production of the z- 
membranes. We think that this should 
allow us to produce many different 
types of protein inside the zippered 
membranes without injuring the cell. 

"You could use the z- membrane 
system to accumulate proteins that are 
toxic to an insect pest but not the plant. 
This accumulated protein might even be 
a substance that would normally kill the 
plant." 

In recent studies, the researchers have 
found the same protein induced 
formation of z- membranes in other 
types of organisms, not just plants. 

The University of Arizona and the 
University of Colorado, Boulder, have 
applied for a joint patent on the process, 
and the results of this research have 
been published in the March 1996 issue 
of the Proceedings of the National 
Academy of Sciences. 

- Susan McGinley 

Contact David 
Galbraith in the 
Department of 
Plant Sciences, 

Forbes 303, The 

University of 
Arizona, Tucson, 

AZ, 85721, (520) 
62 1-9 1 53, dgalbrai @ccit.arizona.edu. 
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Sharing Rivers, Sharing Opinions 
Perceptions of Riparian Areas: 

s Arizona's riparian areas 
continue to shrink, and in some 
places, disappear altogether, the 

few that remain must serve conflicting 
multiple uses. These rivers and the 
lands surrounding them can supply 
irrigation and drinking water, fertile 
soils, scenic views, forage plants, and 
wildlife habitats. 

Homeowners, farmers, ranchers, real 
estate developers, natural resource 
managers, mining companies and other 
public and private groups value 
riparian areas for different reasons. 
Some groups want the areas to remain 
wild; others need the water for crops or 
grazing cattle. Still others see an 
attractive spot for housing or recreation. 
Managing a riparian area involves 
weighing these opinions and deciding 
which uses should predominate and why. 

Ervin Zube, a landscape architect in 
the School of Renewable Natural 
Resources at The University of Arizona, 
has spent 15 years researching land use 
patterns and landscape perceptions and 
attitudes in southern Arizona. He has 
looked at changes and trends in land - 
use from several angles, including 
ecologic and cultural. 

His study tools have included photo 
interpretation; literature reviews; 
comparisons with computer models; 
interviews; and both mail and 
telephone surveys. Gathered together, 
these data offer decision makers a tool 
to assist in land use planning and 
management. 

Since 1982, Zube has studied factors 
related to landscape changes in 
Arizona, and has found in earlier 
research that geological, ecological and 
climatic factors have been prominent 
agents of change in the past, whereas 
recent and frequently more rapid 
change now appears to be a result of 
cultural activities, the activities of 
people: mining, farming, ranching, 
introduction of non -native plants, and 
other human introductions to the land. 

"My career has focused on landscapes 
large and small," Zube says. "What I'm 
interested in is what people value in 
their landscapes." Riparian zones 
intrigue him because they are vital in 
Arizona for many conflicting needs. 
Urban and rural communities use the 
groundwater for drinking water and 
irrigation, while streamside plants and 
wildlife survive on both ground and 
surface water. 

Zube's most recent work has focused 
on perceptions regarding two rivers, the 

Values and Uses 
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Zube's most recent work has focused on perceptions regarding two 
rivers, the Upper San Pedro near Sierra Vista in Cochise County, and 

the Upper Gila in Graham County near Safford. 

Upper San Pedro near Sierra Vista in 

Graham County near Safford. (See map 
for study areas.) These are among the few 
remaining perennially flowing rivers in 
Arizona. Although both are considered 
desert riparian corridors, they differ in 
rates of adjacent human population 
growth, land use patterns, rates of flow, 
and other factors. 

The San Pedro River flows north from 
Sonora, Mexico into southern Arizona. 
The Upper San Pedro has received 
national recognition for its diversity of 
plants and animals, particularly its 
mammalian and avian species. In 1986, 
a 30 -mile portion of the river was 
designated a National Riparian 
Conservation Area. The Upper San 
Pedro's annual flow fluctuates between 
9,589 and 26,278 acre feet of water, with 
a fairly consistent daily rate except for 
increases during the summer monsoons. 

Urban development has increased in 
the region because Sierra Vista (1994 
population of 36,855) and Fort 
Huachuca are nearby. This 
development is moving steadily toward 
the conservation area less than five 
miles east of town. Cattle ranching is a 
major enterprise, and much of the land 
along the river is under public 
ownership. 

