
f 

THE UNIVERSITY OF ARIZON 4. . 

AGRICULTURE. LEGE. 

AGRICULTURAL. EXPERIMENt STAPQN 
RESEARCH RfrORT 



From the Director... 

Congress recently passed the Agricultural Research, Extension, and Education 
Reform Act of 1998, more commonly known as the Research Title of the Farm Bill. Of 

interest to the State Agricultural Experiment Station System are specific requirements 
for merit and peer review of all activities, increased multi -disciplinary, multi -state and 
multi -functional activities and proscribed stakeholder input, all related to the use of 

federal funds. These activities are to be documented in a Plan of Work that must be 
submitted to the USDA for approval before expenditure of funds can occur. 

As we reviewed our current program to select the stories contained in this year's 
Research Report, it was evident (except for the Plan of Work) that, similar to most of the 
agricultural experiment stations around the country, we already meet these 
requirements. We have always listened to our stakeholders and the multi- state, multi- 
disciplinary activities have been a way of life for many years in agricultural research. 
This has resulted in new technology that has allowed us to double food production in 
the United States in the last 50 years while using less land. 

Demographic projections tell us that we will have to increase production at an even 
faster rate during the next 50 years. We believe the research results in this report 
represent at least part of the information needed to achieve this goal. 

My thanks to the publication staff and the faculty for their efforts in developing this 
report. As always, we encourage you to call or write if you have questions or need 
further information. 

Colin Kaltenbach 
Vice Dean and Director 
Agricultural Experiment Station 
kltnbch @ag.arizona.edu 
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Fruit scarred by thrips 

Citrus Thrips in the Low Desert 
Testing ways to reduce their damage 

Citrus thrips don't ruin a lemon's 
pulp or juice, but they can make 
it look ugly enough for buyers to 

reject. For this reason, citrus thrips are 
considered the number one pest on 
citrus in Arizona, particularly in the 
low desert of Yuma County. 

"On large commercial trees, the 
immature thrips will feed on the rind 
of the fruit and cause scarring. As the 
fruit grows, it becomes more evident," 
says David Kerns, an IPM specialist at 
The University of Arizona's Yuma 
Agricultural Center. Second instar 
thrips damage the rind by piercing 
and sucking juices from the surface 
cells; adult thrips don't harm the crop. 
In addition to feeding on developing 
fruit, thrips also feed on young shoots. 
Although this does not reduce the 
yields of mature trees, it will often 
delay maturity of young non -bearing 
trees. 

The citrus pulp on damaged fruit is 
still perfectly edible, but most people 
hold commercial fruit to a higher 
standard than the backyard variety 
and won't buy it if it's blemished. In 
particular, Asian countries prefer 
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'What we've found is that once the fruit 
reaches more than an inch in diameter, 

it doesn't pay to treat it." 

Adult citrus thrip. 

perfect fruit, especially Japan. Because 
a lot of Yuma -grown citrus is exported 
to Pacific Rim countries, appearance 
definitely counts. 

For the last three years, Kerns and a 
team of technicians and research 
laboratory aides have been conducting 
several projects on lemons at the 
Agricultural Center and in commercial 
groves to develop management strate- 
gies for citrus thrips and thus reduce 
their damage. Along the way, one of 
their main goals is to reduce spraying 
in favor of monitoring and timing of 
controls. 

The research, sponsored by the 
Arizona Citrus Research Council, 
targets thrip population levels and 
fruit size; the guidelines for spraying 
certain pesticides and the preserving 
of predaceous mites; and pesticide 
efficacy. 

Fruit size and thrip population 
levels 

"We're trying to determine the thrip 
population level we should treat," 
Kerns says. "When we sample the 
grove, at what point are there enough 
thrips that significant fruit scarring is 
a possibility ?" The research began 
three years ago on untreated citrus 
located on the experiment station. 
Scientific literature maintains that 
citrus is susceptible to thrip damage 
beginning at petal fall and continuing 
through nearly 2 inches in size. Kerns 
wanted to investigate that aspect 
because nobody had studied it on 
lemons in the low desert. 

One -inch diameter fruit. 

"We wanted to be able to tell at what 
point the growers could quit spray- 
ing," he explains. From petal fall to 
when fruit traditionally ceases to be 
susceptible to scarring, the flowering 
and fruiting season runs from March 
or early April until the first part of 
June. If growers are spraying fruit up 
to two inches, they'll be spraying in 
June when citrus thrips are most 
difficult to control. 

"The temperatures are high, the 
thrips are reproducing rapidly, and a 
lot of insecticide is needed to control 
them," Kerns says. "What we've found 
is that once the fruit reaches more than 
an inch in diameter, it doesn't pay to 
treat it. Prior to that point a good 
threshold to use with immature thrips 
is about a ten percent infestation of 
fruit." 

The normal number of sprays is 
usually three in a light year, up to six 
or seven in a heavy year. That's a 
major expense, and this method 
eliminates at least one spray at the end 
of the season. Kerns tested the thresh- 
olds on nearly 500 acres of commercial 
groves that belonged to cooperating 
growers. Because the spring of 1998 
was fairly cool, the thrips did not build 
up the intense populations they had in 
previous years. Many growers fol- 
lowed the action threshold guidelines 
and sprayed only when the fruit size 
was quite small. 
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"A lot of them really liked our fruit 
size information," Kerns says. "When 
the fruit reached more than an inch in 
diameter they pretty much held off 
treating. We had growers who sprayed 
only once or twice and some didn't 
spray at all." Kerns and his team held 
workshops and field days, and 
presented information through the 
Citrus Newsletter, a monthly publica- 
tion issued by the Yuma Agricultural 
Center. 

Insecticide use guidelines and 
predaceous mites 

Another part of the study focused on 
which sprays should be used and 
under what circumstances. The 
researchers tested different products, 
including a new insecticide called 
Success, which does not kill the 
predaceous mites that feed on thrips. 

"When you spray for thrips with a 
harsh insecticide it takes out preda- 
ceous mites, parasitoids and other 
beneficials," Kerns says. "You'll often 
get phytophagous mites and mealy - 
bugs as secondary outbreaks." Since 
the thrips arrive earlier on the scene 
than the beneficial insects and arach- 
nids, growers have to figure out how to 
treat them without killing natural thrip 
enemies that can help later on. This 
next season Kerns will be looking more 
closely into the role the predaceous 
mites play in the system and how the 
right insecticides can be used in 
conjunction with them. 

Spraying an experiment. 

Insect efficacy trials 
In a related project the researchers 

are testing how long insecticides 
actually last on five acres of commer- 
cial citrus. There has been a lot of 
debate about this, and Kerns wants to 
find out whether or not the chemicals 
are really performing differently later 
in the season that at the beginning, or 
if it's just that thrips populations are 
exploding so much more rapidly in 
June that the chemicals can't keep up. 

"We've done a study using tech- 
niques similar to those developed by 
Joseph Morse at UC Riverside. We use 
tiny vacuum cleaners to collect imma- 
ture thrips and then transfer them into 
cages containing insecticide treated 
lemon leaves, checking to see how long 

Phytophagous two -spotted mites can damage citrus. 

We had 
growers who 
sprayed only 
once or twice 

and some 
didn't spray 

at all." / 

'We wanted 
to be able to 
tell at what 
point the 
growers 

could quit 
spraying." / 

these insecticides will still provide 
commercially acceptable mortality," 
Kerns says. In all cases the goal is to 
reduce spraying and increase the 
populations of natural enemies, while 
still preserving fruit quality. - Susan McGinley 

Adult citrus thrip. 
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Characterizing Calpains 
Implications for production agriculture and human health 

Calpains and calpastatin may not 
be household words but their 
action is as close to you as your 

own muscles. Calpains are calcium - 
dependent enzymes that are capable of 
destroying certain proteins in cells. 
Calpastatin is an inhibitor or brake 
that slows or hinders the ability of the 
calpains to destroy cellular proteins. In 
animals, these calcium- dependent 
enzymes and their inhibitor affect the 
way the muscle tissue grows or wastes 
away. If calpain activity is low or 
closely regulated, healthy muscle 
growth is the result, but unregulated 
calpain activity culminates in loss of 
muscle tissue and contributes to the 
development of certain diseases. 

"In humans and animals, skeletal 
muscles are constantly being made 
and degraded," says Darrel Goll, a 
professor in the Department of Nutri- 
tional Sciences at The University of 
Arizona who has studied calpains for 
20 years. "Muscle protein is part of 
this process. In humans, up to five to 
six percent of muscle mass per day is 
chewed up just to be replaced. This 
amount of turnover is rather remark- 
able. If you make more muscle tissue 
than the five to six percent, you grow. 
If you make less than that, you waste. 
Growth is the balance." 

Since the 1970s, when calpains and 
calpastatin were first identified, 
scientists around the world have 
worked to describe their action more 
fully and perhaps develop pharmaceu- 
tical ways of regulating them. This 
basic research, carried out at the UA 
and other institutions may lead to 
advances in treating heart disease, 
strokes, muscular dystrophy, and also 
contribute to improvements in the way 
domestic animals develop muscles 
consumed as meat. 

In the laboratory, Goll and his 
associates, Parker Antin, Constance 
Temm, Valery Thompson, Mei Cong, 
and Jinyang Cong, use a variety of 
tissues including human placental 
tissue, bovine skeletal muscle, and 
blood platelets from humans or cows. 
They watch how the calpains and 
calpastatin are produced, how they 
behave, and how genes may be dis- 
rupted. They notice what happens 
when the balance of calpain activity to 
calpastatin activity changes. 

