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A LETTER FROM THE DIRECTOR

Dear Readers,
From the laboratory to the field, CALS researchers continue to focus on the concerns and needs of Arizona citizens.
This current issue of the Agricultural Experiment Station Report outlines research in a wide variety of areas, affecting
both urban and rural parts of the state.
Life is never dull for those involved with research in support of the world's food supply. Each year seems to bring
new opportunities and new challenges. Our most recent challenge involves Homeland or more specifically, "agro"
security, an aftermath of September 11, 2001. The possibilities with respect to contamination of our food supply can be
chilling to think about. We will never be 100% secure, but certain steps can be taken to minimize the impact of some
terrorist -induced or accidental calamity. You will see in one of the articles in this year's report that our Veterinary
Diagnostic Laboratory has been selected to participate in a Homeland Security pilot program to prevent bioterrorism
and agroterrorism by testing animals for domestic and foreign diseases. I also want to highlight the article on our newly
dedicated Agricultural Research Complex, a unique facility that will address ways to reduce heat stress in domestic
livestock, a problem that reduces meat and milk production in hot environments. Lastly, please note the article on the
Santa Rita Range, which has served for 100 years as a monitoring area for livestock grazing and range health. We
believe this is the nation's oldest continuous range research facility. We will be celebrating this centennial achievement
in the coming year.
Our production staff, consisting of Susan McGinley, Robert Casier, Maria -del- Carmen Aranguren and Joanne
Littlefield, have earned a big thank you for producing another excellent publication. Hopefully everyone will find at
least one article that is of specific interest.
Please contact us if you need additional information.

Colin Kaltenbach
Vice Dean and Director, Agricultural Experiment Station
(520) 621 -7201

kltnbch @ag.arizona.edu
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Protecting Cotton from Lygus Bugs
IPM program reduces insecticide, controls pest
By Susan McGinley

Arizona cotton growers still remember 1998, when Lygus bugs
caused $28 million in crop losses
statewide. During that year, 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 southwestern Arizona suffered substantial crop
losses, plus skyrocketing control costs
for some totaling over $150 per acre.

Since then, a concentrated effort
among growers, University of Arizona
researchers and extension agents, and
commodity groups has helped control
the insect that has been Arizona's number one pest on cotton for the last five
years. Cotton management programs
have focused on managing Lygus populations at less damaging levels while at
the same time reducing the amount of
pesticide applied. The long-term integrated pest management (IPM) strategy,
based on early planting dates, regular
monitoring for Lygus, reduced spraying
based on insect thresholds, and other
measures, has reduced both Lygus populations and insecticide applications while
maintaining yields.
Lygus bugs, with their piercing -sucking mouthparts, damage cotton plants by
puncturing and feeding on cotton
squares and young bolls. Lygus- infested
cotton can drop many of these squares,
meaning there are fewer fruiting sites,
while older bolls may produce discolored and lower quality lint. The plants
grow tall and spindly, with more leaf
trash and less lint, making it difficult to
harvest what's left of the crop. Oil content of the seeds is reduced, along with
their ability to germinate. All in all, cotton takes a beating from Lygus.
In Arizona's warm climate the insects
can breed most of the year and move
from one crop to another, attacking not
only cotton, but also alfalfa, vegetables,
seed crops and other plants. Control calls
for careful planning and coordinated efforts among all of the growers in an area

2

Lygus nymphs on leaf. Larger stages are most damaging in cotton crops.

to prevent Lygus from migrating so
readily. Among growers, typical control
measures for Lygus in the past have involved tank mixing combinations of
broad spectrum insecticides in the unfounded hope that this practice would
give more control over the pest. Yet managing lygus and other crop pests successfully is a long -term process that includes
more than chemical controls, according
to Peter Ellsworth, an entomologist at the
University of Arizona's Maricopa Agricultural Center, part of the College of
Agriculture and Life Sciences (CALS).
"In 1992 we had a disaster with the
whitefly in cotton," 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 was
able to focus its resources on developing an integrated pest management
(IPM) package that responded to community needs. In 1997, funding from the
Arizona Cotton Grower's Association
and the Arizona Cotton Research and
Protection Council enabled Ellsworth
and a team of cooperating scientists to
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begin a program addressing integrated
Lygus management in cotton.
The continually updated, research based cotton IPM program for Lygus
includes field sampling, adherence to

2002 Faculty of the Year
Peter Ellsworth, an area IPM
specialist for the University of
Arizona College of Agriculture
and Life Sciences, was honored
with the 2002 Faculty of the Year
Award in spring 2002. Presented
by the Ag 100 Council, the award
recognizes Ellsworth's outstanding work in cotton IPM over
many years, and his key role in
dramatically reducing pesticide
use in Arizona Cotton. The Ag
100 Council is a group of agricultural producers dedicated to
supporting CALS and improving
agriculture in Arizona.

of Arizona College of Agriculture and Life Sciences

Lygus bugs reduce cotton yield.

Note healthy plants on left, compared with Lygus- infested rows

on the right.

insect threshold guidelines, and using
the right compound for the job. Above
all, it emphasizes avoiding pest pressures wherever possible. These measures have been incorporated into the
larger cotton pest management program, and focus on reducing spray applications from mixed broad spectrum
insecticides to more selective, targeted
single insecticide applications. One key
to the success of the program has been
the accurate identification of single
spray compounds that perform consistently against Lygus and knowing precisely when to use them.
Arizona extension cotton specialists
have been able to teach and demonstrate to growers that these single compounds are as effective or even more
effective than broad -spectrum combination sprays, and that when coupled
with specific timing based on Lygus
threshold levels, this practice helps reduce the risk of resistance in Lygus and
other insects while minimizing negative impacts on beneficial insects.
The Cooperative Extension education component of the program has assisted growers in implementing this
strategy during the last five cotton sea-

sons through organized meetings,
workshops, field demonstrations and
applied research.
In response to this IPM program, in
1999 growers applied the fewest number of sprays statewide against Lygus

in cotton since 1993, and the fewest
number of sprays overall against all
pests in 25 years, thus reducing their
costs per acre while protecting the environment. Over the past three years,
more than 50% of the region's cotton
growers have changed their chemical
tactics against Lygus by switching to
single compounds used strategically
and at appropriate rates as part of an
IPM system. This has resulted in a
two -thirds reduction in the number of
acres receiving spray mixtures for Lygus, while increasing effective rates by

about 20 %.
"Statewide we're averaging between
one and three sprays for all our pests,
for a long- season crop that's planted
in March and harvested in October,"
Ellsworth says. "In the past, there was
not a single cotton field in Arizona that
escaped the need for sprays. Now it's
not uncommon for every grower to
have a set of fields that don't require
insecticidal sprays."
Ellsworth has also been working
with UA entomologist Yves Carriere
and others on landscape approaches to
crop management in a community in
central Arizona.This technique uses
geopositioned (satellite) crop maps
and measured Lygus levels to help
quantify the Lygus risk that a particular grower may face, and/or identify
areas where sampling and control efforts should be concentrated.

"With another El Niño- influenced
winter approaching, we will need to be
prepared for conditions that foster Lygus populations area -wide," Ellsworth
says. El Niño conditions produce excess winter moisture and encourage
the lush growth of host plants that can
sustain heavy insect populations.
In the future, the GIS mapping will
assist greater coordination among
growers of other crops as well.
"Agriculture in the desert West is becoming more diverse as growers attempt to adapt to a competitive global
economy," Ellsworth says. "Producers
plant a wider variety of crops to take
advantage of niche markets, but also
find they're attracting more insect
problems that are often shared among
multiple crops within communities."
In response to the needs of such
cross -commodity growers, efforts began three years ago to control Lygus
across multiple crops. Growers have
begun meeting with extension personnel to develop cooperative plans involving cropping sequences and cultural controls to reduce damage from
Lygus. Cooperative Extension has also
responded by organizing a cross commodity research and outreach program
(CROP) team dedicated to developing
intercrop and interdisciplinary solutions for growers.
The cotton IPM program has been so
successful in Arizona that CALS faculty exported the program on request
to Mexicali, Mexico in 2001. Education
efforts resulted in nearly 40% of the
cotton growers there adopting threshold and other IPM guidelines for Lygus management. In December, 2002,
Ellsworth met with cotton growers in
Australia to assist them in developing
a comprehensive cotton IPM program
suited to their needs.

CONTACT
Peter Ellsworth
(520) 568 -2273
For more information:
cals.arizona.edu/crops/
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The Agricultural Research Complex
New facility focuses on livestock industry needs
By Susan McGinley
Arizona's high heat and blazing
sunlight drive down milk and
meat production in livestock,

stressing the animals and the ranchers
who raise them. Cattle and other farm
animals respond to the heat by reducing feed intake, increasing their respiration rate and by increasing their body
temperature. These responses assist the
animal in cooling itself, but this is usually
not sufficient. The hotter they are, the more
they begin to shut down body processes
not vital to their survival milk production, reproduction, or building more
muscle (meat). Livestock producers can-

-

not afford to ignore the effects of high temperatures on their herds.
For decades, researchers in the UA College of Agriculture and Life Sciences
(CALS) have studied the effects of heat
stress on domestic livestock to help solve
problems faced by the dairy, beef and other
livestock industries operating in Arizona.
They have examined mechanical cooling
systems fans, spray mists, shaded overhangs
and have made recommendations. Yet the scientists could never be sure

--

these measures actually reduced the
animal's physiological stress until now.
A new facility completed in spring 2002
at the Campus Agricultural Center in Tucson will allow scientists to study those
deeper metabolic and genetic mechanisms.
Known as the Agricultural Research
Complex, it is dedicated to researching
the environmental factors that affect the
production capacity of farm animals.
Partial funding was provided by a facilities grant from the USDA Cooperative
State Research, Extension and Education
Service.
"This facility is viewed as state-of -theart by animal physiologists around the
country," says Colin Kaltenbach, director
of the Agricultural Experiment Station at
the University of Arizona. "It will allow
our researchers to be more competitive for
federal grants and provide a means of collecting specific information that would be
otherwise unobtainable. It will allow us to
be in the forefront of the science in this
area."
The 40,000- square -foot multipurpose
building features highly advanced environmental controls for light, temperature,
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Architectural model of the research complex.