As the Upper San Pedro flows 
northward, it eventually joins the Upper 
Gila River. In contrast to the suburban 

character of the San Pedro River Valley 
where Sierra Vista lies, the town of 
Safford (1994 population of 8,020) and 
the region it occupies are considerably 
more rural. Crop agriculture 
predominates, and the Gila River flows 
at a volume that accommodates it: 
between 55,807 and 225,334 acre feet 
annually. Its most significant increases 
in flow occur both in the winter and in 
late summer. In contrast to the Sierra 
Vista area, much of the riparian land 
near Safford is under private 
ownership. 

Zube compared and contrasted the 
data for these two study areas, and then 
surveyed local residents and special 
interest groups for their perceptions. He 
and his research associates chose names 
at random from Sierra Vista and Safford 
area telephone books, and mailed 
questionnaires to potential respondents. 
Of those who returned their surveys, a 
smaller group was selected for personal, 
more in -depth telephone interviews. 

The survey population included a 
cross section of area residents and 
special interest groups (farmers, 
resource managers, realtors, 
environmentalists and local decision 
makers). In the mail surveys, 
respondents were asked to rate their 
preferred uses for lands adjacent to the 
river, and to choose the words that best 
described their opinion of each area. 
Categories included such descriptive 
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terms as inviting vs. uninviting; 
beautiful vs. ugly; public vs. private; 
wet vs. dry; valuable vs. worthless; 
clean vs. dirty; productive vs. 
unproductive; unusual vs. common; 
and others. 

Zube and research assistant Michele 
Sheehan identified land -use preferences 
by asking participants to choose the 
most and second -most, and the least 
and second -least appropriate land uses 
from the following list: 1) wildlife area, 
2) farming, 3) hunting, 4) grazing, 5) 
protection of water flow, 6) preserved 
natural area, 7) mining, 8) off -road 
vehicle driving, 9) flood protection, 10) 
subdivisions and 11) recreation areas. 

Of all the choices, the respondents in 
the Safford area favored farming 
activities the most, while those in the 
Sierra Vista area emphasized wildlife 
and natural area preservation. Broken 
down further, strongest choices were 
farming, protection of water flow, 
wildlife area, and flood protection. 
Least favored uses for both Safford and 
Sierra Vista respondents included 
subdivisions, off -road vehicle driving, 
and mining. 

The responses ran along a continuum 
with adamant no- growth opinions at 
one end, and full, extensive use of 
riparian land at the other. "Many 
respondents were both anti -growth and 
anti -change, particularly the 
homeowners," Zube says. They 
preferred to leave the natural beauty of 
the area intact. 

"The real estate developers 
advocated the most growth, not 
surprisingly. They were on the extreme 
utilization side. Fairly close to them 
were farmers and ranchers. On the 
opposite end were the resource 
managers who were for preservation." 
These were the people who knew the 
most about the land - the Bureau of 
Land Management, Game and Fish, 
State Land Department, the Forest 
Service, and nonprofit conservation 
groups such as Audubon. 

"While the conservation side favored 
setting aside the riparian areas as 
wildlife refuges, the other side felt there 
was adequate planning there, with 
room for more growth," Zube says. 
"The general public fell somewhere in 
the middle, but leaned more strongly 
toward conservation than use." 

Interestingly enough, the resource 
managers perceived the riparian areas 
to be less inviting, beautiful and useful 
and more private and unnatural than 
any other group, according to Zube's 
report. (In other words, these areas 
didn't meet their standards for what a 
pristine wildlife habitat should be.) At 
the same time, they judged it more 

valuable, unusual and wetter, and 
perceived it as having more wildlife 
than the other groups had indicated. 

This pattern of responses may result 
from the greater knowledge resource 
managers have gained in working 
closely with the natural environment. 
They see the ecological value and 
function of an area more clearly than 
other groups, and prefer that over 
aesthetic or development concerns. 

During the study, Zube discovered 
one serious lack of understanding 
among the public. 

"People did not recognize the 
relationship between groundwater and 
water running on the surface," he says. 
They did not seem to perceive the two 
as coming from the same source. They 
knew that groundwater provides 
drinking water for the cities, and that 
surface water sustains riparian plants 
and wildlife, and they recognized 
conservation uses for the water. 

"In spite of the fact that survey 
respondents recognized the value of 
groundwater and surface water, they 
simultaneously supported practices that 
reduce groundwater and therefore 
surface water," Zube explains. 
Misperceptions like these can lead 
communities to continue aggressive 
development without realizing the full 
consequences until it is too late. 

