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We chose "Environmental
Stewardship" as our
theme because it per-
vades every aspect of
today's society, and

particularly modern agriculture. The
same issues are the theme of the first
Land and People Conference, scheduled
for Feb. 27 -29 in Tucson.

With the support of its sustaining
members, the University of Arizona
College of Agriculture initiated this
major annual conference, which will be

held each year in the spring with a
major issue as its theme.

The conference is organized to allow
a variety of opportunities for interaction
among our guests and the College ad-
ministration and faculty. This year, the
event begins with College schools and
departments inviting their advisory com-
mittees to review programs. Cooperative
Extension also is holding inservice train-
ing. The Friday, Feb. 28, program is a
day -long symposium on environmental
stewardship, followed on Saturday by a

legislative breakfast and an opportunity
to give feedback to the College admini-
stration. Throughout the three -day con-
ference, tours, poster sessions and video
displays will allow those attending to
become better acquainted with College
efforts to support the environment.

For more information about the Land
and People Conference, contact Confer-
ence Coordinator Dr. Norm Oebker,
at (602) 621 -7614, or write him at 323
Forbes, University of Arizona, Tucson,
AZ 85721.

Lorraine B. Kingdon, Editor
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Roger Caldwell

Environmental Education -A New Opportunity
for a New Century
By Lorraine Kingdon

In Roger Huber's class, students
are learning about the environ-
ment and pesticides. In Paul
Wilson's class, UA juniors are
studying the political economics

of environmental conflict. And in Tom
Cordell and Lorraine Kingdori s class,
seniors are trying to use communica-

fions techniques to deal with environ-
mental controversies and crises.

These are three out of a possible list of
75 environmental classes on the UA
campus, says Roger Caldwell, special
assistant to the Dean of the College of
Agriculture. About one -half of the
courses are in that college, and they in-
clude classes dealing with wildlife and
natural resources in the School of
Renewable Natural Resources. Other
courses deal with the environmental

Paul Wilson

aspects of soil and water sciences,
entomology and plant pathology.

At present, UA undergraduates can
select a series of courses that will, in
effect, result in the equivalent of a degree
in environmental science. However,
the university is considering a proposal
for a campus -wide curriculum that
would lead to a Bachelor of Science
degree in environmental science. The
program would be administered through
the College of Agriculture but open to
students campus -wide. Peter Wierenga,
the head of the Department of Soil and
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Donna Chickering

Water Science, is chairman of a commit-
tee to develop the new major, with
members from civil engineering, hydro-
logy and water resources, chemistry,
pharmaceutical toxicology, ecology and
evolutionary biology, economics, atmo-
spheric sciences and geosciences.

Huber, the head of the Department
of Agricultural Education, says his
course on pesticides and the environ-
ment relates to future careers.

"Graduates from the college are enter-
ing industries that require a knowledge
of the environmental regulations under
which modern agriculture functions,"
Huber says. Most companies insist that
graduates meet stringent Arizona or
California pesticide applicator certifica-
tion standards.

Tom Cordell

"We want to prepare
people for careers,

not jobs."

"We have a dual objective," Huber
says. "Students need to understand
how to prevent ground water contami-
nation, the rules that cover endangered
species, as well as those for pesticide
safety and use. But, they also need to
know what led to the regulations and
where they're going in the future.

"We're talking about increasing their
knowledge about ecology so they can
make proper decisions about the role
pesticides will play in sustaining
agriculture."

Since Wilson is an agricultural
economist, his course takes a different
view of environmental policy.

"I teach a mix of economics, political
science and philosophy," Wilson says.
"Our objective is developing an ability
to critically identify and analyze policy
issues and decisions from an ethical and
economic perspective. We need to
analyze environmental conflict looking
through the eyes of people we may not
agree with." He uses case histories of
such issues as food safety, animal wel-
fare, air pollution and sustainable
agriculture as teaching tools.

Environmental issues tend to arouse
diverse opinions and controversies. If
people are going to agree and work for
mutual decisions, they must learn to

ARIZONA LAND & PEOPLE 3



communicate effectively. That's where
Cordell, a marketing planner and public
relations expert in the Department of
Agricultural Education, and Kingdon, a
news editor and media relations expert,
put their skills in communications to
work. They teach students how to use
communications techniques to work
with media, use publicity and amelior-
ate controversy.

Farmers and ranchers have always
been interested in their environment.
It's an everyday part of their lives.
However, the concentration on for-
malized learning about environmental
issues is more recent. A growing con-
cern with environmental safety and
conservation has fueled a growing

"How water, land,
animals and people all
relate- this is going to

be more and more
important in the future."

demand for a more integrated approach
to land, water and animal manage-
ment, says Agriculture Dean Eugene G.
Sander.