humidity and other factors that will allow faculty to conduct integrated studies
in physiology, biochemistry, nutrition and
molecular biology. The complex includes
two rooms equipped with full- spectrum
solar lighting that simulates almost exactly
the intensity and radiance of sunlight. The
building also features surgical facilities for
treating sick and injured livestock, holding areas for livestock, and offices and
meeting areas for faculty and students.
"This is a unique facility not duplicated
anywhere in the world for doing stress
studies on large animals," says Robert
Collier, head of the Department of Animal Sciences and one of the scientists who
will be working in the ARC. "It's unique
because it has the solar array system, combined with very precise temperature and
humidity control." This controlled environment will allow for a variety of studies on the metabolism of domestic animals, the effects of photoperiod or day
length on production, and the effects of
the environment on gene function.
The ARC is an integral part of the teaching, research, and service activities provided by the Department of Animal Sciences and CALS. Faculty and students
from animal sciences, veterinary science
and microbiology, natural resources and
even the medical center are interested in
conducting research at the facility.
Wildlife studies are also planned.
Collier notes that natural history researchers intend to bring in bighorn sheep and
antelope to look at their water require-

The University

of Arizona College of Agriculture and Life

ments. Animals will not be placed in conditions more stressful than those they actually experience in Arizona's outdoor climate, according to Collier. The current focus is on cattle, sheep, horses, goats and
pigs, with occasional studies on wildlife
and on exotic domestic species such as ostrich and emu.
For all of these studies, the goal is to
identify the physiological processes associated with heat tolerance and later develop new animal management programs
to limit the effects of heat on animal wellbeing and productivity.
"Our main intent is to gain a basic understanding of animal physiology as it responds to changes in a thermal environment," Collier says. "For example, it's wellknown that milk production in dairy cattle
is reduced in summer months. We want
to research more of the animal's internal
responses to the heat." With less heat stress,
the animals will produce better yearround. "Our ultimate goal is to understand
the genes that control animal response to
stress and be able to adjust gene function
so animals can better adapt to various environmental conditions." These research
results will apply not only to Arizona, but
also to animal production in other hot, arid
environments around the world.
CONTACT
Robert Collier
(520) 621 -7623
rcollier@ag.arizona.edu
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Preventing Agro terrorism
Veterinary Diagnostic Lab part of statewide system
By Susan McGinley
sciences faculty and
other veterinarians cooperate in reporting
anything that could be
a foreign or exotic disease. This more coordi-

nated network will
funnel reports on foreign animal diseases
directly to the USDA
for state and federal

bioterrorism assistance, according to
The Arizona Veterinary Diagnostic
Laboratory (AzVDL) in Tucson does

more than diagnose and treat animal
diseases. Since September 11, 2001, its role
has also expanded to include surveillance
for bioterrorism. This entails a constant
vigilance in diagnosing and detecting all
foreign pathogens that affect animals in the
state.
Bioterrorism
defined as the intentional use of biological agents such as bacteria, viruses or toxins to cause illness
includes agroterrorism, the deliberate use
of biological or chemical agents on crops
or livestock to disrupt the food supply or
agricultural industry. Some diseases of
animals are also human pathogens and
must be tracked when they occur.
"We have the concern and the capability to monitor many pathogens, including some that have human health
significance such as anthrax, tularemia,
or plague," says Robert Glock veterinary
toxicologist and director of the diagnostic laboratory, which is part of the Department of Veterinary Sciences and Microbiology in the College of Agriculture
and Life Sciences. "We do get involved
in identifying those diseases and others,

-

-

but we now get more involved in
whether it is a natural or intentional occurrence. Where we used to look for endemic disease, we are now looking for
intentional introductions, as are our
practitioners throughout the state."
Glock notes that the AzVDL is not the
first line of defense, rather it is plugged into

statewide bioterrorism program where
state and federal officials, the state veterinarian, UA veterinary science and animal
a

Glock.
Specifically, the AzVDL is one of 12 state
diagnostic laboratories selected to participate in a Homeland Security -based pilot
program to develop a network of laboratories that will begin testing for foreign animal diseases/agroterrorism on a state level.
Faculty and staff at the laboratory have

been working on improving laboratory
biosecurity, on quality assurance, and on
electronic networking capabilities as part
of their Homeland Security grant.
Although the AzVDL's initial emphasis
in preventing bioterrorism has focused on
surveillance and reporting, outreach and
education are considered just as important
as the diagnostic aspect. Serious animal
diseases also threaten the state's economy,
particularly the agricultural industry and
related businesses, and the right knowledge can make a difference. Extension veterinarian Peder Cuneo coordinates an information network (a listserv, website and
regular seminars and workshops) to keep
ranchers and the public informed about
animal disease outbreaks and how to
handle or prevent them. The AzVDL reports any unusual disease findings to the
state veterinarian and to the Arizona Department of Health Services.
"We're currently tracking and looking
for West Nile virus and other zoonotic diseases that are transmissible to man," Glock
says. "We're also increasing our surveillance for foreign animal diseases such as
foot and mouth disease." Efforts are not
solely concentrated on domestic livestock
and companion animals. Wildlife diseases
are also included in the laboratory's surveillance, and so are diseases that can be
transported in through the Mexican bor-

der just and hour and a half south of campus. The laboratory functions cooperatively with state and federal regulatory officials in diagnosing animals brought in
from Mexico.
In any case, the goal of the diagnostic
laboratory is to protect Arizona by identifying the presence any potentially dangerous animal disease, whether or not it was
intentionally introduced.'

About the Arizona Veterinary
Diagnostic Laboratory
(AzVDL):
The Arizona Veterinary Diagnostic
Laboratory, located at the UA's West
Campus Agricultural Center in Tucson,
provides services to veterinarians, animal owners and federal and state agencies for the diagnosis of disease problems of livestock, companion animals,
zoo and wild species. Facilities include
modern bacteriology, virology, toxicology and pathology laboratories as well
as necropsy rooms for small and large

animals.
Veterinary diagnostic laboratories
are a useful aid in disease control for
veterinarians and producers. The primary function of these laboratories is
to provide assistance in disease diagnosis. They also serve as an "early
warning" system for new emerging diseases, resurgence of well -known diseases, and introduction of foreign animal diseases into the United States. Finally, diagnostic laboratories may conduct applied research into animal diseases of local, state, national, and international significance. The AzVDL is
accredited by the American Association of Veterinary Laboratory Diagnosticians.
CONTACT
Robert Glock
(520) 621 -2356, ext. 13
rglock@u.arizona.edu
Peder Cuneo
(520) 621 -2356, ext. 19
cuneo@u.arizona.edu
For more information:
microvet.arizona.edu/AzVDL/index
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The Role

of Carcinogens in Breast Cancer

Biochemical studies show lifestyle and environmental links
By Susan McGinley

Photograph at left shows microscopic view of mammary gland
tissue reconstructed in the laboratory. The diagram below is a
cross -section of the spheres
shown in the photograph. These
spheres are the milk -producing

structures of the mammary

gland. The development of this
structure in human breasts may
protect against onset of breast
cancer. (Reproduced with per-

mission from Environmental
Health Perspectives, Volume
102, Number 10, October 1994,
p. 847.)

Extracellular matrix
Mammary epithelial
cells form mammospheres
Lumen

reast cancer ranks second among
cancer deaths in women, with more
than 40,000 deaths occurring out of
an estimated 182,800 cases in the United
States in 2000. Of those, about 2,400 cases
were in Arizona, with 600 deaths. Breast
cancer is considered such a serious threat
to national health that the United States
Department of Defense initiated a full scale research program ten years ago to investigate causes and treatments. At the
University of Arizona, interdisciplinary research programs in the College of Agriculture and Life Sciences (CALS), Arizona
Cancer and Health Sciences Centers, and
other departments are underway to find
out more about breast cancer and aid in
its prevention and treatment.
Some of the risk factors that may contribute to the development of breast cancer include age, family and personal history of breast cancer, menstrual periods
that started early in life, late menopause,
no childbirth, alcohol consumption, recent
use of oral contraceptives or postmenopausal estrogens, and inherited gene
changes. Yet contrary to popular belief,
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Mammary epithelial cells secrete milk containing desired proteins
into the lumen of the mammosphere. (Reproduced with permission
from Environmental Health Perspectives, Volume 102, Number 8,
October 1994, p. 644.)

more than 80% of breast cancers are not
linked to family history or to mutations in
breast cancer susceptibility genes. Research shows that environmental factors,
including diet, also may play a part, but
this connection is less well understood.
To fill in the gaps in this area, faculty and
graduate student researchers in the CALS
Department of Nutritional Sciences are researching environmental and dietary influences on breast and colon cancer development. Donato Romagnolo, director of
the Laboratory of Mammary Gland Biology, is an associate professor of nutritional
biochemistry and biology and a faculty of
the Cancer Biology and Genetics Interdisciplinary Programs. He is also a member

The University

of Arizona College of Agriculture and

of the Arizona Cancer and Southwest Environmental Health Sciences Centers.
His team is focusing on the biochemical
processes that take place in animal and
human mammary glands upon exposure
to environmental carcinogens, and on how
these substances suppress the action of
genes in the breast that normally protect
against cancer the BRCA -1 (BR=breast
CA=cancer) and BRCA -2 genes. Their
work connects information learned from
studying the mechanisms in animal mammary glands with the same functions in
human breast tissue. They are also looking at the links between high fat intake and
the development of excess bile acids in the
colon that lead to colon cancer. This re-

-

Life Sciences

search is funded in part by the Arizona
Disease Control Research Commission
and the National Institutes of Health.
What the researchers find is that powerful carcinogenic substances such as polycyclic aromatic hydrocarbons (PAHs),
found in foods (charbroiled meat), coal tar,
tobacco smoke and industrial pollution
may repress endocrine functions necessary
for maintaining normal levels of the
BRCA -1 protein in breast epithelial cells.
Because BRCA -1 is involved in DNA repair, loss of the BRCA -1 protein may allow DNA damage to accumulate, stimulating the onset of sporadic breast cancer.
As women are exposed over time to PAHs,
their susceptibility to mammary tumor

growth may increase, says Brandon
Jeffy a cancer biology Ph.D. candidate
working in Romagnolo's laboratory.
The researchers use tissue culture, molecular biology techniques, genomics and
other biochemical methods to study
changes in the expression of key genes in
cells exposed to PAHs. To better understand the effects of these environmental
carcinogens, they use cell culture systems
to reconstruct mammary tissue in the laboratory. These mammary cells differentiate
into alveolar structures capable of producing milk proteins and offer a model system to study the role of nutrients and hormones in this process and biochemical
pathways involved in growth and breast
cancer, says Wenjing Liu, a nutritional sciences Ph.D. student.
These studies include an analysis of the
potential protective effects of conjugated
linoleic acid (CLA), a fatty acid present in
ruminant milk, against proliferation of
breast and colon cancer cells. Results from
the Mammary Gland Biology Laboratory
show that CLA prevents the proliferation
of cancer cells by regulating specific genes
involved in cell cycle progression, thus
leading to cell cycle arrest and cell death.
Identified in 1990 and sequenced in 1994,
the BRCA -1 gene is induced in cells exposed to DNA damaging agents as well
as estrogen. The BRCA -1 is a tissue -specific gene associated with breast, ovarian,
and possibly colon cancer. One of BRCA1 functions is to repair DNA double -strand
breaks. Romagnolo and his team are
studying the ways estrogen and DNA
damaging agents regulate BRCA-1 and
how p53, the most well -known and studied tumor-suppressor gene, represses
BRCA -1 production.
"One function of p53 is to regulate cell
cycle division. It stalls the cell, causing it