"We're studying how they work and 
how their activity is controlled in 
living cells." Goll says. "We're at- 

tempting to 
identify and 
characterize their 
action, and we're 
also looking at the 
way calpains and 
calpastatin behave 
in promoting or 
reducing muscle 
growth. It seems 
that anything in 
the cell that 
disturbs the regulation of calcium 
seems to result in unregulated calpain 
activity. That's the current theory." 

Research in the past seven years has 
identified eleven molecules that seem 
to be related to the calpain family. 
None of these newly identified mol- 
ecules has been characterized scientifi- 
cally. One of them is found only in 
skeletal muscle and has been identi- 
fied as the gene involved in a particu- 
lar type of muscular dystrophy called 
limb girdle muscular dystrophy, Type 
2A. Although the gene has been 
identified, the protein has not been 
obtained despite efforts by Goll and 
his laboratory and a number of labora- 
tories around the world. 

Goll says there's enough calpain in 
muscle tissue to destroy it in ten 
minutes, yet this doesn't happen, so it 
seems that only one or two percent of 
the calpain in muscle is active at any 
one time and that something is keep- 
ing the rest of it turned off. Scientists 
believe that's what calpastatin does. 
When it's absent or its action is 
repressed, calpains in muscles go 
wild. In growth, it's not how fast 
muscle tissue is formed, but the rate of 
breakdown that frequently determines 
whether animals grow and how fast 
they grow, according to Goll. 

In animal agriculture, the calpain 
system also affects the quality of the 
meat. Although animals can grow 
faster without degrading proteins in 
their systems, such circumstances may 
also result in tougher meat. Goll 
believes it will be possible to develop 
products to enhance the rate and 
efficiency with which domestic 
animals deposit edible skeletal muscle. 
However, he believes there's a long 
way to go in completely understand- 
ing the way calpains and calpastatin 
actually work. 

"The only thing we know for sure 
that calpains do is make meat tender," 
Goll admits. "The interest in their 

Electron micrographs show the effects of specific calpains on 

bovine skeletal muscle. 

activity lies more in learning what they 
do and how they do it." 

Goll's research is sponsored by the 
USDA for agricultural applications in 
domestic animal growth and by the 
Muscular Dystrophy Association and 
Bayer for human health purposes. The 
UA research may lead to advances and 
new products in both fields. 

"The interest in the health field is 
enormous right now," Goll says. "It's 
90 percent sure that much of the 
muscle- wasting activity in Duchenne 
muscular dystrophy and probably in 
other muscular dystrophies such as 
Lou Gehrig's disease is from unregu- 
lated calpain activity." He adds that 

also result in 
muscle damage that is caused from 
runaway calpain activity, and that 
although calpain- inhibiting drugs 
would not repair the tissues, they 
would reduce tissue damage and 
reduce recovery time. 

"If such drugs could be adminis- 
tered soon enough after vessel block- 
age and loss of blood flow, there 
would be much less damage to the 
heart," Goll explains. "Although such 
drugs would not prevent heart attacks, 
they could reduce tissue damage and 
improve recovery." 

The research continues, and every 
discovery sheds more light on the way 
calpains work and how they might be 
regulated. In studies just completed, 
Goll and his associates have found 
that in embryonic skeletal muscle, 
calpains are necessary to form muscle 
cell fusion. It enables the cell in its 
early stages to continue fusing and to 
eventually to form a mature muscle 
cell. Because they are essential for 
muscle development in embryos, the 
calpains are not always the "bad 
guys" nor is calpastatin the "good 
guy." Together, they form a part of a 
complex balance of proteins that is 
essential in stimulating and sustain- 
ing muscle development. - Susan McGinley 
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Sonoran Pronghorns and Air Force Overflights 
Monitoring the effects o f military activity 

OFn a cool winter morning in 
ebruary 1998, a professor, a 

technician and a graduate 
student in the School of Renewable 
Natural Resources drove to the Barry 
M. Goldwater military refuge near Ajo. 
They arrived at dawn, set up their 
binoculars and spotting scopes at one 
of four designated spots, opened their 
notebooks and waited. When the 
bombing and strafing of military 
exercises began about three to seven 
kilometers away, the research team 
recorded the number and behavior of 
any pronghorn antelope that were in 
the area. 

This was the beginning of a three - 
year project that will answer questions 
about the well -being of the Sonoran 
pronghorn, an endangered species, on 
military proving grounds that have 
been overflown for 40 years. The study 
began after years of negotiations with 
the United States Air Force. Luke Air 
Force base is sponsoring the study in 
cooperation with the Air Force Center 
for Environmental Excellence and the 
University of Arizona College of 
Agriculture (where the School of 
Renewable Natural Resources is 
housed), the U.S. Fish and Wildlife 
Service, and Arizona Fish and Game. 
The UA is handling the actual moni- 
toring and data collection, and sub- 
mits monthly reports to the Air Force. 

Paul Krausman, a professor in the 
School of Renewable Natural Re- 
sources and leader of the project, 

Debbie Landon measures wind speed. 

Luke Air Force Bose biologist Bill Miller and UA graduate research assistant Debbie Landon 
observe pronghorns and military activity in the distance. 

supervises a crew of technicians and 
graduate students who meticulously 
track the pronghorns' whereabouts. 
They observe their behavior before, 
during and after the military exercises, 
at four different locations that are two 
to ten kilometers apart. 

"Game and Fish has radio collars on 
several animals, which helps us locate 
them," Krausman says, "but most of 
the pronghorn we've been able to 
observe do not have radios." 

Besides observers, the project also 
includes a team of technicians and 
graduate students who go out to the 
range each morning when there will be 
live fire, to search that particular area 
for pronghorn. If the animals are found 
in the vicinity, the Air Force calls off 
active fire within three kilometers of 
the animals. 

"What's nice about this project is 
that involves cooperation," Krausman 
says. "The only way a project like this 
can succeed is if you cooperate with 
the stakeholders. That is the case 
here." Krausman notes that the 
university's neutral, scientifically - 
oriented stance toward research can 
help in sensitive situations like this, 
where objective data are needed amid 
conflicting opinions regarding wild- 
life. "Unbiased research can help 
answer questions," he says. 

The preliminary results of this study 
may be surprising to those who might 
expect the explosions and fast -moving 
aircraft to affect the pronghorn in at 
least some way. 

"So far, we've had more than 500 
hours of observation time, and about 
100 instances of pronghorn interacting 
with overflights," Krausman says. 
"Out of that, we've had no detectible 
responses to military activity. The 
animals are behaving the same as 
before, after and even during over- 
flights." 

In the next phase of the project, he 
plans to address possible hearing 
losses among the pronghorn, that 
might account at least in part for their 
apparently normal behavior. 

"Because the pronghorn are an 
endangered species we can't capture 
them, but we can capture desert mule 
deer, a similar species, and test their 
hearing," Krausman says. 

Krausman plans to capture mule 
deer from the range and test their 
hearing, then also test mule deer from 
off the range that have not been 
subjected to the overflights. They will 
measure their auditory brain stem 
response to noise levels. The team has 
already established that desert mule 
deer have the same hearing ability as 
pronghorn. - Susan McGinley 
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"We thought maybe we 
could replace toxin 

detection with detecting 
the gene for the toxin." / / 

Clostridium perfringens 
New ways to type strains of a deadly bacteria 

lht has killed minks on a ranch in 
Montana, sheep in Australia, 

undreds of pigs and cattle across 
the U.S. and even a rare shoebill stork 
at the San Diego Zoo. Exhibiting 
frighteningly violent and rapidly 
progressing symptoms, Clostridium 
perfringens- induced intestinal diseases 
have confounded livestock producers 
and veterinarians around the world, 
along with medical doctors who at 
times have been stunned to diagnose 
in humans what is more commonly 
considered an animal disease. 

"The organism is so promiscuous in 
terms of its hosts that it's found 
wherever there are domestic animals," 
says Glenn Songer, a veterinary 
scientist in the College of Agriculture 
at The University of Arizona. "It makes 
a lot of toxins, and it's almost always 
lethal." 

Many years ago scientists developed 
a scheme where they divided the 
bacterium into five types based on 
production of four toxins. These four 
main toxins - known as alpha, beta, 
epsilon and iota toxins - combined 
with many other toxic substances 
created by the bacteria, produce nearly 
25 different diseases. 

Diagnosing a clostridial disease 
requires isolating the pathogen and 
determining which toxins are in- 

volved. The three traditional 
means have included: 
1. growing the organism in 

liquid culture, getting rid of 
the bacteria and looking for the 
toxins 

2. searching for toxins in the gut of an 
animal already dead from the 
disease 

3. injecting the toxins into mice or 
guinea pigs and neutralizing them 
with specific antibodies to see 
whether the toxic effect is from that 
particular strain. 

All of these methods have drawbacks, 
including the tendency to yield false 
negatives by not being sensitive 
enough; false positives from a lack of 
specificity; and a humanitarian 
concern with the guinea pig and 
mouse assays. (They are no longer 
commonly used.) 

Songer has been working since 1990 
with graduate student Ralph Meer, 
now a UA nutritional scientist, with 
Dawn Bueschel, a research technician 
in the Department of Veterinary 
Science and Microbiology, and with 
graduate students to find a practical 
way to assay isolates of the disease. 
They have developed what is called a 
multiplex polymerase chain reaction 
(PCR) assay that allows simultaneous 

Tissue gram stain of foal intestine showing C. perfringens activity in blackened areas. 
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Clostridium perfingens bacteria on a blood 

agar plate. Double zones of hemolysis 

(breaking down of red blood cells) surround- 

ing the bacteria indicate toxin production. 

detection of the four major toxin genes 
plus the gene for enterotoxin, for C. 
perfringens in one test. 