"We want to prepare people for
careers, not jobs," Sander says. "We
want to make sure their college educa-
tion is a foundation on which they can
grow."

That is a challenge increasingly being
met by the college.

"The fact that agriculture is part of -
rather than apart from - the environ-
ment demands that we meet a chal-
lenge," Huber says. "We must provide
the agricultural industry with profes-
sionals who understand environmental
complexities and can communicate
them to the public."

With this in mind, a number of
courses focusing on the environment
have begun in the college. For example,
the former general agriculture major is
being revised in the Department of
Agricultural Education into the agri-
cultural operations management cur-
riculum. The revised major contains
core areas in communications, basic
science and mathematics, agricultural
economics and business management,
basic and technical agriculture and 19
credit hours in environmental science
and societal issues, Huber says.

Increasing environmental concerns
also has altered job availability, Wilson
says. "The private sector is more con-
cerned with the systems relating to
the environment. How water, land,
animals and people all relate - this is
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going to be more and more important
in the future."

William Shaw agrees. The professor
in Renewable and Natural Resources
says, "My area, wildlife and fisheries,
has experienced an evolving orientation
with greater concern with environ-
mental issues, such as bio- diversity."

Shaw says that 15 years ago state
agencies, such as the Arizona Game &
Fish Department, were the primary
employers of graduates in his area.
Today, federal natural resource
agencies are the major employer. The
curriculum has shifted from a primary
focus on game to non -game, threatened
and endangered species.

"Changes in our program are a
response to broad social changes in
terms of the employment market and
public concern for environmental
issues," Shaw says.

That public concern was translated
in 1990 to the passage, in Arizona, of
an Environmental Education Act that
prescribes that universities establish
an environmental education training
program.

The law states the legislative intent:
"The legislature recognizes that the
education of the people in this state is
critical to maintaining the delicate bal-
ance among all forms of life and their
environments. It is the intent of the
legislature that the public schools,
community colleges, state universities
and state agencies provide a continu-
ing awareness of the essential mission

to preserve the earth's capacity to sus-
tain a quality of life in the most health-
ful, enjoyable and productive environ-
ment possible."

As a result, the governor appointed
an Environmental Education Task
Force whose job was to outline a
framework for environmental literacy.
The statement submitted in January to
Gov. Symington said, "The framework

provides an outline of the background
needed to understand complex en-
vironmental issues, place those issues
in a realistic social, economic and
environmental context, and work
toward solving current problems and
preventing new ones."

Donna Chickering, in the School of
Renewable Natural Resources, met
with the task force from the beginning
and was appointed as UA representa-
tive to the Arizona Department of
Education Environmental Education
Guidelines Committee. She has been
associated with teaching Arizona's
teachers about the environment for
several years, particularly with an out-
door workshop every summer at
Mormon Lake, near Flagstaff.

Now, she is working with the Gila
County Cooperative Extension agents
Bill Frost and Kathy Williams to "edu-
cate high school students by use of a
hands -on, on -site, role playing work-
shop on natural resource management.
Working with them are the Forest Ser-
vice, Bureau of Land Management,
Soil Conservation Service, Salt River
Project, Copper Cities Global ReLeaf,
Gila County School System and the
Public Lands Committee of Arizona

"We have a lot of
experience on our faculty

that could benefit
environmental education

in the state."

Clean and Beautiful. The Natural Re-
sources Youth Program has earned a
$1,500 enhancement grant from
Arizona Cooperative Extension.

"We in the College of Agriculture
have an opportunity that we need to
seize and go with," Chickering says.
"We have a lot of experience on our
faculty that could benefit environmen-
tal education in the state."

Contact Caldwell at 306A Forbes,
University of Arizona, Tucson, AZ 85721,
or call (602) 621 -2010. Contact Chickering
at 301A Bio Sciences East, University of
Arizona, Tucson, AZ 85721, or call (602)
621 -7263. Contact Cordell and Kingdon in
Ag Communications/Computer Support,
715 N. Park, Tucson, AZ 85719, or call
(602) 621 -7176. Contact Huber at the
Department of Agricultural Education,
226 Forbes, University of Arizona, Tucson,
AZ 85721, or call (602) 621 -1523. Contact
Wilson at the Department of Agricultural
Economics, 403A Economics Building,
University of Arizona, Tucson, AZ
85721, or call (-602) 621 -6258.