Laboratory of Mammary Gland Biology faculty and students (back row, from left) Jill Hager,
Sherif Morgan, Michael Kemp, Donato Romagnolo, Stephanie Degner; (front row from left)
Wenjing Liu, Jennifer Ku, Brandon Jeffy.

to stop dividing," says Jennifer Ku, a second -year cancer biology graduate student.
"Because p53 is the guardian of the genome, it can direct the cell to arrest and
allow time for DNA repair. If the damage
is too severe, p53 will commit the cell to a

suicide program, which prevents division
of damaged cells.
"We're looking at how p53 may alter the
regulation of BRCA -1" say Jill Hager and
Sherif Morgan, who hold research staff
positions in the laboratory.
Others in the laboratory are studying the
relationship between fat intake and bile
acid production and how bile acids can
enhance the susceptibility to dietary carcinogens. This work has been undertaken
in collaboration with Claire Payne and
Harris Bernstein in the Department of Microbiology and Immunology and with scientists from the Southwest Environmental Health Sciences Center.
"We're looking at how bile acids and
PAHs influence the expression of BRCA-1
in colon cancer," says Michael Kemp, registered dietitian and Nutritional Sciences
Ph.D. student. "We are interested in understanding how ingestion of chemicals
present in grilled meat and other foods can
affect health." The team has shown that
cells of colonic origin exposed to PAHs and
the bile acid deoxycholate contain reduced
levels of BRCA -1. Bile acids are present at
higher levels in the colon of people who
eat a high fat diet. These findings establish a potential link between stimulation
of bile acids secretion and intake of carcinogens in the progression of colon cancer.

"Diet is the most important avenue of
exposure to chemical agents, which may
modulate people's susceptibility to developing various types of cancer," Romagnolo
says. "Diet is not simply an assorted combination of foods we ingest to satisfy our
nutrient requirements, but can also be a
vehicle for many chemical agents that may
promote toxicity and cancer." For example,
overcooking of foods generates mutagens,
which in dietary epidemiology studies
have been linked to increased risk of breast
and colon cancer in humans.
"Of course, susceptibility to dietary
mutagens as well as other food carcinogens may depend on what your individual
genetic makeup is and on your levels of
protective and detoxifying enzymes," adds
Stephanie Degner, Ph.D. student in nutritional sciences, who recently joined the
laboratory.
Research projects undertaken in the
Mammary Gland Biology Laboratory
bridge the gap between traditional nutritional and biomedical sciences, according
to Romagnolo.
"We want to find out how diet and environmental chemicals contribute to cancer development," Romagnolo says.
"Once we find out the mechanisms involved, then we can design preventive and

therapeutic
strategies. "o

dietary

intervention

CONTACT
Donato Romagnolo
(520) 626 -9108
donato@u.arizona.edu

2002 Agricultural Experiment Station Research Report

7

Irrigation Efficiency for Durum Wheat
Growing pasta wheat and barley in Arizona
By Susan McGinley

says. "We are usually ahead of the
North Dakota and Canada harvests by
two months."
Of course there is a hitch: wheat
needs water, and in the desert, that
means it needs to be irrigated. Every
irrigation is expensive, so it pays to
know the least amount of water that
can be applied that will still produce
the maximum yield and quality. Water
costs vary in Arizona, from as low as
$5 /acre foot in Yuma, to $34 /acre foot

Low-input wheat and barley evaluation plots at the Maricopa Agricultural Center in 2002.

all pasta wheat grows in
Italy; some is produced right
here in Arizona. About half of
the state's durum wheat yield is exported to Italy for processing; in 2001
the entire crop was valued at $30 million. Arizona farmers planted 89,000
acres to durum wheat in 2002, and that
number will increase in the coming
year due to rising prices. Durum contracts for Arizona farms are currently
being written at $1.00- $1.50 /hundredweight higher than last year. The contract price growers can receive for durum is higher than what they can get
for bread wheat.
"Bread and durum wheat grow here
equally well, but Arizona's desert durum is in greater demand because it has
an international reputation for quality," says Mike Ottman, an agronomy
specialist in the Department of Plant
Sciences, UA College of Agriculture
and Life Sciences. "Durum wheat does
Nof
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well in the desert because it has virtually no diseases or insect pests, and it
gets nice, plump kernels. Millers like
them because they get a higher milling yield of semolina." Most of the kernels are plump; in many other growing regions the kernels are smaller,
with a greater size distribution that
makes them more difficult to mill.
Another plus for durum in Arizona
is that the yields are fairly consistent
so the grain companies know how
much acreage to contract, and quality
is consistent from year to year, so buyers can depend on durum grown in the
area. North Dakota, where most of the
U.S. durum is grown, doesn't have that
yield and quality stability, according to

Ottman. And desert durum buyers
don't have to worry about sprout,
bleaching, and fungal damage from too
much rain. "The durum produced here
is some of the first durum to hit the
marketplace in a crop year," Ottman
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in central Arizona to even higher costs
in areas with deep wells. For both
wheat and barley, the high cost of irrigating in the desert is offset somewhat
by each crop's efficient use of it: they
produce a good amount of grain per
unit of water.
Still, no Arizona data were available
before 1999 to assist farmers in determining how to time their irrigations
based on the depletion of available water in the soil. Beginning in 1999,
Ottman and Steve Husman, an area agricultural and natural resources extension agent in Pinal and Pima County,
began testing different irrigation regimes on durum wheat and barley to

determine the optimum water timing
schedule. Ottman has also begun to
study 40 varieties of low -input wheat
and barley, and evaluated their water
use efficiency for Arizona. Although
not as widely cultivated as durum
wheat in Arizona, last year's barley
crop covered 40,000 acres and was valued at about $11 million.
Sponsored by the Arizona Grain Research and Promotion Council, the
project has focused on field experiments at the UA Maricopa Agricultural
Center (MAC) in central Arizona, and
at a commercial farm in Stanfield, central Arizona. The researchers have
tested soil water depletion levels on
durum (Kronos and Westbred 881 va-
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rieties) and barley (Baretta and Max
varieties), applying irrigations at 35,
50, 65 and 80% depletion of available
soil water.
For each field experiment at MAC

1

the general protocol has included
planting three acres each of wheat and
barley (containing two varieties each)
at the beginning of December, fertilizing them with nitrogen and phosphorus fertilizers at standard pre- and
postplant rates and irrigating them
uniformly to germinate the crop. Irrigations are applied using the border
flood method and a ditch weir is used
to measure the amount of water applied. After that, the different succeeding irrigation rates are applied in plots
replicated randomly throughout the
field. For each crop, the scientists check
periodic soil water content by using a
neutron probe inserted to a depth of 52
inches, with measurements taken about
every eight inches. Plots are harvested
in May, and the grain yield, protein content, kernel weight and hard vitreous
amber count taken for durum.
So far for durum, the researchers
have found that irrigating when 35 to
50% of the available soil water is depleted results in the highest yield.
They also noted that grain protein decreased when the wheat was irrigated
more frequently. Contracts are based
on a minimum protein level with significant price discounts to the farmer
when the minimum protein level is not
achieved. Therefore, more frequent irrigations require higher nitrogen fertilizer rates to achieve minimum grain
protein levels, and the increased cost
of the fertilizer and water when irrigating at 35% depletion may not be
economical.
For barley, they determined that the
profitability of irrigating at 35% rather
than 50% acre depletion is improved
with an increase in grain price or a decrease in water cost. Barley contracts
do not include a minimum protein provision. It was found that irrigating
more frequently (35% depletion) but
with less water at each irrigation significantly improved yields and resulted in an average of only two addi-

tional irrigations per season when
compared to a 50% depletion regime,
a very cost -effective option.

Ottman has also been screening
about 20 lines each of wheat and barley varieties at MAC that were devel-

Durum wheat field in Yuma, Arizona.

Wheat and Barley are Good
for the Environment
Winter cereals such as wheat and
barley are good from an environmental standpoint in Arizona because they offer a green ground
cover and reduce dust, they normally don't require any pesticides,
and they are efficient in their uptake of nutrients. Grown during
Arizona's mild winters, they avoid
heat stress and their fibrous root systems improve the soil. Salts can be
leached from the soil while growing wheat during the winter when
water use is low. In addition, the
crops are so competitive that they
crowd out weeds, break insect and
disease cycles, add organic material to the soil due to their high
straw content, and may actually
increase yields of subsequent crops,
especially when grown in rotation
with cotton and vegetables.
From an economic development
standpoint, wheat and barley do so
well in Arizona that three breeding
companies operate in the state, developing durum wheat and barley
varieties not only for Arizona, but
also for international markets.

oped in Arizona as low -input types, designed to use fewer irrigations per season. They have completed the first year
in a three -year project, using lines developed by Tom Ramage, a former UA
and USDA barley breeder.
All of the grain projects Husman and
Ottman have undertaken are designed
to produce crops efficiently.
"Growers normally irrigate by a
schedule, or by crop appearance, or by

their experience, and while there's
nothing wrong with that, they may be
able to use this research to adjust it,"
Ottman says. "We're trying to produce
as efficiently as possible, getting the
highest yield and quality per input cost.
There is a point where the increase in
water doesn't pay for the increase in
yield. Our intent is for growers to use this
data to see how their bottom line is affected."
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CONTACT
Mike Ottman
(520) 621 -1583
mottma n @ag. arizona. edu
Steve Husman
(520) 836 -5221, ext. 210
h usman gag. arizona. edu

Full reports on the field studies
outlined above are available at
cals.arizona.edu/forageandgrain.
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Fire

Management

in the

West

Research and teaching fire ecology in Arizona
By Susan McGinley

year's Roper fire burned and spread
very quickly in grassland because it

Western forests have a lot more needle-bearing trees that are susceptible to fire.