Zube's research therefore not only 
targets the positions different groups 
maintain regarding riparian areas, it 
also points out the need for education. 
Opinions and perceptions are valuable, 
but good planning relies on an 
understanding of the facts regarding an 
area. By finding out how people 
perceive a situation, Zube's survey 
pointed out a need for public education 
regarding the way a riparian area 
works. 

"Perhaps this is a role resource 
managers must play, of educating the 
public about threats to riparian areas 
from uncontrolled growth and 
indiscriminate land use practices," Zube 
maintained in a 1987 report. Because 
many riparian areas now support 
recreational activities, "resource 
managers have now become managers 
of people as well as resources." 

He believes that to preserve the 
characteristics people most value in 
these riparian areas, restraints must be 
placed on growth and development. 

"One of the major challenges to 
planning will be directing growth while 
preserving and protecting as many of 
the valued landscape attributes as 
possible, attributes that attracted people 
to these areas in the first place," Zube 
says. - Susan McGinley 

Riparian Zones 
Zube defines riparian areas as the 

narrow strip of moist soils adjoining 
either side of a stream or river. This 
area includes most of the visible 
vegetation and the large trees, such as 

cottonwoods, that usually line a 

natural waterway. Because riparian 
zones comprise less than 300,000 
acres, or 0.4% of the state, fierce 
debate often ensues over their most 
appropriate uses. 

"Riparian areas are the single most 
important landscapes in the state 
because they are the primary sources 
of water in the desert - both surface 
and groundwater," Zube wrote in a 

1989 report. "They are also the places 
where one usually finds the best 
alluvial soils, the easiest routes for 
travel, and the greatest floral and 
faunal diversity. It is not surprising, 
therefore, that they are valued for 
nearly every land use activity that 
occurs in rural areas, ranging from 
agriculture and mining, to sites for 
towns, and to recreation places and 
wildlife habitat." 

With all of these choices available, 
the difficulty lies in blending together a 

community's chosen land use 

activities. Fragile riparian corridors can 

only support the activities that allow 
the rivers to survive and nourish the 
land. 

Contact Ervin 
Zube in the 
School of 
Renewable 
Natural 
Resources, 325 
Biological Sciences 
East, The 

University of Arizona, Tucson, AZ 
85721. (520) 621 -5462. 
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NEWS IN BRIEF 

Researcher of the Year 

DONALD V. LIGHTNER, Professor in the Department of 
Veterinary Science, received the 1996 Researcher of the Year 
Award at the Fall Faculty and Staff Meeting on October 17. 
This award includes a check for $1,000. 

Dr. Lightner is considered by his peers to be one of the 
foremost, if not THE foremost, Shrimp Disease expert in the 
world. He steadfastly maintains research funding at a level of 
more than $500,000 per year, publishes ten or more articles a 
year, and is called upon worldwide by the shrimp industry to 
consult regarding disease problems. He collaborates on 
several international, interdisciplinary research teams and 
hosts numerous visiting scientists. He currently directs the 
work of four doctorate and two masters degree students. 

Dr. Lightner has also gained national and international 
recognition for the Shrimp Pathology course he and his 
colleagues host every summer on The University of Arizona 
campus. This course now draws upwards of 50 attendees 
from all over the world. It is considered the best course of its 
kind anywhere and an essential one for individuals preparing 
to enter into this field. 

Dr. Lightner has given invited lectures in Australia, Colum- 
bia, Ecuador, France, India, Mexico, and Thailand as well as 
across the United States. He is the author of The Handbook of 
Shrimp Pathology and Diagnostic Procedures for Diseases of 
Cultured Penaeid Shrimp. 

The University of Arizona Herbarium 

Did you know there is a museum for plants on campus that 
is open to the public Monday through Friday from 9 -12 and 
1 -5? Plant specimens are collected, categorized and preserved 
for future study. The herbarium includes specimens and data 
for plants that grew in the Tucson basin when the population 
was much smaller and the Santa Cruz River flowed year 
round. 

The herbarium is used by botanists and students for 
research studies and class projects. Many others in the 
community use the herbarium as well. Law enforcement 
agencies may need to identify plants that are endangered 
species, plants that are the source of fibers and plants that 
help identify the scene of a crime. Arizona Poison Control 
uses the services of the herbarium to identify the source in 
cases of suspected poisoning. Horticulturalists may be 
looking for related plants to species that grow well in 
gardens. Homeowners may wish to identify weeds or rare 
plants or simply want advice on what plants to choose for 
their yards. 