This represents a major break- 
through, since individual tests were 
previously needed for each toxin. It 
also eliminates the "silent gene" 

problem inherent in the other assay 
techniques, where certain toxin genes 
went undetected. Because vaccines are 
only effective if they target the exact 
toxin responsible for the illness in an 
individual animal, this method will 
help speed diagnosis of C. perfringens 
in disease outbreaks and assist the 
development of specific vaccines. 
"We hypothesized that if the toxin is 
being produced, then the gene has to 
be there," Songer says. "We thought 
maybe we could replace toxin detec- 
tion with detecting the gene for the 
toxin. We developed a method based 
on polymerase chain reaction, where a 
small number of DNA sequences are 
amplified. We determined the se- 
quence of the gene to make the primers 
and then developed the assays." 

Songer and Meer took field isolates 
from animal, human and feed sources 
and compared the genotypes they had 
found with the phenotype, or actual 
physical attributes of the bacterial 
toxin production already established 
through traditional assays. They 
obtained 100 percent agreement, first 
using an assay in which they ran 
separate reactions for each of the four 
major toxin genes. Then they adapted 

The University of Arizona College of Agriculture 



Once an animal contracts a disease 
caused by Clostridium perfringens it's 
often too late to do anything about 
it, according to Glenn Songer, UA 
veterinary scientist. Death comes 
quickly and violently. This type of 
bacteria, occurring in five different 
strains identified by toxin type, 
produces a host of toxic proteins; 
nearly twenty have been described 
scientifically and there may be 
more. These toxins can act rapidly 
in the body, causing severe diar- 
rhea, dysentery, gangrene, muscle 
infections and various other forms 
of enteric (gut) disease. The symp- 
toms vary in intensity and variety 
depending on the individual toxin 
and its host. 

C. perfringens can cause disease in 
most domestic animals and some 
wildlife, including horses, poultry, 
sheep, birds, rabbits, goats, hogs, 
cattle, mink, ostrich, emu, dogs, 
cats, and others. Humans have also 
become infected, although cases of 
enteritis have been localized, most 
notably in the highlands of Papua 
New Guinea where it occurs as a 

A Potentially Lethal Pathogen 
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Grain -stain of equine intestinal tissue 

showing gram -positive rods of 
Clostridium perfingens (stained dark). 

severe, usually fatal form of food 
poisoning that kills the small intes- 
tine. 

In spite of its potential danger as an 
infectious agent, the avirulent 
forms of bacillus are commonly 
found in the intestinal tracts of 
warm -blooded animals, and it also 
inhabits terrestrial, marine and 
aquatic environments. The trouble 
starts when the balance of bacteria 
in the gut is disrupted, giving C. 

perfringens a chance to proliferate 
unchecked. It may contaminate 
soil, animal feed and litter, or be 
transmitted directly from infected 
to healthy animals. 

C. perfringens related livestock 
infections have been reported in 
every state in the nation and in 
most parts of the world. Although 
surgery can save human victims, it 
is often not feasible to perform it 
on domestic animals. The most 
practical way to handle perfringens- 
related illnesses in animals is to 
prevent them in the first place. 

this to a multiplex test to detect all 
four, plus the enterotoxin gene, simul- 
taneously. The test was up and 
running by 1994, and Songer says the 
UA lab has used it to diagnose thou- 
sands of C. perfringens- related illnesses 
at the request of community and 
scientific professionals. 

"We get five to ten calls a week from 
people who want information," he 
says. "We've typed 3,000 isolates on 
request, from all across the North 
America." The lab has served practic- 
ing veterinarians, livestock producers, 
and professionals from biologics 
companies. The tests usually focus on 
clostridial enteritis diseases in tradi- 
tional food animals: dairy and beef 
cattle, sheep, goats, pigs; plus some 
cases with ostriches, llamas, alpacas, 
mink and horses. 

When a very valuable thoroughbred 
foal died in California, Songer and his 
team worked with diagnosticians from 
UC Davis to determine the cause. "We 
were able to pin this down as a 
perfringens- related death," he says. 

"We've also had extensive contacts 
with the San Diego Zoo's Center for 
Reproduction of Endangered Species 
(CRES). The center breeds endangered 
animals in captivity and then releases 
them into the wild. Songer's team has 
assisted them in preventing and 

The test was up and running 
by 1994, and Songer says the 

UA lab has used it to 
diagnose thousands of C. 

perfringens- related illnesses 
at the request of community 
and scientific professionals. 

diagnosing enteric diseases. 
Although state veterinary diagnostic 

laboratories in Washington, Texas, 
Kentucky, Alabama, Indiana and other 
states are using the test, Songer says 
many labs still send their isolates to 

the UA. In some cases biologics 
companies and livestock producers 
have been able to work together to take 
isolates from the ranch animals and 
have the company make a vaccine. 
"The idea is that if the organism is in 
their own herd, producers can use that 
specific one to target the disease with a 
vaccine," Songer says. 

Through the UA Department of 
Veterinary Science and Microbiology 
web site, Songer says he has gotten 
e -mails and inquiries from all over the 
world, including South Africa, New 
Zealand, Norway, Canada and Japan. 
The web site describes the multiplex 
PCR assay and gives instructions on 
how to send in samples for C. 
perfringens genotyping. For more 
information, view the web site at 
microvet.arizona.edu. Using the 
navigation bar on the left side, click on 
"Research." - Susan McGinley 
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Mothers Turn to Their Adolescent Daughters 
The effects o f con fiding after divorce 

Dwivorce is painful enough 
ithout having lost a partner to 

confide in. Many women, left on 
their own with children to take care of 
and a life to rebuild, begirt to discuss 
some of their frustrations ands/prob- 
lems with their own children! These 
women may have lost their support 
group and may be unwilling to turn to 
other relatives for support. No one 
really knows what effect this type of 
conversation has on sons and daugh- 
ters. Do they become more anxious or 
depressed? Do they want to take care of 
their mothers or avoid the whole 
problem by indulging in risky behavior? 

Susan Silverberg, a professor in the 
family studies division of the School of 
Family and Consumer Resources, 
recently completed a study that asked 
adolescent daughters and their 
divorced mothers just how they felt 
about these issues. 

"We know there is a lot of diversity 
among families where there is di- 
vorce," Silverberg says. "Some adults, 
children and families are doing better 
than others." Not much research has 
been conducted in this area, so 
Silverberg had to narrow her focus to a 
manageable study population. Her 
project focused on the mother- daugh- 
ter relationship within the first two 
years following the mother's divorce. 
At least one of the children had to be 
an adolescent girl between the ages of 
11 and 17. 

Attempting to make the group 
representative of southern Arizona, 
Silverberg selected her subjects by 
perusing divorce records at court- 
houses in Pima and Maricopa coun- 
ties, and four rural counties in south- 
ern Arizona. Assisting her were a 
number of very able graduate and 
undergraduate students. They ob- 
tained a random sample of cases filed 
between May 1994 and July 1995, sent 
out letters and questionnaires, and 
eventually received full, valid re- 
sponses from 62 mother -daughter 
dyads (pairs). 

Each mother and daughter filled out 
separate, private detailed question- 
naires. Part of the survey instrument 
contained forced -choice questions for 
statistical analysis; the other featured 
open -ended questions where the 
respondent could write about feelings 
and perceptions that could be catego- 
rized and analyzed. 

To prepare the survey instrument, 
Silverberg conducted focus groups 
with a few mothers who had been 

divorced and had adolescent daugh- 
ters. This helped the team in adding 
questions and response choices they 
might not have developed on their own. 

"We looked at the extent to which 
mothers disclose personal information, 
concerns, feelings and complaints to 
their daughters," Silverberg explains. 
"We covered a range of topics, from 
leisure issues, hair and makeup, to 
disclosure about financial concerns, 
the mother's complaints and anger 
about the ex- husband, and the 
mother's talk about sexuality needs 
and experiences." The lengthy ques- 
tionnaire also asked about men in 
relationships, and the extent to which 
daughters act as an emotional support 

"I don't want my daughter to know 
just how bad our money problems 
are." - Mother of I2- year -old daughter 

"My mother does not like my father, 
and openly expresses this for my 
benefit to know his true side. I hate 
this. I do not like being in the 
middle of my parents. I am not 
always sure what to believe because 
my dad seems different with me, 
when I see him." -A I6- year -old daughter 

or giver of advice to the mother. The 
survey was part of a larger study, the 
Mother- Daughter Life Transition 
Project. 

Silverberg concentrated on three 
main disclosure topic areas: the 
mother's financial concerns, the 
mother's complaints /anger toward the 
ex- husband (the adolescent girl's 
father), and intimacy /sexuality needs 
of the mother. She chose these areas 
because they may emerge or intensify 
following divorce, because they are 
considered either private or taboo, and 
because they can be emotionally 
sensitive. In short, they might be 
construed as topics that would "place 
daughters at some risk for adjustment 
difficulties," according to Silverberg. 

As influencing factors, she looked at 
the age of the daughters and whether 
or not they tended to worry about their 
mothers. 

Overall, the survey results showed 
that most of the mothers had discussed 
their financial situation and expressed 
complaints or anger about their ex- 
husbands with their daughters; not all 
of them discussed sexual intimacy. 

The amount of detail and the motiva- 
tions for these talks varied, depending 
on the subject. Some mothers were just 
letting off steam, giving information, or 
trying to build a closer relationship. 
Others said they specifically brought 
these subjects up for the daughter's 
benefit, to influence her impression or 
view of the father or of the divorce in 
general. 

As might be guessed, the daughters' 
responses varied with the type of topic. 
The most emotional responses resulted 
from the questions about the mothers' 
discussing her attitude toward her ex- 
husband with the daughter. This type 
of disclosure revealed relatively high 
levels of emotional intensity, Silverberg 
says. 