nce a fire starts, whether by
lightning or by human igni
tion, the way it will burn depends on the amount, condition and
distribution of the fuel load. Fire ecologists measure this in tons per acre for
oak woodland and timber, and in
pounds per square foot in grassland.
They can look at what's out there and
factor in the amount of brush or wood
on the ground, the moisture level, the
slope of a hillside, the speed and direction of the wind, and make some
educated guesses about how intensely
the fire will burn and where it might
go. By figuring out each fire's characteristic burn pattern and intensity from
the start, natural resource managers
and fire fighters have a better idea how
to monitor and control it. After the devastating fires that swept Arizona in
2002, this still -evolving strategy has
become even more critical.
"Fire is so variable," says Malcolm
Zwolinski, a professor of watershed
management at the University of Arizona who has studied the effects of fire
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for 30 years. "If you had seen the Bullock fire near Mt. Lemmon last year,
you'd have noticed that some areas
were untouched by fire; others were
lightly singed, moderately singed, or
severely burned. It could be just the
way the heat column was established,
and other factors. That's what makes
fire such a challenge."
Zwolinski and his colleagues from
the School of Renewable Natural Resources in the UA College of Agriculture and Life Sciences are working on
fire behavior models based on GIS
maps, plus climate and ground information to assist local, state and federal
agencies. Scientists from the Laboratory of Tree Ring Research and the Department of Geography and Regional
Development are also investigating fire
histories, climate changes and fuels'
availability.
"When fire managers look at potential fire danger, trying to anticipate the
worst case scenario, they look at the
fuel conditions," Zwolinski says. The
type of fuel makes a difference. "Last

had fine fuels such as grasses and herbaceous materials that burn and move
rapidly, but don't generate as much
heat as you would get in timber areas
with tons of fuel," he says. "When
those ignite there is a lot of heat released."
Low -elevation grassland fires generally burn and expand very rapidly,
don't produce a lot of energy, and don't
cause as much resource damage. These
fires can be quite beneficial, burning off
dead material and releasing nutrients,
such as nitrogen, magnesium, potassium and phosphorus to make them
more available to plants. The fire burns
the tops of grasses, leaving them to regenerate from their growth points at
the base.
"Very often you'll see a quick green up after a grassland fire," Zwolinski
says. "The new growth provides improved grazing for domestic animals
and wildlife." Periodic grassland fires
also control some of the woody shrubs
that have invaded grasslands in the
Southwest over the past few decades.
Timber fires, on the other hand, with
their increased fuel load, have the potential to burn more intensely, and can
often destroy the growth points of the
trees, located at the apexes of the lateral and terminal branches.
"The impacts of fire to a large extent
are related to how well a plant species
is adapted to resist fire," Zwolinski
says. "Grasslands do better in general,
yet Ponderosa pines can resist fire because they have thick bark and a higher

foliar moisture content than other
types of trees, such as eucalyptus that
burn quickly." Surprisingly, Zwolinski
says most cacti species are not tolerant
to fire, including saguaros, prickly pear
and barrel cactus. Tumbleweeds are
very flammable and can spread fires.
Take years of increasingly flammable
plant populations and decades of fire
suppression in Arizona, add low humidities, high temperatures, drought
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and wind, and you get ideal conditions
for fire, according to Zwolinski. That's
where fuel and fire behavior models
come in.
"We still don't know everything
about controlling fire," he says. "Computer outputs show us how long and
how far a fire might burn. We try to use
the fire behavior models when we want
to suppress a fire, to see where it will
go and how hot it will get, based on
fuel load. This technique can also be
used for a prescribed burn." In either
case the researchers look at spatial and
seasonal distribution of fuels, moisture
level, slopes, wind direction and speed,
air temperature and humidity. They
project environmental conditions into
the model and run it to find out what
might happen.
Zwolinski believes the 2002 fire season may promote more public acceptance and tolerance of prescribed burns
in Arizona, if there could be more certainty about where they might go.
"Even a prescribed burn can get out of
control," he notes. "Although the nature of fire is that it's unpredictable, a
modeling system can help us figure out
how a fire might act, so we can ignite
test areas. Then based on these results,
we can start to increase our use of fires
as a treatment."
Not only does Zwolinski investigate
these models as part of his research, he
also shares his knowledge with college
students and as a representative to the

Southwest Fire Council, which includes
federal, state and local land management
agencies in Arizona, New Mexico and west
Texas. He teaches courses in fire ecology
and wildland fire management that draw
students from across the university who
are interested in the impacts of fire on the
environment. He also participates in a
national training course on the role of fire
in ecosystem management for professional
fire fighters.
Fire is such a natural part of the environment that it fits into many of the

courses offered to students in the
School of Renewable Natural Resources. His students have served as
seasonal firefighters and in permanent
capacities in federal, state and local
natural resources agencies, Zwolinski
says. They serve as wildlife biologists,
range conservationists, foresters, fuels
experts, fire management officers and

others.
"In a classroom setting we try to be
quite neutral about fire," he says. "You
have wildfires that happen at the
wrong place and wrong time, that need
to be put out. At other times you may
want to deliberately apply fire to an
ecosystem. Yet the chemistry and physics of fire don't change in either case.
We look at desirable impacts. A wildfire may be allowed to continue if it's
not doing much damage, but loss of
life, property or resources such as timber or watershed value must be taken
into account."

When a fire goes out, that's when a
lot of the work starts, according to
Zwolinski. A group of federal scientists
form a BAER (Burned Area Emergency
Rehabilitation) team to go into a
burned area and come up with projections and recommendations to minimize the damage.
"Education doesn't stop with how to
put a fire out, it also involves what you
do after a fire with the rehabilitation
changes that take place," he says. The
forest ecosystem is still there, and fire
doesn't always damage it. Fire can
open an area up, allowing smaller forage shrubs and berries to grow. This in
turn increases wildlife habitats and recreational opportunities such as hiking.
Above all, Zwolinski says Western
conifer forests are different from hardwood forests in the eastern United
States, and thus require a different
management approach.
"Western forests have a lot more
needle-bearing trees that are susceptible to fire," he says. Hardwood forests in the East are difficult to burn because the trees have an elevated crown
and large surface leaves, so you don't
get the conflagrations that occur in the
West. The increased moisture, mainly
from snow, causes a more rapid decomposition of debris. Out in the drier
West, decomposition is slower.
All of this makes a difference in the
fundamental approach agencies take to
managing fire in the West. Controversial approaches abound, from complete
suppression of fire that led to the problem in the first place, to the clearcutting
or logging of old growth forests that
won't solve the problem either, according to Zwolinski.
"Mt. Lemmon was reported to be one
of the most dangerous areas for fire in
the country, and so was Mt. Graham,"
Zwolinski says. "The solution to preventing this buildup is thinning the
younger trees, not clearcutting, and
burning underneath them to reduce
fuel load and the danger of fire. "O

CONTACT

Malcolm Zwolinski
(520) 621 -1432
mjz @ag.arizona.edu
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The Santa Rita Experimental Range Turns 100
Vegetation and wildlife studies assist range management
By Joanne Littlefield

3

n

Vegetation on the range near Pyramid Hill in 2000.

The air is crisp and clean, the sky

clear and blue. Thirty miles away
from the bustle of city life in Tucson acres and acres of undeveloped
rangeland roll to the base of the Santa
Rita Mountains. Since 1903, University
of Arizona scientists have gone there to
gain a working knowledge of the land:
what grows there, how climate changes
affect it and much more.
At the turn of the 19th century more
than 51,000 acres of land in what was
then the territory of Arizona were set
aside to research the effects of cattle
grazing. One hundred years later the
Santa Rita Experimental Range (SRER)
still provides answers to some of the
most pressing environmental questions
of the day. Researchers there are looking at things such as carbon storage by
plants; the effects of fire, noxious weeds
and overuse on public lands; and the
changing vegetative face of lands in the
Southwest.
Mitchel McClaran, professor of range
management in the School of Renewable Natural Resources at the UA College of Agriculture and Life Sciences
(CALS), has been monitoring vegetative
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changes at the Santa Rita since 1986. He
has noticed two dramatic changes.
"In 1903 the mesquite was largely restricted to washes and now it's on
nearly every part of the station,"
McClaran says. The other large change
resulted from the introduction of
Lehmann lovegrass from Africa in the
1930s, with deliberate periodic seeding
of it on about one per cent of the range
up until the 1960s. "That grass has been
so successful that it is now probably
present on about 85 percent of the
Santa Rita," he says. (Both mesquite
and Lehmann lovegrass can crowd out
other native plant species more desirable for grazing.)
Because of its proximity to campus,
scientists from many CALS departments use the experimental range for
research fieldwork and for outdoor
class laboratory sessions. Projects include ornithology studies on both
game and non -game birds; large game
studies in cooperation with the Arizona
Game and Fish Department; and even
small mammal studies looking for the
presence of hanta virus. The Forest Service is investigating termite colonies to
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determine how many termites are affected by different kinds of termiticide.
About 700 head of cattle are used in
long -term grazing research studies. Researchers are evaluating the response
of vegetation to grazing rates, seasons
of grazing and the rotation of the seasons.
"Some of these treatments started in
the 1950s, so we have what's approaching 50 years of information of vegeta-

tion response to these practices,"
McClaran says. A private rancher pays
grazing fees to run the livestock but
CALS researchers determine how many
cattle can be supported on the land,
where to put them and for how long.
McClaran takes his range management classes out to the SRER twice a
year. Its location just south of Tucson
makes it convenient to visit.
"We can be on the ground and doing
it's a
things within 45 -60 minutes

-

great facility for educational pur-

poses," McClaran says. "So in a three hour lab we can be out and back and
get things done all year round."
The SRER was originally federal land
administered by the United States For-

-
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Historic photo shows vegetation near Pyramid Hill

est Service until 1988. A land exchange
that created the Buenos Aires National
Wildlife Refuge brought the Santa Rita
under CALS administration as state
land. McClaran chairs the research advisory committee.
"When the the college acquired the
experimental range we didn't receive
any money to run it," McClaran says,
"although there was a dedicated budget when it was administered by the
Forest Service. When we got it we did
not receive a dedicated budget from
the state, so we've been sort of on a
shoestring to run it." For this reason,
fund raising activities will be held in
conjunction with the upcoming centennial celebration to establish an endowment for operating the Santa Rita "at a
little bit higher level of presence and
assistance to researchers and educators
than we have had before," McClaran
says. The official centennial celebration
will include a three -day conference beginning October 29, 2003, with field
tours following on November 2.

Looking

toward

the

future,

as

it appeared on the Santa

Rita Range in 1902.

evaluate how land use practices affect
the ability of plants to sequester carbon into the soil by pulling it from the
atmosphere.
"NASA is interested in it because
we're using satellite imagery to extrapolate small study area findings to
a larger area in the Southwest, evaluating the ability of remote sensing imagery to detect differences in vegetation and the associated carbon in the
soil," he says. By using historical photos and documentation, the project is
evaluating mesquite killing treatments
that took place in the 1930s and the
1960s.