Tucson's Wildlife Heritage -Saguaro National Monument
By Suzanne McCormick

ucsori s Saguaro National
monument is the focus of
local and national efforts to
study the effects of nearby
urban development on

Sonoran desert plants and animals.
"As human populations have ex-

panded, the natural ecosystem around
many national parks has been reduced
and the parks have become increasingly
isolated as 'islands' of nature in a
human -manipulated environment,"
says William W. Shaw, a professor of
wildlife and fisheries science in the
School of Renewable Natural Resources.

"This issue is especially relevant for
Saguaro National Monument because
Tucson's rapid expansion is leading to
dramatic land use changes along the
monument borders," he says.

Since 1986 Shaw has been coordinating
a variety of studies on urbanization's
effects on the monument's wildlife, in-
cluding mule deer, javelina, native bird
species and coyotes. The studies were
funded by the National Park Service,
Pima County, the City of Tucson, and
the Southwest Parks and Monuments
Association. UA scientists studying the
Monument report that it is home to 74
species of mammals, 58 species of rep-
tiles and amphibians and nearly 190
species of birds.

When the monument was established
in 1933, Tucson's population was only
35,000 and the monument only was
accessible by traveling 15 miles east of
town on dirt roads. By 1986 Pima
County's population had reached
nearly 625,000, with growth expected to
continue at about three percent per year
and reach 940,000 by the year 2000.

Shaw says the studies of wildlife -
related boundary issues - including
the attitudes and behavior of people
who live near the monument - help to
develop an understanding of the re-
lationship between urbanization and
protected areas. With this kind of infor-
mation, park managers and city plan-
ners can evaluate the implications of

Researchers mark a deer they captured from a
helicopter flying over the Saguaro National
Monument.

"We are very attuned to
the natural environment
we live with here. Tucson

is a national leader in
integrating conservation

into its metropolitan
planning."

alternative land uses for the wildlife and
humans that reside in and near the
park.

Last year Congress authorized ex-
panding the 63,000 -unit east of Tucson
by more than 3,500 acres. A spokesman
for the National Park Service testified at
an April Senate hearing that the monu-
ment's saguaros are vanishing at an
increasing rate. The spokesman said
scientists blame pollution, Tucson's
urban growth and poaching for the loss
of cactus.

While the federal lawmakers approved
expansion, funding has yet to be appro-
priated. Shaw says the impetus for the

expansion is locally based. He believes
that the monument's increased size
would enhance the value of the park
because it would capture the healthiest
saguaro area and the best of the wildlife
habitat, and it will preserve the natural
beauty valued by many Tucsonans.

"We are very attuned to the natural
environment we live with here," Shaw
says. "Tucson is a national leader in
integrating conservation into its metro-
politan planning."

This close relationship between
Tucsonans and the natural resources of
the area is reiterated in Shaw's study of
500 households within a mile of the
park. He discovered that these resi-
dents have extensive interaction with
wildlife and substantial use and enjoy-
ment of the park resources.

Sixty percent of the residents say they
attract wildlife to their homes by pro-
viding food. The majority also report
that the proximity of the monument
was a factor in selecting the location for
their home and most of the neighbors
believe that the park increases the
monetary value of their homes.

This group of residents also expressed
considerable agreement concerning the
kinds of land uses that are appropriate
nearby the monument. When presented
with seven alternatives ranging from
"low density housing (one acre or more
per house)" to "light industry," only
"low density housing" was considered
appropriate by a majority of those who
responded. As a group, the monument's
neighbors favored land management
and zoning that will maintain the inter-
change between the monument and
adjacent lands.

At the current levels of development,
many species of wildlife move freely
between the park and adjacent private
land. Indeed, some species, especially
coyotes and javelina, seem to thrive on
the interaction between the protected
land and the very low density housing
found along much of the monument's
boundary.

ARIZONA LAND & PEOPLE 5



"One consequence of feeding large
mammals may be an exceptionally large
population of urban -adapted coyotes,"
Shaw says. "About 90 percent of the
monument's neighbors reported that
they see coyotes on their property and
over 40 percent believe they have lost

"Some of the
'lavelina are essentially
domesticated and living
with the residents...lt's
very unhealthy for both

the animals and
the people:'

cats to coyote predation."
However, feeding large wild mam-

mals is discouraged for biological and
human safety reasons, says Paul Kraus -
man, a professor of wildlife ecology
who studied the monument's deer and
javelina population.

"Some of the javelina are essentially
domesticated and living with the resi-
dents," Krausman says. He observed
javelina responding to names the resi-
dents had given to the animals. "Some
javelina have altered their behavior. It's
very unhealthy for both the animals
and the people." He believes residents
get a distorted view of the javelina in
the wild.

Krausman said results from studies
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Computer slides provided by William W. Shaw.

Urban
Environments
By Maggy Zanger

(C)

Jimmy Tipton

or stewards of the Southwestern urban environ-
ment, most issues revolve around three concerns -
water use, modifying the microclimate and air
pollution.