The depth of maternal disclosure 
regarding finances and anger toward 
the ex- husband appeared to be associ- 
ated with depressive symptoms (not 
clinical depression) in the daughters' 
reports. These included feeling hurt, 
torn, upset or confused. Disclosure 
from the mother regarding sexual 
intimacy, on the other hand, was 
positively related to the daughters' 
problem and risk behavior only. Risk 
behavior included drinking, smoking 
cigarettes, taking drugs, or having 
dating /sexual problems. 

"Yet when we looked at the larger 
picture of mother disclosure to daugh- 
ters about men in relationships in 
general, that was unrelated to the 
daughters' mental health or problem/ 
risk behavior," Silverberg adds. 

Individual disposition made a 
difference as well: daughters who had 
a tendency to worry about their 
mothers were more likely to report 
negative or depressive feelings if their 
mothers talked in detail with them 
about these topics. Surprisingly, the 
daughter's age did not seem to be 
related to her degree of discomfort as a 
result of these discussions. 

Silverberg is quick to point out that 
mother -daughter communication is a 
good thing as long as mothers remain 
aware of the effects some of their talks 
can have on their daughters. 

"The implications here are for family 
life educators and counselors," she 
says. "We do want to encourage 
mothers and daughters to have strong 
relationships. Now we're helping 
mothers to see where they can build a 
strong relationship and where there 
are more sensitive issues." - Susan McGinley 
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Measuring PM -10 Dust in Cotton 
Tillage systems can make a difference 

rive down a dirt road or till an 
open field and you're bound to 
raise some dust. Are you 

violating air quality standards? Yes, if 
your emissions exceed current stan- 
dards for airborne particulates that are 
less than ten microns in diameter (PM- 
10). Since the late 1980s, when the 
Yuma -Somerton area and parts of 
Maricopa County were found to be in 
violation of the National Ambient Air 
Quality Standards (NAAQS), work has 
been underway to evaluate different 
minimum tillage systems to reduce 
emissions. 

At the request of the Arizona Depart- 
ment of Environmental Quality, a UA 
agricultural engineer has been measur- 
ing particulate emissions from five 
different tillage systems and has 
evaluated the appropriateness of an 
equation used by the EPA to estimate 
emissions in Yuma -Somerton and 
other areas. In his work he is quantify- 
ing particulate emissions from tillage 
operations and assessing the magni- 
tude of reduction that would be 
obtained if reduced tillage practices 
were adopted. 

"In the EPA analysis, forty percent of 
the emissions were attributable to 
agriculture, forty percent were from 
dirt or gravel roads and twenty percent 
were from everything else," says 
Wayne Coates, from the UA Office of 
Arid Lands Studies in the College of 
Agriculture. "We measured all field 
tillage operations for five different 
tillage systems during three cotton 
seasons. We found the initial equation 
was wrong to begin with. The EPA 
was overestimating because the base 
equation, known as the AP-42 emis- 
sion factor equation, has only one 
variable in it: silt content." 

This is a problem, Coates says, 
because "the equation does not take 
into account potentially important 
factors such as implement velocity, 
implement type or soil moisture 
content." To test it, he compared the 
actual measured emissions from the 
following systems: conventional 
tillage, USM (uproot /shredder/ 
mulcher), a stalk puller, modified 
conventional and Sundance (devel- 
oped at Sundance farms in Coolidge). 

He also projected emissions from 
these systems using the AP-42 equa- 
tion and compared the results with his 
measurements. The measured emis- 
sions were half of those predicted by 
the equation. Coates has testified 
before a U.S. House subcommittee on 
this issue. 

Coates directly sampled the dust 
plumes formed behind tillage imple- 
ments between 1991 and 1995 at the 
UA's Yuma Valley Agricultural 
Center. "We set up monitors and 
sucked the dust onto filters and then 
weighed the dust collected on them," 
he explains. "We measured all the 
operations, from standing cotton stalks 
until planting." The measuring 
apparatus was a grid of 16 openings 
connected by tubes to the air samplers; 
it took a sub -sample of the dust plume. 

The goal was to provide improved 
data to document more accurately the 
dust contribution from agricultural 
tillage operations. Coates believes 
farmers should not be penalized for 
something they haven't done. "They're 
responsible for part of the problem but 
not all of it," he maintains. "Forty 
percent at Yuma is ridiculous." 

In addition to meeting NAAQ 
standards, minimum tillage has other 
payoffs for growers. 

Flail shredder with dust measurement device. 

"The farmers' minimum tillage will 
not only reduce dust emissions and 
the time spent in the field, but it will 
also reduce costs," Coates points out. 
"There is an energy savings there in 
fuel dollars." Tests run on the UA 
Marana Agricultural Center over a five 
year period have shown that reduced 
tillage does not produce more soil 
compaction. 

Not all of the tillage systems per- 
formed equally well in the study. The 
number and type of operations made a 
difference. Coates found that the USM 
implement and and puller produced 
the fewest emissions. "The Sundance 
uprooter produced the greatest emis- 
sions, while the emissions from rip - 
listing, shredding and mulching were 
not significantly different from one 
another," he states. Overall the best 
system was the puller, followed by the 
USM. 

During the 1998 session, the Ari- 
zona Legislature passed a law creating 
a task force to set up best management 
practices (BMPs) for field operations to 
help reduce dust in the air. Coates 
believes his research will contribute to 
reasonable standards growers can aim 
for in carrying out these BMPs. To 
further his work, he has received a 
three -year Sustainable Agricultural 
Research and Education (SARE) grant 
to conduct more measurements at 
different sites in Arizona. - Susan McGinley 

The Issue 

Dust produced through tillage opera- 
tions can result in lost topsoil, reduced 
visibility, hazards for equipment operators 
and reduced air quality. Growers would 
like to reduce dust emissions from farm 
practices, and in the past decade several 
tillage implements have been developed 
to deal with the problem. The idea is to 
cut through the soil in a way that 
mechanically raises less dust, and also to 
cut down on the number of passes the 
tractor needs to take across a field to 
prepare it for the subsequent crop. 

The Clean Air Act authorized the 
creation of the National Ambient Air 
Quality Standards (NAAQS) in 1970. 
These regulations, designed to protect 
public health, specify the size and 
amount of dust particulates that are 
permissible in different areas of the 
United States. The regulations apply to 
suspended particulates less than ten 
microns in diameter. Areas that violate 
these standards must develop plans to 
reduce emissions. 
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Cotton's Year for Lygus 
The situation and the plan 

fter years of lesser status as a 
cotton pest, lygus bugs returned 
'n full force during Arizona's 

1998 cotton season. Weather, crop, and 
insecticide use factors came together to 
create an ideal breeding ground for an 
exploding population of lygus that 
reduced yields in some areas to as low 
as three quarters of a bale per acre. 
Growers in both central and south- 
western Arizona have suffered sub- 
stantial crop losses, plus skyrocketing 
control costs totaling over $150 per 
acre. 

Managing lygus successfully is a 
long -term process that involves more 
than chemical controls, according to 
Peter Ellsworth, an entomologist at 
The University of Arizona's Maricopa 
Agricultural Center. That process 
includes a combination of ongoing 
field sampling for lygus; observing 
appropriate thresholds recommenda- 
tions for spraying; careful selection 
and limited use of insecticides when 
necessary; and attempting to avoid 
lygus problems from the start. This 
takes careful planning and an invest- 
ment of at least three years to imple- 
ment a successful cooperative pro- 
gram, according to Ellsworth, who 
compares the lygus problem to the 
whitefly dilemma six years ago. 

"In 1992 we had a disaster with the 
whitefly," Ellsworth says. "By 1996 we 
had a solid, research -based pest 
management program in place that 
relegated the whitefly to minor pest 
status." With industry support, the 
College of Agriculture was able to 
focus its resources on developing an 
integrated pest management package 
that responded to community needs. 
Ellsworth believes that same kind of 

cooperation with 
appropriate funding 
can result in an 
effective lygus program 
in the near future. 

What happened in 
1998 that gave lygus 
carte blanche in the 
cotton fields? 

"It was a cascading 
set of interdependent 
causes," Ellsworth 
maintains. "All of 
them had to be in 
place." First, El Niño's 
rains produced a lush 
spring landscape full 
of the wide range of 
desert plant species 
that Lygus prefer for overwintering. 

Second, certain strategically placed 
seed crops at the right stage of growth 
served as bridging hosts just as the 
spring desert species died back. The 
Lygus migrated to safflower in the 
Yuma Valley and to seed alfalfa in 
central Arizona, where they continued 
to feed and increase in great numbers. 
Lygus feeding doesn't pose an eco- 
nomic threat to safflower, but Lygus 
damage seriously affected the seed 
alfalfa in many cases this year. Control 
this year in seed alfalfa was exceed- 
ingly difficult, according to Ellsworth. 
He says growers do not yet have all the 
necessary tools and strategies in place 
to handle heavy Lygus infestations in 
alfalfa. 

Third, the wet spring conditions 
delayed cotton planting by three to 
four weeks in many areas, or forced 
fields to be replanted, which displaced 
the fruiting cycle to coincide with large 
numbers of Lygus coming out of 

Three Lygus nymphs of different ferent sizes. 

12 

harvested safflower and seed alfalfa 
fields during peak cotton flowering. 
Lygus are flower and seed feeders; they 
pierced and sucked the cotton squares 
and young bolls until they dropped. 
With so much late- maturing food 
around, the Lygus were able to hang on 
longer than usual. 

"This led to an incredible, sustained 
Lygus wave," Ellsworth says. "We saw 
areas where growers had to contend 
with Lygus for as many as 12 weeks." 