"Because we know how long mesquite trees have been present and how
long ago they were killed, we can begin to put together the rates of carbon
accumulation under mesquite trees,"
McClaran says.
Another project, funded by the National Research Initiative, is evaluating
the role of seasonal rainfall in forecasting the effect various climate changes
may have on vegetation.ta

CONTACT

Mitch McClaran
(520) 621 -1673
mcclara n Cru. arizona. edu

For more information on the Santa
Rita Experimental Range and the

Centennial conference:
cals.arizona.edu/SRER

McClaran is currently working on a
project in cooperation with NASA to
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Cracking the Code in Maize
Gene studies offer tools for plant improvement
By Susan McGinley

Vicki

Chandler has

To

with transposons, or "jumping genes" which are DNA sequences that can move from one
position on a chromosome to another, or even to another chromosome entirely. The molecular
biology technique of transposition involves excising the desired DNA from one area and deliberately introducing it someplace else. In the case of maize,

Department of Plant Sciences, she uses methods
based on molecular genetics
and classical Mendelian genetics to figure out how
genes regulate one another
when they communicate in
the nucleus of the cell.
In particular, she has focused on epigenetic, or nontraditional control of gene expression in plants. This is a

Chandler and her colleagues
have developed the tools to
change red, blue, purple and
black kernel pigmentation by
regulating transposable elements and gene silencing.
Along the way, Chandler and

her team have identified
genes that prevent gene silencing, in addition to those

natural occurrence where
heredity is somehow controlled not through the usual
DNA sequence, but through
proteins that interact with the
sequence to reversibly silence
genes. Her findings, which are
contributing to a better under- 0
standing of plant physiology, >
development and evolution,
also have practical applications
Research
in agriculture and in biology.
As a postdoctoral researcher at Stanford
University,Chandler became fascinated by
the gene regulation systems in corn
particularly in the way genes are silenced.
She read about a phenomenon that was
first identified in maize 50 years ago, called
paramutation. Normally, according to
Mendel's first law of genetics, two alleles
(different forms of a gene, such as those
for yellow and white kernel color) come
together and then segregate unchanged.
In paramutation, which violates Mendel's
first law, the alleles come together and one
is actually changed. Chandler wanted to
know more about what caused such gene

-
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induce mutations deliber-

ately, Chandler began working

spent 17 years study
ing the mechanisms
that turn genes on and off in
maize, especially those that
control color expression in
the kernels. As a molecular
biologist and geneticist in the

that initiate it, and have developed the tools to figure out
how they function. This alteration of the purple pigment biosynthetic pathway is serving as
a model for understanding the
way genes can be expressed.
"I love studying this and

won't quit until

corn (courtesy of Vicki Chandler)

silencing, and whether or not that
mechanism could be deliberately
induced or controlled.
This question became the basis of
biochemical and genetic studies that
she initiated in her own laboratory at
the University of Oregon in Eugene
and later at the UA, where she
transferred in 1997. With advances in
molecular biology, genetics and
genomics that have developed over the
past decade, Chandler was able to take

I

figure it

out," Chandler says. "We're
now finding that there are interconnections among all the systems I've studied in the last 17 years, controlled on
the level of chromatin in the cell."
By clarifying gene mechanisms in
maize, Chandler has offered the scientific community a way to understand
at a deeper level the way plants grow,
develop and evolve. In recognition of
her pioneering work, Chandler was
elected to the National Academy of Sciences in spring, 2002.0

her work to a deeper level, revealing new
mechanisms for controlling gene silencing.
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Vicki Chandler Elected to the National
Academy of Sciences

ceptional professors as mentors

,d
1

Vicki Chandler, a University of
Arizona molecular biologist and
geneticist known for her pioneering work in clarifying the mechanisms of gene regulation in maize,
was elected to the National Academy of Sciences on April 30, 2002.
Her findings are contributing to
deeper understanding of the way
plants grow, develop and evolve.
Chandler is a professor in the
UA Department of Plant Sciences
and has a joint appointment in the
Department of Molecular and Cellular Biology. She is a member of
the Interdisciplinary Program in
Genetics and was recently appointed associate director of the
newly formed Institute for Biomedical Science and Biotechnology (IBSB) at the UA (see sidebar).
In addition to her research, Chandler teaches advanced genetics
courses for graduate students.
"I have top -notch people in my
lab," Chandler said, "a lot of great
students. And I have had three ex-

along the way: Keith Yamamoto at
UC San Francisco, Virginia Walbot
at Stanford University, and Randy
Schekman at UC Berkeley. All have
been very influential in my training as a scientist."
Election to membership in Academy is considered one of the highest honors a U.S. scientist or engineer can achieve. Chandler was
among 72 new members and 15 foreign associates from 12 countries
recognized for their distinguished
and continuing achievements in
original research. Those elected
bring the total number of active
members in 2002 to 1,907. Chandler
is the 25th member of the NAS in
Arizona and the 19th at the UA.
"Vicki is an outstanding choice
for this honor, because not only
does she do important research in
genetics, she is also an excellent
teacher of both undergraduate and
graduate students, and a caring uni-

versity citizen," says Robert
Leonard, head of the Department of
Plant Sciences.
The NAS is a private organization
of scientists and engineers dedicated to the furtherance of science
and its use for science and 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.

Institute for Biomedical
Science and
Biotechnology (IBSB)
Answers to some of the biggest questions in science today are pursued at the
intersections of disciplines. Biochemists,
neuroscientists, respiratory scientists,
medicinal chemists, cancer researchers
and plant scientists all are examining the
workings of genes and protein systems
as the key to fundamental breakthroughs
within their fields of study.
Molecular life sciences research will
lead to new techniques for the detection,
treatment and prevention of a wide variety of health concerns, such as cancer,
asthma, diabetes and obesity. It will encourage breakthroughs in nutrition and
plant science and environmental
remediation. The University of Arizona's
Institute for Biomedical Science and Biotechnology exists to support this important work.
The Institute for Biomedical Science
and Biotechnology, which will eventually be housed in a building of its own,
will offer a model for scientific interaction in the emerging field of interdisciplinary molecular life sciences. Researchers will develop new techniques
for detection, treatment and prevention
of a wide variety of health concerns. At
the UA, the Institute includes faculty,
staff and students from five colleges:
Science; Agriculture and Life Sciences;
Engineering and Mines; Medicine; and
Pharmacy.
"Bringing together scientists from different disciplines with cutting -edge technology will create the environment conducive to major conceptual advances,"
says Thomas Baldwin, director of the Institute and dean of the UA College of
Science. "The Institute also will be an
engine that drives economic development, turning laboratory discoveries into
for -profit products or companies, encouraging existing companies to relocate to
this exciting scientific environment."

CONTACT
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For more information contact Mick
Jensen, director of communications,

the Institute for Biomedical Science
and Biotechnology (520)626-3647,

mjensenl@email.arizona.edu
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A New Plant Disease Hits the U.S.
"Winter Salad Bowl //
Fusarium wilt of lettuce
By Joanne Littlefield
Fusarium Wilt of Lettuce
cals .arizona.edu /yac /fusarium.htm
The first symptoms of Fusarium wilt
may occur as early as thinning, when
some seedlings wilt and die. Infected
plants display a characteristic red brown streak extending from the uper taproot into the cortex of the crown.
Ider affected heads exhibit a tipburn
'hat may often be limited to one side of
he plant. Yellowing of leaves and a
.

rown to black streaking of the foliar
ascular tissue is often present. Infected
lants may be stunted or fail to form a
ead. The cortex of the crown turns a
eddish -brown in color, and vascular
arkening extends into the root tissue
on the affected side of the plant.

Because growers in Yuma County
regularly monitor the health of
their lettuce crop, they aren't expecting to find a new plant disease. And
when they do see a change in crop appearance, it doesn't always signal a pathogen.
For example, yellowing of the leaves can
be caused by many factors such as sudden temperature change, mineral deficiencies or herbicide residue from a previous
crop. Yet it can also signal the presence of
fusarium wilt, a fungus disease that streaks
lettuce leaves a redbrown color and stunts
their growth, leaving the heads unmarketable. The production of head lettuce in Arizona is big business for Yuma County
growers with a gross income of over $329
million in 2001.
University of Arizona plant pathologist
Michael Matheron has been studying
fusarium wilt on lettuce since the fall of
2001 after a plant sample was brought to
him and identified.
"When we cultured organisms from the
plant we isolated Fusarium oxysporum,"
he says. The disease was first identified in
iceberg lettuce grown in central California
in 1990, and it's possible that the soil-borne
fungus Fusarium oxysporum f sp. lactucae
has been affecting plants in Arizona for
some time without being detected.

/6

"Not all fusariums in the soil are bad
guys," Matheron says. "A lot of them are
just free-living, they don't really cause disease and they look very similar to the ones
that are pathogens." The best tactic, then,
is to follow clean field practices. Because
the fungus moves slowly through the soil
but will survive if the soil is transported,
growers are encouraged to remove soil
from tractors, implements, harvesting
equipment and even workers' boots.
"After every crop is harvested, the debris from the previous crop is disked into
the soil," Matheron says. "Every time a
tractor goes by with an implement, it's
dragging soil from one place to another. If

there's a spot that has this particular
fusarium fungus in it, it's going to be
spread further and further." Thus a field
that may have had just a single infected
plant one year may develop larger fungus infested areas in subsequent seasons as the
spores from the pathogen are spread mechanically on disk blades and other tractor implements.
Planting different cultivars of lettuce
may also help, but it isn't yet clear which
ones will work. Matheron is conducting
field trials in infected soil with the help of
the Yuma grower who first found the
fusarium-infected lettuce in his field, to
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determine which varieties of lettuce are
more fusarium -resistant than others. They
have planted the cultivars of lettuce that
are typically grown in the Yuma area, along
with a few types normally grown in the
Salinas, California area during the summer.
"On the first planting we took three different disease ratings -one about 25 days
to a month after planting, one 14 days after that and one at maturity," Matheron
says. This practice shows the development
of the disease over time so growers will
have visual clues to look for at different
growth stages.
"Yet right now, because we don't really
know anything about the relative susceptibility of the various types of lettuce, the immediate recommendation would be not to
plant lettuce where fusarium has been
found," Matheron says. "At least not for a
few years until we can find out if there's
some genetic resistance in any of these types
of lettuce." This strategy may also give lettuce breeders time to discover resistance in
different seed varieties and get them into
commercial production.
CONTACT
Michael Matheron
(928) 726-0458
ma th eron @ag. a rizona. ed u
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Cleaner Air in the Desert
New technology measures dust emissions in agricultural settings
By Joanne Littlefield
The agencies responsible for
monitoring air quality standards
in Arizona based on the federal
Clean Air Act continue to look at dust

particulates that have the greatest

potential to compromise human health.
PM-10, or particulate matter smaller than
10 microns, is considered a source of air

pollution throughout the state.