The herbarium is located in 113 Shantz Building on the 
University of Arizona Campus, just southeast of the Forbes 
Building. Drop -ins are welcome and help is provided on a 
first come, first served basis. The home page may be found at 
http:/ /eebweb.arizona.edu /herb /herbhome.html. 

The information in this article was provided by Robert Leonard, Head of the 

Department of Plant Sciences, and Philip Jenkins, Assistant Curator of the Herbarium. 

Lucinda McDade of the Department of Ecology, who also teaches courses in Plant 

Sciences, is the Curator. 

Karnal Bunt Response 

Several College of Agriculture faculty are participating in a 
University of Arizona task force on the karnal bunt problem 
in Arizona. Members include Mike Ottman, extension 
agronomist and Al Simons, associate research scientist, both 
of the Department of Plant Sciences; Merritt Nelson, head of 
the Department of Plant Pathology; Mike Stanghellini and 
Bob Gilbertson, Professors of Plant Pathology; Steve Husman, 
agriculture agent with Maricopa County Cooperative 
Extension; Tim Knowles, agriculture agent with La Paz 
County Cooperative Extension; and Lee Clark, resident 
director of the Safford Agricultural Center. 

Karnal bunt is a fungal disease of wheat, which can affect 
the amount and quality of grain produced. It was first 
discovered in Arizona in March in durum wheat seed and has 
since been found in other varieties. Currently Arizona wheat 
must be certified as clean before harvested grain can be 
moved. 

Arizona AgNIC 

With the aid of a $55,939 grant from the National 
Agricultural Library, the University Library and several units 
in the College have designed a prototype subject module of 
the Arizona Agricultural Network Information Center 
(AgNIC). The national concept of an Agricultural Network 
Information Center is a dynamic World Wide Web -based 
resource to provide practical, current agricultural information 
and interactive learning tools to a broad constituency. 
Ultimately this resource will be used by students and faculty, 
clients of the College and Arizonans involved in ag- related 
industries and agencies. 

The Arizona team has developed a prototype module on 
range management. A demonstration was put together for the 
Council on Agricultural Research, Extension and Teaching at 
the NASULGC Western Regional Joint Summer Meetings. A 
presentation was also made to the Arizona Farm Bureau. 
Interest has been very high and the team is currently applying 
for grant support to enhance this site. 

Jeanne Pfander of the UA Library is the Arizona AgNIC 
Project Coordinator. Team members include Carla Casier, 
Michael Hazeltine, and Barbara Hutchinson, all of Arid 
Lands; Doug Jones and Carla Stoffle (Principle Investigator) 
of the UA Library; Robert MacArthur of the College 
Networking Group; Mitch McClaran and George Ruyle of the 
School of Renewable Natural Resources. In addition to the 
units contributing team members, other partners include the 
UA's College of Agriculture Agriculture Communications 
Systems and Cooperative Extension, Arizona State Public 
Information Network (ASPIN), the National Agricultural 
Library, and the Society for Range Management. 

Visit the first phase of Arizona AgNIC at http:/ / 
ag.arizona.edu/OALS/agnic/home.html. 
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Arizona Agricultural Experiment Station 

Total Research Funding 
Fiscal Year 1995/1996 

($48.8 million) 

State 
$19.7 million (40.4 %) 

Sponsored 
$27.1 million (55.5 %) 

Sponsored Sources 
Fiscal Year 1995/1996 

($27.1 million) 

Federal Appropriated 
$2.0 million (4.1%) 

Federal Government 
$17.9 million (66.0 %) 

Industry 
$3.0 million (11.1%) 

Counties /Cities /State 
$1.6 million (5.7 %) 

Foundations /Educational 
Institutions 

$2.4 million (8.9 %) 

Miscellaneous 
$2.2 million (8.1%) 
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THE UNIVERSITY OF 

ARIZONA® 
COLLEGE OF AGRICULTURE 

VISION, MISSION AND VALUES 

Vision 

To be the nation's leading College of Agriculture and to provide a better 

quality of life, through learning and development of knowledge, for our 

students, the people of Arizona and society. 

Mission 

The College of Agriculture stimulates learning through exploration and 

discovery to enhance agriculture, the environment, our natural resource 

base, family and youth well -being and the development of local commu- 

nities.We accomplish this mission by the integration, dissemination, and 

application of knowledge in the agricultural and life sciences. 

Values 

We will achieve continuous improvement in both program quality and 

employee development through: 

Cooperation and flexibility 

Honesty and integrity 

Open communication and trust 

Commitment and dedication 

Scholarship and innovation 

Diversity and mutual respect 
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