Jeff Silvertooth, a UA cotton agrono- 
mist, says that in one of his own cotton 
projects in central Arizona he went 
from 75% retention to 65% over a five - 
day period, and from 65% to 25% in 
the next five -day period. Yields 
dropped to less than two bales per 
acre. The best he saw in hard -hit areas 
was about 2.5 bales per acre, compared 
to 1997 yields of 3.5 bales per acre or 
more. In these same hard -hit areas, 
yields of approximately 1.0 bale per 
acre or less were common. 

[The] process includes a combination of ongoing 
field sampling for lygus; observing appropriate 

thresholds recommendations for spraying care- 
ful selection and limited use of insecticides when 
necessary; and attempting to avoid lygus prob- 

lems from the start. 
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"You might think that safflower and 
seed alfalfa are a bad thing, but that's 
not true," Silvertooth says. "We need to 
diversify our crop mix, but when we 
do that it's a package deal: you have 
markets to explore, but you also have 
crop -pest relationships to deal with. 
You need collaboration, and strategies 
to deal with a new system. Maybe the 
cotton and safflower growers need to 
get together and talk about where they 
are planting, how fields can be scouted 
and managed in terms of the crop and 
insect pests." 

This interlocking system becomes 
more apparent with Ellsworth's 
observation that the whitefly 
program's insect growth regulators 
(IGRs) and transgenic Bt cotton for 
pink bollworm reduce the need for 
broad spectrum insecticides in the 
cotton fields, thus allowing more lygus 
to flourish. This is why integrated pest 
management programs should be 
developed in the context of whole 
systems, Ellsworth says. "So often we 
tackle one problem and another pops 
up in its place. The pests' ability to 
resist insecticides is an even greater 
incentive to develop integrated solu- 
tions." 

With funding from the Arizona 
Cotton Grower's Association and the 
Arizona Cotton Research and Protec- 
tion Council, Ellsworth and a team of 
cooperating scientists began a pro- 
gram in 1997 to address integrated 
lygus management in cotton. This 
program has established the basis for a 
procedure aimed at reducing insecti- 
cide use through adequate field 

'We saw areas 
where growers 
had to contend 
with lygus for 
as many as 12 

weeks." 

Test plots: left side was treated three times for lygus and yielded 
2.4 bales /acre; right side was untreated and yielded about 0.8 
bales /acre. 

sampling, adherence to threshold 
guidelines, and using the right com- 
pound for the job. Some of these 
measures still need further testing and 
refinement as they are incorporated 
into the larger cotton pest management 
program. In addition, Ellsworth 
recommends the following practices to 
prevent lygus damage in the first 
place: 
1. Plant early, produce the crop early, 

and terminate early. 
2. If possible, avoid planting near 

known lygus sources, especially 
safflower and alfalfa. If this is not 
possible, use these as trap or catch 
crops, then treat them before lygus 
"escape" (safflower), or strip -cut and 

Cotton square showing lygus surface damage. 

'We need to 
diversify our crop 
mix, but when we 

do that it's a 
package deal: you 
have markets to 
explore, but you 
also have crop - 

pest relationships 
to deal with." 

otherwise manage the availability of 
the host -trap (alfalfa) so that lygus 
are never forced to leave. 

3. Use tolerant or resistant cotton 
varieties when available. 

4. Do not water -stress the cotton. 
5. Manage other pests with a minimum 

of foliar insecticides by using IGRs 
for whiteflies and Bt cotton for pink 
bollworm. This will help lower 
insecticide selection forces in the 
crop and conserve the natural enemy 
community. 
Ellsworth and Silvertooth will each 

continue with their work in 1999 
dealing with entomological and 
agronomic aspects of cotton and 
cropping systems in Arizona. They 
also recognize the importance of 
integrating their information (pest 
management and agronomy) into 
practical and functional recommenda- 
tions that can be used in the various 
cotton -producing areas of Arizona. 

In 1999, Ellsworth hopes to see the 
availability of more tools in the lygus 
control arsenal. "While still building 
on the fundamentals of pest avoid- 
ance, crop management (including 
seed alfalfa and safflower), and 
community involvement," he says, 
"these new tools could add to and 
diversify our chemical control op- 
tions." - Susan McGinley 
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Cotton and Field Crop Costs and Returns 
Identifying risks and opportunities for the Central Arizona region 

o one can predict the future 
exactly, but agricultural 
economic analysis can assist 

farmers by identifying trends that 
might continue. A study of cotton and 
field crop prices, yields, and costs of 
production, completed in 1996 by UA 
agricultural economists Bruce Beattie 
and Jeff LaFrance, with Brett Franklin, 
an M.S. graduate student, indicates 
declining net returns per acre for 
cotton, wheat and barley, and stable 
figures for alfalfa. 

"The main problem is the downward 
trend on real prices of crops - it's 
been down since 1945 and it's not 
going to go away," Beattie says. "The 
message is that producers have to 
continue to fight hard to increase 
productivity by increasing yield and 
reducing costs per unit of output." 

The researchers conducted the study 
using historical field crop figures 
(cotton, alfalfa, wheat and barley) for 
three counties: Maricopa, Pinal and 
Pima. The study was part of a larger 
economic analysis of Central Arizona 
Project Canal water prices and their 
implications for growers. A report was 
presented to CalCot, and was also 
distributed to Cotton Incorporated. 

"This three -county area accounted 
for 74, 43, 65, and 85 percent, respec- 
tively, of Arizona's harvested acres of 
cotton, alfalfa, wheat and barley in 
1994," Beattie says. The analysis 
involved a time -path "forecast" 
framework, which is really a set of 
trend extrapolations, to address 
agricultural profitability. It focused on 
three key areas: 
1. real product prices received by 

producers 
2. crop yields per acre 
3. real costs of production per acre. 

Based on these forecasts, the research- 
ers were able to estimate a time -path of 
future real net returns per acre. They 
drew figures, starting from the middle 
of the 20th century, and made projec- 
tions into the next century using 
annual crop price data, yield data and 
cost of production data in their calcu- 
lations. "Real" costs and prices are 
those that have been adjusted for 
inflation. 

In the study, the "bottom -line" 
calculation involved multiplying the 
"forecasted" future price per unit times 
"forecasted" yield per acre and 

subtracting "fore- 
casted" variable costs 
of production per acre 
for selected future 
time periods to get at 
"forecasted" net 
returns (profitability). 

For product prices, 
the team used time - 
series data from 1945 
to 1994 for Pima 
cotton, upland cotton, 
cottonseed, wheat, 
barley and alfalfa, 
published by the 
Arizona Office of the 
National Agricultural 
Statistics Service 
(NASS). The figures 
showed a long 
historical decline of 
inflation -adjusted 
prices for all of these 
crops. 

The same source 
provided yield data for each crop: 
1950 -1994 for cotton, all three coun- 
ties; for wheat, Maricopa 
and Pinal counties, and 1968 -1994 for 
Pima County; 1956 -1994 for barley, 
Maricopa and Pinal Counties, no data 
for Pima County; and 1959 -1994 for 
alfalfa, all three counties. The simple 
linear time -trend model, with a one- 
year yield lag variable, showed a 
positive yet modest trend for all three 
commodities for all three counties. 

As for cost of production, they used 
data from 1975 through 1992 that are 
collected and published by the Ari- 
zona Cooperative Extension at The 
University of Arizona. 

"These simplified forecasts indicate 
that net returns per acre decline in 
each forecast year for upland and 
Pima cotton and wheat in all three 
counties and for barley in Pinal 
county," Beattie says. "A similar 
pattern is exhibited for barley in 
Maricopa County beginning in 2000. 
Out of net returns the producer must 
cover water cost and payments for 
capital investment (durable inputs) 
over the long run." As for alfalfa, he 
believes that net returns per acre do 
not decline for that crop because it is 
produced mainly for local markets. 
Because of high transport costs, 
Central Arizona probably won't 
become either a major exporter or 
importer of alfalfa. 
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"If we were to have done this study 
nationwide we'd have gotten similar 
results," Beattie says. "Arizona is not 
unique. The long -term trend in prices 
is flattening and it isn't going to rise 
any time soon. The worldwide level of 
competition is going up, not down, as 
trade barriers are reduced." Other 
factors that will influence field crop 
profitability in the future include water 
costs, the public's attitude about open 
space and agriculture's place in 
preserving it, and keeping up research 
conducted locally to improve produc- 
tion in different microclimates across 
the state. 

Beattie says that consumers also 
benefit from agricultural production 
research. "The winners from that are 
not mainly agriculturalists but rather 
consumers. If you have declining real 
prices for food, as has been the case in 
the U.S., that obviously helps the 
consumer." 

Despite the bleak figures, Beattie 
does believe that continued agricul- 
tural productivity improvements will 
offset some of the negative effects of 
declining product prices on profitabil- 
ity. "It's naive to think we're not going 
to continue to make progress on yield 
in all areas," he says. "Small improve- 
ments are definitely in the future, and 
they will have a large impact on our 
cost of production per unit of output." - Susan McGinley 
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The Maricopa Environmental Monitoring Site 
Strategies for measuring field infiltration 

en water enters the soil 
surface, it descends through 
the vadose, or unsaturated 

zone, where it dissolves soluble 
minerals and carries them in solution 
down to the water table. If contami- 
nants are present they will be swept 
along as well. These may include 
pesticides in agricultural fields, or 
solid wastes at federal dump sites; 
either way, they eventually will reach 
the ground water, affecting water 
quality. Monitoring systems can help 
track the movement of these sub- 
stances. "If you have a landfill or 
disposal site, you'd like to know 
what's going on underneath the soil 
surface," says Peter Wierenga, head of 
the Department of Soil, Water and 
Environmental Science at The Univer- 
sity of Arizona. "Are there chemicals 
leaching into the ground water? To 
find that out you need instruments 
under the disposal site to measure 
what's going on." 