Combustion of diesel fuel, emissions
from fossil -fuel -powered electrical
plants, aerosolized soils, and soil
movement operations in mining,
transportation, agriculture and other
industries can contribute to PM -10
concentrations in the air and reduce air
quality.
In the early 1990s researchers at the
University of Arizona began monitoring

PM -10 dust monitor, on

tractor and close

up.

emissions from agricultural tillage
equipment to find out exactly how much
particulate matter they discharged and
to figure out how to reduce that amount.
At that time Wayne Coates (a research
professor with the UA Office of Arid
Lands Studies) constructed a monitoring
device that could be mounted on the
back of various agricultural implements.
He determined that a stalk puller and a
USM (uprooter /shredder /mulcher)
tractor implement produced the fewest
emissions during cotton plowdown operations.
Since then, James Walworth, an extension soils specialist in the Department of
Soil, Water and Environmental Science,
Robert Roth, director of the Maricopa Agricultural Center (MAC) and Frank "Ed"
Eaton, a research associate in the Department of Agricultural and Biosystems Engineering, have continued research in
this area. Eaton has developed and modified equipment for taking PM -10 measurements behind the tractor in the field.
"Currently we are just trying to measure what is actually stirred up with the
agricultural implements," Eaton says.
"The ideas behind the study we are doing now and the one conducted earlier
are somewhat different although we are
using similar measuring devices such as
dust suction motors."
The new monitoring system includes
four tiers of intake pipes feeding to four

separate electronic counters. Mounted
on the back of a tractor implement, such
as a tiller, disk, or plow, the device extracts a sample of air while the implement is in motion on the ground and
sends it past a laser beam which measures the concentration of PM -10 particles in micrograms per cubic meter.
"The amount of PM -10 we're stirring
up with these implements is very low,"
Eaton says.. "The EPA maximum is 1.5
micrograms per cubic liter, and very
rarely will we exceed that. The fields
we're working in at Maricopa and
Marana Agricultural Centers, show
about .010 to 1.00 micrograms per liter."
During this last year of the current
three -year study, Eaton is comparing
PM -10 measurements from four different till methods, including conventional
tillage equipment, the Sundance tiller developed by Sundance farms in Coolidge,
the Bingham Paratill and a Pegasus plow.
The Pegasus system, which pulls cotton
stalks and buries them in one pass
through the field, showed lower PM -10
readings and was the most fuel efficient
of the four systems.
"If you can reduce the trips through
the field, you're going to reduce the
amount of dust you kick up," Eaton says.
"In addition to PM-10 measurements we
are noting fuel or energy consumption
along with cotton yields for each

plowdown method." By taking soil
samples prior to running the equipment
Eaton is able to correlate PM -10 readings
with weather and soil conditions. His
measurements will help show the
amount of PM-10 actually resulting from
cotton tillage as opposed to other activities. "It is pretty much accepted knowledge that a lot of our dust comes from
unpaved roads, but how much, we don't
know," Eaton says. This apparatus,
which has been modified to fit eight different combinations of tractor implements, could be also be adapted for use
with road grading equipment()

2002 Agricultural Experiment Station Research Report

CONTACT
James Walworth
(520) 626 -3364

wal worth Crag. arizona. edu
Robert Roth
(520) 568 -2273
bobroth Crag. a rizona. edu
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Mine Taj/ir gss Restoration
Meth od uses high -gra e biosolids to revegetate land
By Susan McGinley

tailings and biosolids don't
sound like they go together,
but combining the two in the

Mine

proper ratio actually produces a medium
that can support living plants. (The product of wastewater treatment of sewage
is known as biosolids.) Ongoing research
conducted through the University of Arizona, National Science Foundation Water Quality Center (W-Q -C) offers a solution for covering unsightly bare mine
tailing piles while at the same time disposing of sewage sludge without affecting groundwater quality. Tests conducted at commercial sites in southern
Arizona show that the remediation
method does not release heavy metals
or excess nitrogen into the soil.

Mine tailings, the waste
material left over from
processing ore, are essentially
tons of crushed rock with
zero percent organic matter.

ï
Mine tailings unamended.

Why mix mine tailings with biosolids
in the first place? Because each has
what the other lacks. Mine tailings, the
waste material left over from processing ore, are essentially tons of crushed
rock with zero percent organic matter.
Deposited in ten -foot "lifts," they are
extruded like a thick toothpaste that
dries out, according to Ian Pepper, director of the W -Q -C. Thousands of
these raised, barren piles dot the Southwest.
"Nothing grows on them; they look
like the surface of the moon," he says.
"We wondered if we could take
biosolids that are primarily all organic
materials and add them to mine tailings the perfect inorganic matrix
to make an instant 'soil.' The answer is
yes, you can. As soon as you add the
biosolids to the mine tailings, the microbial population jumps from 400 per
gram in the tailings to about 10' or 108
million per gram in the created soil.
This microbial population is a prerequisite for growth."

-
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In cooperation with ASARCO and
Pima County Wastewater Management
Department and with the approval of
the Arizona Department of Environmental Quality, Pepper and soil scientist Ed Glenn began their research at
the Mission Mine in Green Valley in
December 1998. Biosolids were added
at the rate of 80 dry tons per acre to a
3.75 -acre site that was seeded initially
with native Southwest grasses. The
area was monitored for plant growth
and for the presence of nitrates and
metals. In December 2000 the first
biosolid amendment was added to a
20 -acre site, also at the Mission Mine,
as a real -time disposal from a wastewater treatment plant in Pima County.
Approximately 150 dry tons per acre
were applied to that site, then seeded
and monitored. Neither site was irrigated, yet today, grasses and shrubs
cover the once stark landscape.
"Given the statistics, natural indigenous Sonoran Desert is only about 20
percent cover," Pepper notes. "We go

The University

way beyond that percentage at these
sites." The biosolids proved to be beneficial in adding essential plant nutrients, amending the soil with organic
matter, and enhancing soil microbial
populations. The resulting vegetation
stabilized the mine tailings and reduced wind erosion.
"This is important, because the raw
tailings are very prone to air pollution
from dust," Pepper says. Although he
was pleased with these benefits, Pepper admits he was concerned that the
tremendous amount of organic nitrogen going into the ground from the
biosolids could cause seasonal nitrate
nitrogen (a pollutant) buildup in the
groundwater. During the monsoons
the moisture causes mineralization and
rapid nitrification of nitrogen, particularly in surface soil. Yet the researchers found the nitrates didn't leach, es-

pecially during the cooler winter
months.

"Heterotrophic bacteria feed on
some of this. We speculate that massive

of Arizona College of Agriculture and Life Sciences

The Water Quality Center
The University of Arizona, National Science Foundation Water
Quality Center (W-Q -C) investigates physical, chemical and microbial processes that affect the
quality of surface and subsurface
waters including potable supplies. Housed in the UA College
of Agriculture and Life Sciences
Environmental Research Laboratory in Tucson, the center includes
an interdisciplinary group of bi-

Mine tailings three years after biosolids amendment.

amounts of denitrification were occurring, releasing the nitrogen as gas,"
Pepper explains. "There was an overall loss of nitrogen from the system
without detrimental effects on underground aquifers."
Another potential problem was the
possibility that the mine tailings still
contained high metal concentrations,
particularly copper and molybdenum,
that could leach into the groundwater;
biosolids are characteristically low in
metals. Again, there were protective
factors: the lack of irrigation inhibited

leaching, and Pepper found that
a tendency to tie up
complex metals within the mine tailings, making them less bioavailable. It
should be noted that neither site was
monitored for the presence of pathogens because the treated sludge used
in the research was rated class A "exceptional quality," or pathogen -free.
This study was designed to evaluate
not only the revegetation aspects of
adding biosolids to mine tailings, but

biosolids have

also the benefits and hazards of applying liquid digested sludge for agricultural crop production. Since 1983
biosolids have been put on agricultural
land in Marana, north of Tucson, but
farmland there is becoming scarce, and
this method offers an alternative avenue of disposal. The W -Q-C is also examining bioaerosols, chemical odors,
pathogen transport through soil, and
methods for upgrading of class B
biosolids to class A.
The Arizona Mining Association, mining companies, California's Los Angeles
and Orange County Sanitation Districts,
and several agribusinesses have shown an
interest in this remediation work and the
potential for its application on a more
widespread basis.O
CONTACT
Ian Pepper
(520) 626 -3328
ipepper@ag.arizona.edu
For more information:
wgc.arizona.edu
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ologists, chemists, physicists, hydrologists, and engineers who
work together to resolve water
quality problems. Undergraduate
and graduate students also participate in conducting research,
publishing and presenting papers,
and thus gain broad industry perspective and industrial job opportunities. Funding for the center
is supplied by companies and
agencies interested in specific
water quality issues, and by the
National Science Foundation.
Research focal areas include

water security; the fate and
remediation of commercial and
industrial contamination; agrochemical products and practices
that influence water quality; municipal waste treatment and reuse; mining; and potable water
quality.
"lt is the dynamic relationship
between the private sector and
the university, and the integration
of the university with industry and

governmental agencies that
makes this NSF Water Quality
Center unique," says Ian Pepper,
director of the Center. "In addition, it is the combination of university expertise and corporate
funding that leads to scientific discoveries that can enhance water
quality for the community at
large."
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Salad at the South Pole
Growth chamber will house vegetable and fruit crops
By Susan McGinley

Phil Sadler (left) and Gene Giacomelli inspect lettuce plants in small prototype

Fresh produce doesn't come to
mind when you hear the word
"Antarctica." Researchers living
there usually eat packaged food year
round indoors. They can suffer from
seasonal affective disorder (SAD), a
health malaise brought on by a lack of
full spectrum natural light, and they
long for the sight, taste and touch of
plant life in the most isolated place on
earth. They've also learned that having
access to plants can raise morale and
increase productivity.
For these reasons, personnel based at
the new Amundsen -Scott research station at the South Pole will be growing
and harvesting their own salad vegetables by 2004 in a special high-tech-

nology facility designed, built and
tested by the University of Arizona. Scientists from the Controlled Environment Agriculture Center (CEAC) in the
College of Agriculture and Life Sci-
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of food growth chamber.

ences are collaborating on the project
with Phil Sadler, of Sadler Machine
Company in Tempe, Arizona.
"The main purpose for including the
food growth chamber in the new station is the psychological effect that it
has on the station personnel," says
Gene Giacomelli, UA professor of ag-

ricultural and biosystems engineering,
and director of the Controlled Environment Agriculture program at the UA.
"They are totally isolated in a frozen,
9,000-foot elevation desert of snow, 800
miles from the coast of Antarctica,
where temperatures can reach lows of
minus 118 degrees Fahrenheit. For
seven to eight months of the year, temperatures are so low that aircraft cannot land and no one can come or go."
The self -contained unit will feature
a food growth chamber equipped for
raising leafy greens and fruiting vegetable crops hydroponically, separated

The University
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by a transparent wall from a sitting
room where researchers can relax and
enjoy the sight of lush green plants.
Lettuce, herbs, tomatoes, cucumbers,
and sweet and hot peppers will be
grown in a recirculating nutrient solution. Automated controls for air temperature, light, humidity, watering and
nutrients will enable researchers to
raise and eat their vegetables year round.
The chamber is part of a new South
Pole research station that will be officially commissioned in 2004 by the National Science Foundation (NSF), which
directs activities of the United States
Antarctic Program. The NSF is constructing a replacement for the existing
station with the assistance of its civilian contractor, Raytheon Polar Services
Company (RPSC). The South Pole Food
Growth Chamber Project was initiated by the NSF, which RPSC comSciences

petitively bid, and the UA ultimately
won. The UA must build and deliver
an operable unit to the South Pole and
provide training for RPSC engineers
who will be managing it.
Not only does the team want a diet
they are accustomed to that includes
fresh salads, they also need the visual
and sensory stimulation offered by
green plants, which are absent at the
South Pole. The 20 -by 30 -foot chamber
will give them the chance to see, feel
and smell vegetable and herb plants

entists and technicians. By having a
room with a big window where people
can sit and look at growing plants
while they play cards or socialize,
Giacomelli says, they'll be able to experience the healthy effects of being
around growing plants in a lighted environment that helps them flourish.
Aside from the intensive hydroponic
crops in the food growth chamber, station personnel will also have the opportunity to assist in caring for other
plants in the sitting area.

year- round, and
also provide them
with a bright environment of en-

hanced spectrum
lighting, according
to Giacomelli. The
crop yields will be
adjusted to the size
of the current sta-

tion population,
which will include
200 people during
the Antarctic's 3-

month summer,
and 30 -40 people
the remainder of
the year.
The UA is no
stranger to development of food Lettuce plants thrive in small-scale growth chamber.
production facilities within environmentally hostile arSadler 's expertise as a former bioloeas, according to Giacomelli. In the
gist and current engineer and manuearly 1970s controlled environment
facturer, coupled with his experience in
vegetable production greenhouses Antarctica, make him a natural partner
were successfully operated by the uniwith the UA on the project, Giacomelli
versity in the deserts of the Middle East
notes. "Phil's got the experience 'on the
and northern Mexico using technologiice' because he has lived and worked
cal advances in horticulture and engiat the pole, and he built the first sucneering. In Antarctica, the UA is corn cessful food growth chambers and
bining its innovations in hydroponic
greenhouse in Antarctica. He can build
food production and controlled envitop quality, long lasting and capable
ronment agriculture with the engineerequipment to furnish the food growth
ing and manufacturing abilities of
chamber." The current project will be
Sadler Machine Company.
the first officially commissioned food
The design of the sitting room in pargrowth chamber for the NSF, replacing
ticular was based on the suggestions
a small test greenhouse that proved
and experience of Phil Sadler, a former
successful.
Antarctic construction worker and cur"The lighting source he has designed
rent designer of controlled environwater-cooled lamp is of particument facilities, together with Raytheon
lar value. Phil makes lamps that are
and other government engineers, scimore than 10 times as powerful as a 40-

-a

-

watt light bulb, but are so cool you can
touch them with your hand," he says.
"They are practical to use in the confined space of a growth chamber where
plants can get close to them and not be
damaged by excessive heat."
The ultimate goal of the food growth
chamber is to provide a better quality
of life for researchers who live and
work at the South Pole, and to help others understand how people can adapt
to living in seclusion without seeing
the sun for months on end.
"For five-and -a -half
months there is no sunshine, just total darkness," Giacomelli says.
"The benefit is not only
for fresh food at that
time, but also for the
high intensity light that
mimics the sun, the
high humidity, the aromas and flavors that remind us that we're
alive and that we enjoy
eating. Psychologically
it's very important." 0

CEAC
is an interdisciplinary research and training facility located on

The CEAC

the University of Arizona's Campus
Agricultural Center. Students and faculty from the College of Agriculture and
Life Sciences, including Agricultural
and Biosystems Engineering, Agricultural Education, and Plant Sciences
currently participate in its programs.

CONTACT
Gene Giacomelli
(520) 621 -1412
giacomelOu.arizona.edu or
cals.arizona.edu/ceac/
For more information:

cals.arizona.edu/CEAC/
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High-Stakes Testing Isn't the Answer
Study compares AIMS test scores for different student populations
By Susan McGinley

In the scramble

to improve public
education in Arizona, high- stakes
testing has been implemented to

"weed out" failing students and possibly
prevent them from graduating from high
school until they can pass a standardized
test such as the Stanford 9 or the more
recent AIMS (Arizona's Instrument to
Measure Standards). In particular, career
and technical education (CTE) students
have typically scored lower than academic students on the AIMS and the
Stanford 9. Does this mean the curriculum they study doesn't prepare them to
graduate? Should all high school curriculum be geared toward "teaching to the
test"?
Jack Elliot and Jim Knight answer both
of these questions with a resounding
"No." Knight is head of the Department
of Agricultural Education at the University of Arizona. Elliot, a professor in that
department, is a current member of the
State Board of Education Career and
Technical Education Advisory Committee. He is the university representative on
the Arizona Council of Occupational and
Vocational Administrators, and just completed his term as Arizona Cooperative
Education president.
After statistically analyzing the test
scores and sociological data of 10,000 seniors from Arizona high schools over the
past four years, Elliot and Knight conclude that raw score comparisons between groups of students are inappropriate because the groups are different.
"A 'chicken-or- the-egg' scenario explains the inappropriateness of raw score
comparisons," Elliot says. "Students with
a predominant kinesthetic or hands -on
learning style are naturally attracted to
career and technical education courses because scientific principles and math con"There is a genius in every
student," says Elliot. "The
problem is the AIMS test can
only find the genius in certain
students."
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cepts are applied in real -life, 'hands -on' activities. Yet, these same students do poorly
on standardized tests because the tests tend
to reward students who are visual or auditory learners. Therefore, what comes first,
the chicken or the egg? In this case, what
comes first, the kinesthetic learners, or the
CTE courses ?"
"There is a genius in every student," says
Elliot. "The problem is the AIMS test can
only find the genius in certain students."
Statistics show that these students tend to
be those who come from higher income
brackets, who are white, who are primarily
visual (learn by seeing) learners and who
are enrolled in academic versus vocational
(CTE) curriculum. Elliot and Knight wanted
to compare in particular the performance
of CTE students with non -CTE students to
see if their curriculum choice accounted for
the differing test scores, as many public education critics believe.
With school board approval, one rural,
one urban and three suburban Arizona high
schools participated in the study, funded by
the Arizona Department of Education, CTE
division. The demographic range of Ari-

zona high school students included
ethnicity, socioeconomic level, and other
factors. The study began in 1999, when the
Stanford 9 test was still in effect, and continued through 2000, 2001 and 2002. The
researchers collected data from three
sources:
High schools furnished results of
a learning styles assessment developed by UA faculty and administered to each senior. Students received a rating for each of the three
major learning styles, visual, auditory (learn by hearing) and kinesthetic.
Individual Vocational Education
Plan (IVEP) information was collected for students in the "special
populations" eligibility categories:

The University

handicapped /disabled, limited
English proficiency, economically
disadvantaged, academically disadvantaged (students below a 2.0
grade point average or in the bot-

tom 25th percentile), and being a
single parent, including pregnant
mother.
The State Department of Education gave the researchers permission to obtain annual records of
Stanford 9 and AIMS test scores
for academic and career and technical education students.
The research focused on whether or not
acaa student's choice of curriculum
demic or vocational/ technical was correlated with lower test scores after other
extraneous variables were controlled for,
including gender, race, ethnicity, special
populations listed above, and the three
learning styles. The researchers compared
the two groups statistically through a multiple regression analysis, a standard statistical measure used in survey research.
More than 60 percent of the students
were white, about 13 percent were Hispanic, and smaller percentages were Asian,
black, American Indian or multiracial.
Gender was divided evenly between male
and female.

--

The research focused on
whether or not a student's

-

choice of curriculum
academic or vocational/
was correlated
technical
with lower test scores after
other extraneous variables
were controlled for, including
gender, race, ethnicity, special
populations, and the three
learning styles.

-

Elliot, Knight and Augusta Zimmerman,
an agricultural education graduate student, found that all five "special population" areas were significantly associated
with lower test scores and were predominantly found in the CTE population, as
were kinesthetic learners. Thus the economically disadvantaged; handicapped;
black and Hispanic males; Hispanic fe-

of Arizona College of Agriculture and Life Sciences

males; and kinesthetic (learn by doing)
learners attained consistently lower test
scores overall on these tests. On the other
hand, students in the higher scoring group
had a predominance of visual and auditory learners.
After controlling for all of these influences, Elliot found there was no difference
between academic and CTE students. This
means that CTE and non-CTE students are
just different groups of people and a raw
score comparison of these two groups is
not an appropriate comparison.
"What wasn't associated with higher or
lower test scores was curriculum choice,"
Elliot says. This means students in CTE
courses will not improve their scores by
enrolling in a heavily academic curriculum. They take those courses because they
suit their learning style best. (It should be

Comments on
Standardized Testing
"We say we need standardized tests
so we can tell how both children and
schools are doing. But we also say we

want creativity and innovation in
schooling so that we can find better
ways of doing things and give parents
real choices. But a standardized testing and evaluation regime almost certainly will reduce creativity and innovation in schooling. Standardized testing produces a distinct set of school
incentives. It encourages schools to organize like factories: systems that can
reliably produce one thing."

"It turns out to be difficult to correlate success on standardized tests with
success in college or success in business or success in life. Isn't it ironic that
at the same time that universities are
broadening their admissions criteria,
looking for more comprehensive measures of ability and learning, questioning the utility of the SATs or even
throwing them out (as a number of
leading universities are considering
doing), schools are narrowing their performance criteria? The two major corn ponents of American education are seriously out of synch with each other.
The most successful system of higher
education in the world is increasingly
convinced that mandatory, standardized testing predicts little and is of only
limited use, while the public schools,
about which so many people seem to
despair, are being told that mandatory,
standardized testing is the solution to
their problems. Something's wrong
with this picture."
Stephen Cornell, professor of sociology and of public administration and
policy at the University of Arizona,
where he also directs the Udall Center
for Studies in Public Policy. From Proceedings of the Forum on "Toward the
Well -Being of Teachers, Schools & Students," March 9, 2002.