Wierenga has tested four different 
strategies for monitoring water and 
chemicals as they pass through the 
vadose zone. Working with soil 
scientist Arthur Warrick, research 
scientist Michael Young, data techni- 
cian Sherry Musil, and a group of 
graduate and post -doctoral students, 
he set up a series of experiments on a 
one -acre plot at the College of 
Agriculture's Maricopa Agricultural 
Center. 

Their research was funded by the 
Nuclear Regulatory Commission in 
Washington D.C. Wierenga says the 
NRC was interested because they plan 
to decommission some of the facilities 
where nuclear materials were used or 
produced. The waste these facilities 
have produced must be stored, and the 
subsoil around the storage areas 
monitored. 

"At the ag center we designed a field 
site that simulates what you might 
have in the real world, but on a smaller 
scale," Wierenga says. The test area 
consisted of bare ground criss- crossed 
with a very dense surface drip system 
set up in a 30 x 30 cm grid for applying 
water and selected tracking 
chemicals. The water table lies 35 feet 
below. Heavy -duty plastic pond 
liner covered the ground. 

"That way, we'd know that all the 
water we applied went into the 
ground, with nothing escaping into 

the air," Wierenga says. For the first 
strategy, a trench five feet deep was 
dug across the length of the plot and 
fitted with instrumentation placed 
along the trench wall. The second 
method featured a highway culvert 
sunk vertically into a hole ten feet deep 
and five feet wide. At various intervals 
down the length of the culvert, soil 
measurement instruments were 
installed through the wall into the 
undisturbed soil. 

In the more conventional third 
strategy, instruments were placed at 
different depths into six -inch diameter 
bore -holes scattered across the 
plot. The holes were then backfilled to 
the soil surface. For the fourth system, 
geophysical techniques measured 
water movement from the soil 
surface all the way to the water 
table. These techniques included 
electromagnetic induction methods, 
and cross -bore -hole tomography, an 
intricate and sophisticated technique 
that measured electrical resistance 
between boreholes at different 
intervals. A computer model was then 
used to resolve how deep the water 
had penetrated. 

For the first three systems, the 
following instruments were used: 
neutron probes, tensiometers, heat 
dissipation sensors and suction 
lysimeters, (to extract a small volume 
of water from the soil for analysis). The 
researchers also took measurements of 
the ground water concentration. 

Most of the instruments worked as 
the researchers had suspected they 
would. The water moved down as 
expected also, but as it moved into 
deeper layers the scientists found that 
water movement became more 
uniform. However, where they had a 
leak water would move more rapidly. 

"If you do have leaks, there's no 
doubt that the water will be carried to 
the ground water much faster," 
Wierenga says. "We simulated a slow 
leak, but were not able to simulate 
something like a tank bursting." To 
track chemical movements, he used 
bromide, an innocuous chemical. 

All of this instrumentation generated 
intensive amounts of data. Wierenga 
found that the neutron probe gave 
good data for many practical 
situations. He especially liked the 
horizontal neutron probe access tube 
installation. In this case, the access 

Technology transfer meeting on -site. 

tube is laid in the bottom of a trench 
(as for the first strategy), the trench is 
filled, and the probe is pulled through 
the access tube with a long cable. 

"This appears to be a pretty good 
technique under landfills," he says. "It 
is a very straightforward method of 
measurement for long -term 
observation." The method does involve 
labor at the outset but is low mainte- 
nance after that. And Wierenga notes 
that although the neutron probe gives 
accurate, reliable readings, they must 
be taken manually. 

On the other hand, tensiometers and 
heat dissipation sensors are fully 
automatic, but they sample a smaller 
volume of soil than the neutron 
probes. Tensiometers work only in 
moist soil and require more mainte- 
nance. 

As for the geophysical method, it 
looks promising, according to 
Wierenga, but it needs more study. He 
says the tomography would be one of 
the best methods for long -term moni- 
toring but the computer analysis 
needed to interpret the data needs to be 
refined. 

To explain the techniques they used 
in the study, Wierenga and his associ- 
ates conducted two technology trans- 
fer meetings at the site in 1998 and 
another in Washington D.C. Targeted 
toward people from different federal 
and state agencies, participants 
included representatives from the EPA, 
Department of Energy (DOE), the NRC 
and the Agricultural Research Service 
(ARS). The sessions at the agricultural 
center were designed to be practical. 

"We spent a whole day explaining 
our project, how we did it and what 
our results were," Wierenga says. 
"Some of the participants got to take 
measurements themselves. It was a 
little more hands -on." - Susan McGinley 
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Researching Desert Citrus 
A visit to the Citrus Ag Center 

Twenty-five 
miles west of Phoenix, 

near the foot of the White Tank 
Mountains, the Citrus Agricul- 

tural Center (CAC) features research 
projects specific to growing citrus and 
other fruit crops in the desert. More 
than 50 varieties of citrus trees occupy 
the 40 -acre site in Waddell, along with 
a variety of berries and deciduous fruit 
and nut trees. The center's first trees 
were planted in 1990. Currently, 
twenty -one research projects focus on 
variety evaluations, irrigation, nutrient 
requirements, orchard floor manage- 
ment, increasing yields, internal fruit 
quality, organic citrus production, and 
other concerns. 

Extension and department faculty 
from the UA College of Agriculture, 
including plant scientists, plant 
pathologists, entomologists and soil 
scientists, conduct these trials. The 

I6 

center's first trees were 
planted in 1990. ..i 

results of their projects are dissemi- 
nated to the public through written 
reports, field days and seminars. Dean 
Bacon, director of the CAC, oversees 
the management of the experiment 
station and coordinates the projects 
that are designed to match the re- 
searchers' expertise with growers' 
needs. He has sponsored tours of the 
station for small neighborhood groups 
and larger organizations, and gives 
lectures on growing citrus in arid 
climates. 

Highlights of Ongoing Projects 

Orchard Floor Management - 
Weeds compete with trees for water 
and nutrients, reducing yields. This 
series of studies on two two -acre 
blocks of Mineola tangelos and 
valencia oranges compares yields 
using three different ground cover 
systems: cover crops (clover), natural 
grass and chemically controlled bare 
ground. The clover serves both as 
weed control and as a nitrogen source 
when it's disked into the soil. Results 

thus far indicate that yields are higher 
for trees on bare ground. Temperature 
checks have shown that there is no 
temperature difference between bare 
ground and covered ground during 
the winter, at least in the desert. 

Girdling Trees to Increase Yields - 
Trees that are cut or girdled around the 
trunk below the branches tend to 
flower and fruit more heavily. The 
method is labor- intensive and can be 
too costly for large orchards, but has 
its merits in small groves. Researchers 
are girdling Fairchild mandarins and 
this has increased their yields; the next 
step is to find ways to increase their 
size as well. 

Reducing Granulation in Navel 
Oranges - When citrus fruit granu- 
lates, it means the normally succulent 
fruit lacks juice - the sacs are dry and 
"ricey." It is thought that calcium 
binds the moisture and holds it in a 
different form. Rootstock, environmen- 
tal conditions, watering methods and 
fertilizing practices all affect granula- 
tion. Only the last two can be con- 
trolled once trees are in the ground. 
This study includes both regular 
watering and over -watering regimes, 
and nutrient additions, such as boron 
and potassium. 
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 Nutrient Studies: Researchers are 
testing four different regimes for 
adding nitrogen to 18- month -old 
Newhall navels - weekly, monthly, 
three times per year, and the control 
(none added). The nitrogen is applied 
to young trees through the microjet 
irrigation system. Results so far show 
that young citrus doesn't need to be 
fertilized: there is no difference in 
trunk size or petiole (leaf) sample, in 
any of the nitrogen regimes. 

Variety Trials - Grapefruit: Because 
color really sells grapefruit, this trial is 
focusing on red and pink- fleshed 
grapefruit using Flame, Texas Star and 
Rio Red varieties. Strawberries: Will 
include two varieties plus date of 
planting. Navel oranges: About 12 
varieties on different rootstocks. A 
deciduous tree variety trial includes 
nectarines, apples, peaches, plums, 
apricots and jujubes. 

Organic Citrus - The center has 
organically grown tangelos and navel 
oranges. These blocks of trees were 
designed to develop methods and 
demonstrate to growers that citrus can 
be grown organically without a 
reduction in fruit quality or quantity. 

In addition to its research projects, 
the CAC has taken the initiative 
regarding two issues facing both 
commercial and backyard growers - 
transmitting frost warnings and 
monitoring trees for the tristeza virus: 

Monitoring Systems - An AZMET 
station at the center gathers weather 
data that feeds into a computer data- 
base for climate conditions at various 
locations in Arizona. In addition, 
Bacon says that because the national 
weather service has discontinued its 
"first warning" system for frost, the 

CAC has developed its own with the 
help of a private climatologist. 

The automated system dials weather 
stations in 11 different areas and 
downloads the data to be read by a 
meteorologist, who will predict low 
temperatures for the following day. 
The reporting area covers many acres 
of citrus, from west of Phoenix, 80 
miles east to Queen Creek and south to 
Picacho. Growers can get the informa- 
tion by calling a recorder at the Center or 
receive a faxed version upon request. 