After controlling for all of
these influences, Elliot found
there was no difference
between academic and CTE
students. This means that CTE
and non -CTE students are just
different groups of people and
a raw score comparison of
these two groups is not an
appropriate comparison.

noted that students who study vocational
agriculture in high school perform academically just as well as students who did
not study vocational agriculture, according to research.)
Because the state of Arizona has working curriculum standards (competencies)
for CTE programs, these competencies
enable the teacher to identify attainment
of specific skills that are required for the
students. This form of testing omits the
pressure of the high-stakes testing procedures, Elliot says. "This type of instruction
leads to more instructionally relevant assessment versus irrelevant policy -driven
evaluation." (The Arizona Department of
Education has not provided validity data
for the AIMS test.)
"We don't oppose standardized testing
or even testing, but we do oppose high stakes testing because no single event
should decide a student's life," Knight
says. "Everybody wants a number. It's
okay to be accountable, but it's so pedantic and narrow. We know about different

learning styles and yet we force all students to take the AIMS test according to
one learning style. If that's our method for
ensuring that 'no child will be left behind,'
that's almost exactly what will happen."
Instead, he and Elliot, advocate a more
rounded approach to student assessment
that includes more than a test score. They
believe the rationale for evaluations should
be based on the decades of research that
promote an awareness of learning styles,
and other factors that show potential for
success.
"To me, a better assessment scenario
would involve a continuing student port-

folio, that would document student
achievements in addition to grades and
test scores results of a science competition, a music audition, speeches, projects
designed and built," Elliot says. "Students
could be taught to put together an entire
CD of these accomplishments -just think
of all the skills that would be involved with
this type of documentation and assessment." He also suggests that teachers be
assessed and rewarded based on their interaction with students, especially in ad-

-

vising.
"Let's make it really significant in terms
of advancement," he says. "Let's get away
from the 9:00 to 2:00 teachers and reward
the ones who get out there and encourage
students. We need to quit putting hobbles
on teachers and let them do what they do
best, and that is teach our youth."

"We don't oppose
standardized testing or even
testing, but we do oppose
high- stakes testing because
no single event should
decide a student's life."

CONTACT
Jack Elliot
(520) 621 -7173
elliot @ag.arizona.edu or
James Knight
(520) 621 -9144
jknight @ag.arizona.edu or
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More Than ABCs
Success in school also depends on key relationships
By Susan McGinley
Head Start programs, begun in the
1960s, have helped poor and dis

advantaged children from three to
five years old make smooth transitions into
elementary school. The intent has been to
acclimate children to the routines, expectations and early subject matter of school.
And yet, before the children are exposed
to standardized tests, advanced curriculum or sophisticated technology, research
recently completed at the UA School of
Family and Consumer Sciences (SFCS)
shows that it's the fundamental relationship between and teacher and child that
makes the difference in the child's early
success in school. Early intervention has
the greatest effect when the teacher builds
a close, but not dependent relationship
with the child.
In 1992, Angela Taylor, chair of the Division of Family Studies and Human Development in the College of Agriculture and
Life Sciences, began to study the elements
in early intervention programs such as
Head Start that helped children succeed in
handling schoolwork and adjust to classroom settings. In particular, she wondered
how much influence the child's relationships with teachers, parents and peers had
on the child's ability to do well. Thus began the Head Start Child Resilience Project.
"We assumed at the beginning that family background, parents' education level,
and the extent to which the child was exposed to other life stressors such as divorce
and job loss, plus death and health problems, would all have an effect on the child's
school performance as well," Taylor says.
"We were interested in whether classroom
relationships would make a difference
over and above these child and family
background factors."
Through a university Head Start partnership grant, Taylor was able to begin her
research in 1992 at Child -Parent Centers,
Inc., an agency that provides Head Start
preschool services to children in the Tucson metropolitan area. Taylor and her team
of graduate and undergraduate students
periodically interviewed and observed 300
one target
children and their families
child per family through one year each
of Head Start. The children ranged from
three to five years in age; about 75% were
Hispanic. The researchers continued to

-
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Family Studies and
Human Development
The mission of the Division of Family
Studies and Human Development is to
contribute to the knowledge and understanding of family processes, interpersonal relationships, and human de-

velopment through scholarly inquiry,
graduate and undergraduate education,
and research -based outreach.

observe subsequent groups every year
through 1996.
Through a comprehensive set of interviews and reviews of records provided by
the school, the research team was able to
collect extensive data on each child's family background, individual temperament,
parental involvement in the program, cognitive /verbal ability, self- confidence or
perceived competence, and developmental learning progress. The researchers,
many of whom were bilingual, interviewed primary caregivers in their homes
using structured questionnaires in English
and Spanish. They interviewed the children individually, talked with other children in the classroom to get information
on their peer relationships, and observed
the target children's social behavior during free play. Teachers provided ratings of
the children's behavioral adjustment and
reported on the parents' level of involvement in the program.
"We did the same assessments in the
early fall and again in the spring to examine developmental trends in the child and
family over the school year," Taylor says.
Taylor and her team collected this rich
assortment of data to answer three basic
questions: 1) What role do classroom relationship factors (parent- teacher, teacher child and peer relationships) play in low income children's preschool success or performance? 2) Do a child's social relationships make a unique contribution to early
adjustment and progress in preschool?
3) Can teacher -child or peer relation-

ships actually buffer children and
make up for stressful family situations,
poor cognitive ability or problematic temperament?
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The study's findings suggest that parents who did report having a better relationship with their child's teacher were
more involved in their child's educational
program. They communicated regularly
with the teacher, implemented teachersuggested learning activities at home, went
to parent meetings, and helped out in the
classroom. In turn, the parents who were
more involved had children who showed
more improvement through the school
year, as shown through developmental
learning assessments and teacher ratings
of social behavior.
"We found fairly strong evidence for the
positive effects of the teacher -child relationship," Taylor says. "Having a close relationship with the teacher was beneficial,
enhancing the child's social skills and selfconcept, over and above the child's entry
factors (home báckground, etc.)." The researchers found evidence that this close
but not dependent relationship with the
teacher buffered against the negative impact of problem temperament.
"Although children with problem temperament styles generally had poorer outcomes in school, that varied depending on
the relationship with the teacher," Taylor
notes. "Put another way, for children who
had a close relationship with their teacher,
their temperament made no difference. On
the other hand, for those who had a more
distant bond with their teachers, their temperament actually predicted poorer outcomes." Understandably, teacher -child
conflict predicted poorer outcomes overall. As for peer relationships, their role was
not quite as clear as that of the teacher, and
was harder to assess.
In general, the findings of this study support other studies on parent involvement
factors in school. They reinforce programmatic efforts that facilitate and encourage
parent involvement. The study also highlights the importance of the role of the
teacher in nurturing both parental involvement and the child's adjustment in the
classroom. Teachers do make a difference.O
CONTACT
Angela Taylor
(520) 621 -7127
arta ylor @u. arizona. edu
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COLLEGE OF AGRICULTURE AND LIFE SCIENCES
RESEARCH AWARDS 2001 -2002
RESEARCHER OF THE YEAR AWARD:

JIAN -KANG ZHU, PROFESSOR OF PLANT SCIENCES
Jian -Kang Zhu focuses on researching the molecular genetic mechanisms underlying plant responses to
adverse environments such as salinity, drought and low temperature. His work has led to the identification of
genes for modifying the responses of crops to environmental stresses which ultimately will lead to major
contributions to agriculture.
Zhu advanced from assistant professor to professor in just five years. Since beginning his appointment at
the University of Arizona in 1996 he has received grant awards totaling more than $5 million. This represents
a high level of peer endorsement for the quality of Zhu's research accomplishments.
Zhu and his colleagues have used the model plant Arabidopsis to create mutants that are "salt overly
sensitive "(SOS). By cloning and characterizing the SOS genes, they have been able to describe a signaling
pathway that mediates the response of Arabidopsis to high salinity. His lab is currently working on the
structural analysis of the gene products of the signaling pathway and on related proteins that make plants
more tolerant to high salt.
In the course of his research Zhu and his colleagues have constructed transgenic Arabidopsis plants that
literally glow in the dark when placed under various environmental stresses. This feature, called stress inducible bioluminescence, was created by engineering a gene consisting of an osmotic stress -responsive
promoter fused with the firefly luciferase reporter gene. The bioluminescent plants have been used to identify
mutants that respond abnormally to water stress. This work demonstrates a paramount role of the plant
hormone abscisic acid in regulating specific genes that are expressed during water stress.
Zhu has also played a leading role in the genetic analysis of how plants respond to low temperature (cold)
stress and has already discovered several novel regulators of cold-responsive genes important in chilling and

freezing tolerance.
Zhu has authored more than 80 scientific papers and review articles in leading journals, including twenty
publications this past year. He has 10 patents pending review and approval. He is currently an associate
editor for the journal "Plant Molecular Biology" and the monitoring editor for "Plant Physiology."
Recently, Zhu assumed the role of scientific advisor to a Rockefeller Foundation program on crop improvement in developing countries.

OUTSTANDING STAFF IN RESEARCH AWARD:
BRENDA HUNTER, SENIOR RESEARCH SPECIALIST, DEPARTMENT OF PLANT SCIENCES

Brenda Hunter has been the laboratory manager for plant sciences professor Brian Larkins' maize research
program since 1989. She is responsible for financial management, equipment maintenance, supply orders,
record keeping for radioactive and hazardous chemicals, seed, clone and antiserum stock maintenance,
genetic fieldwork and making sure the laboratory is a safe and clean environment in which to work. Her good
work was particularly critical when Larkins was serving as department head in Plant Sciences
While Hunter's first priority has been the running of the lab, she believes it is important to maintain a
research project of her own. Her Ph.D. and postdoctoral training was in plant molecular biology and virology.
For the past four to five years she has actively participated in a laboratory study profiling the patterns of
protein synthesis and gene expression in a series of maize (opaque) kernel mutants. She handled the key
component of this project. A manuscript describing some of the results from this study was recently accepted
for publication in "The Plant Cell" with Hunter as the first author on the paper.
Hunter has a strong work ethic, a great sense of dedication to her job, and takes great pride in the accomplishments of the laboratory, according to her colleagues. She makes her experience and expertise available to
many individuals in the college, and has been a strong and active supporter of department and college staff
activities. She has played an important role in helping the Plant Sciences Department become an outstanding
department. Perhaps Larkins says it best: "In my opinion she is one of the best citizens in the college."
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