The Tristeza Task Force - Bacon 
helped organize the Citrus Tristeza 
Virus -Brown Citrus Aphid Task Force, 
a group that surveys all the citrus in 
the state, both commercial and urban, 
for signs of tristeza, a citrus virus also 
known as quick decline. The brown 
citrus aphid (BCA), which is not yet in 
Arizona, vectors the disease. "We 
speculate this vector will arrive in 
Arizona in three to five years," Bacon 
says. In some cases the virus can kill 
citrus trees in about three to six weeks; 
it can also move more slowly. It affects 
some rootstocks more than others: for 
example, sour orange rootstock is 
extremely susceptible. 

"About fifty percent of the citrus in 
this area (Maricopa County) is on sour 
orange rootstock," Bacon says. "If the 
brown citrus aphid moves into this 
area we're going to be in trouble, not 
only in commercial orchards, but also 
with the three million citrus trees that 
are in back yards all over this county." 

The task force is collaborating with 
the Arizona Department of Agriculture 
in sampling and monitoring trees 
across the state for the virus, and in 
eliminating infected trees before the 
aphid can feed on them and transmit 
the virus to healthy trees. 

"There are about 113 trees that have 
tested positive so far in the state," 
Bacon says. Because emotions can run 
high regarding cherished backyard 
fruit trees, education is very important 
in persuading the homeowners to 
allow the state to remove the infected 
trees. The task force has focused on 
presenting information to community 
organizations and to individuals in 
neighborhoods. - Susan McGinley 

Citrus Agricultural Center 

Established in 1985 on 40 acres. 
The first citrus trees were 
planted in 1990 in one and two - 
acre blocks of different varieties. 
The farm has three types of 
irrigation systems, microjet 
sprinkler, low- pressure bubblers, 
and flood irrigation. 

Standard Citrus 
Lemons, grapefruit, tangelos, 
mandarins, valencia and navel 

oranges 

Exotic Citrus 
Kumquat, limequat, pummelo and 

buddha -hand citron 

Vines 

Blueberries, blackberries, grapes, 
jujubes (a Chinese date eaten 

fresh or dried) 

Deciduous Trees and Nuts 
Apple, peach, apricot, plum, 

nectarine, pear, almonds 

Other 
Jojoba, olives, strawberries 
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V Bar V Cattle Vaccinations 
Research in progress tests different strategies 

espiratory illnesses in cattle tend 
to go beyond a common cold. 
They may escalate rapidly into 

bovine respiratory disease complex 
(BRDC), a combination of viral and 
bacterial infections that develops into 
pneumonia. Treatment involves both 
pharmaceutical costs and the labor to 
search out and bring in the sick 
animals. Cattle on the range usually 
don't have a problem with BRDC but 
when calves are weaned, moved 
through a sale barn, transported long 
distances and then placed in a feedlot 
or on pasture the stress they experi- 
ence may cause BRDC to develop. 

"The ranchers don't have a real 
intensive program for vaccinating their 
calves," says Peder Cuneo, a veterinar- 
ian in the UA College of Agriculture. 
This is because most cattle are pas- 
tured in very large range conditions 
and are rounded up only a few times 
each year. "As a result, weaned calves, 
when marketed, may have health 
problems. When the cattle are stressed, 
viruses get the ball rolling and then 
bacteria get into their lungs." At that 
point, some cattle become chronically 
ill and don't gain well, while others 
die. 

"We are concerned Arizona cattle 
producers maybe getting discounted 
for their cattle because they're not 
usually vaccinated before weaning 
and shipping," Cuneo continues. "We 
wanted to look at several different 
vaccination problems as part of a pilot 
program to set up a larger study." 

The research began in May 1998 at 
the V Bar V Ranch, a College of Agri- 
culture experiment station in north 

central Arizona. Using the ranch herd, 
Cuneo and his team randomly selected 
100 steers as they came through the 
chute, and divided them into four 
treatment groups of 25 each. The V Bar 
V calf crop comprises purebred 
Herefords, Hereford crosses with 
Barzona and Saler and composites 
from another ranch, the Bar T Bar. All 
of the bulls used at the V Bar V are 
purebred Herefords. 

The control group received no 
vaccinations; a second group was 
vaccinated with a single dose of a 

"We want to come up with a 
background strategy for a 
quality assurance program, 

to develop an effective 
vaccination program that 

works for Arizona 
producers." 

killed product in May; the third group 
had two doses of a killed product in 
May and September, and the fourth 
received a killed dose in May, followed 
by a modified live vaccine on the ranch 
in September. 

To mimic actual commercial condi- 
tions as closely as possible, the calves 
were sent after weaning the following 
week to a sale barn in Marana. From 
there they were transported to the West 
Campus Agricultural Center feedlot in 
Tucson and vaccinated on arrival with 
a modified live product. 

Pre -vet student Alana McQuarry measures 
the swelling of a recent ear injection. 

"The calves were all co- mingled," 
Cuneo says. "We had two students 
doing the pen- riding, to pull out sick 
calves. We kept those in hospital pens 
and took extensive notes for each calf 
on the length of illness, its weight in 
and out of the pen, and its response to 
treatment." Preliminary results have 
shown that during the stress of 
weaning and shipping, a modified live 
virus might not be advisable, accord- 
ing to Cuneo. However more work still 
needs to be done with a larger group of 
calves. "We want to come up with a 
background strategy for a quality 
assurance program, to develop an 
effective vaccination program that 
works for Arizona producers," Cuneo 
says. 

To that end, he is also conducting 
two other pilot projects with the same 
group of calves. One of them is focus- 
ing on vitamin E and selenium levels 
in the blood of 25 calves, plus the 
varying content of E. coli bacteria in 
their feces. Although E. coli is a normal 
part of the bovine digestive flora, the 
amount and the strains present can 
change during the animal's feeding 
cycle. Cuneo is looking for the strains 
that are potentially pathogenic to 
humans. 

"We want to know when and where 
these strains show up. Is it from other 
animals, the feed? We don't know yet," 
Cuneo admits. The other study under- 
way compares three different body 
placements for clostridial vaccines. 
Aimed at preventing deadly diseases 
caused by clostridial bacteria (see 
article in this issue), the commonly used 
vaccine usually includes seven or 
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Alana McQuarry, pre -vet student, takes blood sample. 

eight vaccines in one shot. Because 
severe injection site lesions may 
develop when the vaccine is intro- 
duced into muscle, it is now mostly 
given under the skin. 

Using the same 100 cattle divided 
into groups of about 33 each, Cuneo 
and his associates have injected the 
clostridial vaccine in front of the 
shoulder in one group, at the base of 
the ear in the next group (as recom- 
mended by researchers at Texas A &M), 
and at the base of the tail in 
the third. After slaughter, he will 
examine the muscle tissue for the 
effects of the vaccine. For all of these 
studies, the calves receive different ear 

tags to designate which studies they 
are in and the treatments applied. 
Thus far, Cuneo says the tail area 
vaccines look promising. 

Cuneo notes that a tremendous 
number of people are involved in this 
work. The three studies are a collabo- 
rative effort among several College of 
Agriculture departments, and include 
students and staff members from the V 
Bar V Ranch, the Department of 
Animal Sciences, the West Campus 
Agricultural Center feedlot, the UA 
Meat Lab, the Department of Veteri- 
nary Science and Microbiology, and 
the Veterinary Diagnostic Laboratory. - Susan McGinley 

Calf in squeeze chute. Ear tags indicate treatment group (orange), individual i.d. (yellow), and 
hospital visit (pink). 

Facilities Improvements on 
the V Bar V Ranch 

The V Bar V Ranch, a College of 
Agriculture experiment station 
located in north -central Arizona, 
has recently upgraded its facilities 
to better accommodate research 
and educational activities. Re- 
search involves an applied ap- 
proach to problem solving as well 
as studies in basic science. Ani- 
mals from the ranch provide 
researchers on campus with the 
opportunity to do studies such as 

trace mineral analyses and the use 
of DNA technologies as a means 
of identifying parentage. 

The winter headquarters are 
located on land administered by 
the USFS near Camp Verde. A 40' 
x 100' metal building has been 
erected. This building provides a 

shop for maintaining equipment, 
living quarters for student interns 
and covered storage for hay. 
Other facilities include a mobile 
home, where the ranch manager 
is housed, and corrals. 

All of the fencing has been 
rebuilt, including ten miles of 
completely new fence. With 
assistance from the USFS, 25 
cattle guards have been installed 
at strategic locations. The water 
storage capacity is currently being 
upgraded at the winter headquar- 
ters to increase the ability to hold 
cattle at this location for working. 
Water lines in some of the 
pastures are also being upgraded. 

The summer headquarters at 
Mahan Park consists of 43.75 
acres with three existing buildings 
and corrals. In addition, a $30,000 
grant was received from the 
Arizona Advisory Council on 
Environmental Education. This is 

funded from environmental 
license plant money administered 
by the State Land Department. 
The grant will be used to build a 

covered ramada and upgraded 
toilet facilities at Mahan Park. 

- Deb Young and Cooperative 
Extension sources 
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Solar Growth Chambers for NASA 
Exploring agriculture for space colonies 

ant to go live on the moon for 
a few months and still eat 
fresh vegetables? The idea of 

growing food in a space colony is not 
as far off as you might think. Engineers 
from The University of Arizona's 
Department of Agricultural and 
Biosystems Engineering are working 
on it right now, thanks to two grants 
from NASA. Growth chambers lit with 
both solar and artificial discharge 
lights are producing crops of fresh 
lettuce at the College of Agriculture's 
Environmental Research Laboratory 
(ERL). 

"NASA has an Advanced Life 
Support program," says Joel Cuello, 
the UA biosystems engineer in charge 
of the solar chamber project. "Its main 
goal is to be able to provide the energy 
and materials astronauts will need to 
survive in enclosed space conditions. 
One way is through physical /chemi- 
cal means, the other is through biologi- 
cal regenerative methods - using 
plants, for example, which can pro- 
duce oxygen for breathing and also 
edible crops for food." 

Cuello says the long -term goal is to 
set up a lunar or planetary space 
colony. "Because they've found ice on 
the moon, then water is present," 
Cuello says. "This points to the 
possibility of a colony on the moon." 
An extended stay in space means 
extensive food supplies must either be 
on board, re- supplied periodically 
from earth, or produced on -site. 
Bringing all of the food at once would 
require a fairly large space craft. 

"And delivering from the earth to the 
moon - operating on a picnic or take- 
out principle - would be too expen- 
sive," Cuello adds. That leaves agricul- 
ture as the best possibility, but under 
more controlled conditions than we 
have on earth, where soil, light, water 
and air are more abundant. Funded by 
NASA through a university research 
grant and one of its Small Business 
Technology Transfer (STIR) grants, 
the latter in collaboration with a small 
company in northern California called 
Physical Science Incorporated, the UA 
project began in January of 1997 in an 
underground plant growth facility. 

Cuello's research collaborators 
include fellow faculty members 
Kenneth Jordan and Dennis Larson; 
research specialist Philip Sadler; 
company scientist Takashi Nakamura, 
of Physical Sciences, Inc.; UA plant 
physiologist Patricia Rorabaugh; UA 

environmental scientist Robert Frye, 
and graduate student Darren Jack. 

"We used a combination of readily 
available solar collectors at the ERL, 
plus another developed by the com- 
pany," Cuello says. He and his 
research team built the subterranean 
facility and lit one chamber with solar 
irradiance and the other with artificial 
light as a reference chamber. "We're 
testing lettuce in them, not because it's 
the ultimate crop that we want to grow 
but because it grows fast for experi- 
mental purposes," he explains. 

Current crops NASA is considering 
for advanced life support include 
wheat, tomatoes, potatoes, sweet 
potatoes, rice and others. The larger 
program, conducted at a variety of 
institutions, including NASA Kennedy 
and NASA Johnson Space Centers, 
also includes research in plant produc- 
tion; fish production; waste manage- 
ment and recycling; and food process- 
ing. The goal is to link all these units 
into a self -sustaining life support 
system, according to Cuello. 

"The problem right now is the very 
high energy requirement needed for 
life support," he says. Generating 
enough artificial light for enclosed 
agriculture on the moon or Mars 
would be difficult. Cuello sees solar 
irradiance as an important supple- 
ment to artificial light for space plant 
production. But at the same time, solar 
irradiance can't completely replace 
artificial lighting, because there can be 
14 earth days in a row without light on 
the moon, for instance. 

The combination of solar and 
artificial light ensures a constant 
energy supply, and transmitting the 
light through fiberoptic cables into the 
growth chamber reduces the heat that 
would be generated inside. Removal of 
any heat would require additional and 
wasteful energy expenditure. 

Each chamber measures three feet by 
two feet in area. Mirrors on top collect 
and concentrate the light, and focus it 
into fiberoptic cables that transport the 
light from the point of collection into 
the growth chamber. The cables extend 
through the ceiling into the top of the 
solar growth chamber, where their 
individual fibers fan out in aiframe to 
distribute the light evenly to tie plants. 
The plants are grown hydroponically, 
supplied with liquid nutrients. 

A computerized system monitors the 
conditions inside the growth cham- 
bers, tracking air temperature, light 

(Above) Under- 
ground plant growth 
facility with solar 
collectors on top, 

and (left) 
interior of growth 
chamber. 

duration and intensity, and the pH of 
the nutrient solution. To keep light 
conditions as equal as possible, the 
researchers light up the solar chamber 
a day before the other one, measure 
how much light was used and then 
apply the same amount in the artificial 
light chamber. 

Cuello says there has been an 
increase in yield in the solar chamber 
relative to the artificially lit chamber. 
"The only environmental difference 
between the two chambers is the 
quality of light," Cuello says, "one is 
natural light and the other is richer in 
the red spectrum." He notes that the 
project does not mimic weather 
conditions that might be encountered 
on the moon or on Mars. He says the 
weather might be more stable on the 
moon but dust could be a problem on 
Mars. 

For this reason, Cuello would like to 
improve the design of the collectors. 
Right now he is using two different 
types. "The one provided by Physical 
Science, Inc. is more powerful, with 
larger mirrors and a larger collection 
area, but it has a primitive tracking 
system because that's what happens to 
be commercially available," Cuello 
admits. "The other one has a. sophisti- 
cated tracking system but a smaller 
collection area." 

He wants to develop a system with 
better mirrors and optical tracking 
systems. "NASA has just awarded us 
a new two -year grant to look into a 
system with a combination of natural 
and artificial lights, both delivered into 
a plant growth chamber through 
fiberoptic cables to provide stable 
lighting with minimized heat produc- 
tion," Cuello says. He and his team 
will be looking at different light 
sources, such as light -emitting diodes 
and xenon metal -halide lamps, to 
bring that salad on the moon or Mars 
closer to reality. 
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College of Agriculture Research Awards for 1997 -1998 

Researcher of the Year Award 

David Rowe 

As a professor of family studies and human development in the School of 
Family and Consumer Resources, David Rowe is an internationally recognized 
behavioral geneticist whose research spans several disciplines, including 
psychology, sociology, criminology, public health and molecular genetics. He 
has held grants from many federal and private funding sources, including the 
National Institute of Child Health and Development, the National Institute on 
Drug Abuse, the Harry F. Guggenheim Foundation, and the MacArthur Founda- 
tion, totaling more than $1.7 million in the past ten years. He has authored more 
than 120 publications in the behavioral sciences and has published a book, 
Limits of Family Influence, which appeared in 1994. Rowe is a collaborative 
researcher who works closely with other scientists from the UA and other 
national and international institutions. 

Because of his work, social scientists can no longer assume that the environ- 
ment is solely, or even mostly, responsible for human development. Rather, Rowe 
has forced many to consider genetic explanations for behavior. He has combined 
traditional approaches for investigating genetic effects with molecular genetic 
approaches. He is on a mission to discover which specific genes influence 
specific behaviors. 

Thomas Orum is a principal research specialist in the Department of Plant 
Pathology. A UA employee since 1977, Orum worked for 13 years as a research 
technician and research specialist for plant pathologist Stan Alcorn on diseases 
of desert plants, including saguaro, guayule and jojoba. Since 1990 he has 
assisted Merritt Nelson, head of the Department of Plant Pathology, in the 
application of geostatistics and geographic information systems to plant virus 
epidemiology and spatial patterns of Aspergillus flavus (a fungus disease) in 
cotton fields. He has co- authored 17 refereed journal articles and numerous 
technical publications. 

Supporters of his nomination for the award were uniform in their praise. One 
individual said "he has been an important part of breakthrough work in the area 
of tracking and mapping plant diseases using GIS(geographic information 
systems). This approach has now been accepted as providing information not 
previously recognized, and has added new, dynamic perspectives on plant 
disease and epidemiology." Orum is an expert on the ecology of the saguaro and 
is often asked to speak at local meetings on this subject. His patience and 
friendly management style make him an excellent supervisor. He works tirelessly 
for hours, yet is always friendly and upbeat. 

Outstanding Research Staff Award 

Thomas Orum 

Outstanding Research Team Award 

The College o f Agriculture Dairy Research Center 

Team Members (left to right): Charley Hammond, John Pulley, Scott Beyer, Mark Howarth, Julie Stiever, Nancy Faber, Steve Faber and Tonya Randolph 

Numerous members of the faculty and of the dairy industry in the state wrote strong letters of support for this team. In 
particular, Steve and Nancy Faber were cited for their contribution in turning the unit around to embody a true team effort 
based a on TQM approach that involves employees in the decision process and in setting goals. One person wrote, "As the 
dairy now exists, we can all take pride in showing prospective students and visitors our research and teaching facilities 
and dairy herd." The current president of the Arizona Dairy Herd Improvement Association wrote "the team of employees 
at the dairy obviously have had to work together to accomplish the many changes. Opportunities exist for students to work 
and be involved in every facet of the operation - milking, breeding, feeding, herd health, calving and raising of baby 
calves. In terms of outreach they diligently attempt to visit three dairies out in the state every month. Last year, 9,000 
children visited the facility." In quantitative terms, milk production from the Holstein cows has increased in the past two 
years from 18748 lbs to 23700 lbs, a 26% increase. In September 1998 the UA had the highest average in the state of Arizona 
for Holstein cows milked twice daily. The entire industry realizes that it took a team effort to attain that milestone. 
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Arizona Agricultural Experiment Station 
Total Research Funding Sponsored Sources 

Fiscal Year 1997/1998 ($4 7.8 million) Fiscal Year 1997/1998 ($24.8 million) 

Sponsored 
$24.8 million 

(51.8 %) 

State 
$21.1 million 

(44.2 %) 

Federal 
Appropriated 

$1.9 million (4 %) 

Foundations/ 
Educational 
Institutions 
$2.86 million 

(I 1.5 %) 

Miscellaneous 
$1.28 million 

(5.2%) 

Counties/ 
Cities /State 
$2.25 million 

(9.I %) Industry 
$4 million (16.1%) 

Federal 
Government 
$ 1 4.43 million 

(58.1%) 

Citrus Thrips in the Low 
Desert 

David Kerns 
Department of Entomology 
(520) 782 -3836 
dkerns @ag.arizona.edu 

Characterizing Calpains 
Darrel Goll 
Department of Nutritional Sciences 
(520) 621 -7236 
darrelg @ag.arizona.edu 

Sonoran Pronghorns and Air 
Force Overflights 

Paul Krausman 
School of Renewable Natural Re- 

sources, Department of Wildlife and 
Fisheries Resources 
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