Jimmy Tipton, a University of Arizona Coopera-
tive Extension specialist in ornamental horticulture, says
trees play a major role not only in beautifying the urban
landscape, but also in improving air quality and in cooling
hot desert temperatures. In addition, trees that are selected
for their adaptation to an arid climate use little water.

on mule deer showed that they exhibit a
very different behavior from that of the
javelina. The deer remained on the
monument except during long drought
periods, when they sought water pro-
vided by the residents. The monument
has only a limited supply of water.

"In effect, the deer are being managed
by the dictates of the public," Krausman
says. The residents are unaware of their
impact. This allows deer to inhabit areas
that otherwise could not support the
high numbers of deer presently found
on the desert floor during these seasons.

"The habitat is being supported
artificially," Krausman says.

If the residents ended this practice,
the deer would likely seek out water in
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As they grow, trees help reduce urban air pollution because
they absorb pollutants such as carbon dioxide, and at the
same time, they produce life- giving oxygen.

"Any plant contributes oxygen, and to a varying extent,
reduces pollution levels," Tipton says. Some plants trap
atmospheric pollutants on the surface of their leaves. Others
actually pick up some pollutants - sulfur dioxide is one
example - and use it internally. UA studies estimate that a
single tree can absorb 400 to 500 pounds of carbon each year.

Trees also increase moisture in the air through transpira-
tion. Water taken up in tree roots eventually passes through
tree leaves and evaporates into the atmosphere. Increased
moisture decreases temperatures in the microclimate around
the tree. Enough trees can bring summer temperatures
down several degrees, according to UA studies.

Michigan State University researchers estimate that in a
50 -year life span, a single tree generates $31,250 worth of
oxygen, $62,000 worth of pollution control, and recycles
$37,500 worth of water through transpiration. The scientists
also believe that a tree also prevents $31,250 worth of 'soil
erosion because its roots hold soil in place. While monetary
figures may vary in different parts of the country, the
Michigan estimates illustrate the value of trees in the urban
environment, Tipton says.

Trees and other plants are also important in urban
environments because their shade and transpiration counter



higher elevations, resulting in some
reduction in their numbers.

Research on the effects of exotic (non-
native) species - the European Starling
and English Sparrow - on native bird
species was led by R. William Mannan,
a professor of wildlife ecology. He sus-
pected that the increasing number of
exotic species, who also use the cavities
in cactus for ríesting, were displacing
the native birds.

Over the course of the two -year
study, scientists prevented the exotic
species from using their nests by plug-
ging them up in areas off the monument.
Researchers wanted to see if the exotic
species would then usurp the nest
cavities of native species.

"But, after watching the exotic
species for a year, we didn't see them
exclude the native nesters," Mannan
says.

Two factors influenced the results.
First, native woodpeckers drilled new
holes, creating an excess of holes, some
of which were available to the exotic
birds. Second, the native birds had a
different nesting schedule from the exotic
species, thereby reducing competition
for the holes at the same time.

However, Mannan warns that if the
present number of saguaros on the
monument were to decrease significantly
or if the number of exotics increased,
competition for existing holes might in-
crease. Also, to avoid a larger number
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the "heat island effect," created in cities by miles of concrete
buildings and roadways. As cities grow and farmland
decreases, average temperatures increase in the urban area.

"Landscaping really can do quite a bit to reduce the heat
island effects," Tipton says.

The shade provided by trees reduces the cost of cooling
buildings during hot summer months. Through transpira-
tion, trees and other plants cool an area with moisture. But,
Tipton points out that trees planted in the middle of a yard
do little to help cool a house. Trees need to be planted near
the house where they provide shade during the summer
months but don't block the sun during cooler winter
months. It is simple, but crucial, information like this that
Tipton and extension agents provide to the public, nurseries
and organizations.

Another group, the American Forestry Association, has a
Global Releaf program that seeks to plant a tree for every per-
son on the planet. The program intends to try to counteract the
destruction of the rain forests and to beautify urban areas.
Also, it's aimed at increasing an awareness of the importance
of trees in any ecological balance.

"In Arizona, Global Releaf is a big activity," Tipton says.
For example, "Trees for Tucson" aims to plant 500,000 trees
in that city by 1996. The organization suggests 54 varieties of
low- water -use trees that Tucsonans can purchase and plant.

"Trees for Tucson jumped in early and has quite a reputa-

of exotic species from entering the
monument, certain types of develop-
ment that support the non -native
species should be avoided, such as
lawns, golf courses and stables.

Contact Krausman in the Wildlife and
Fisheries Unit, School of Renewable Natural
Resource, 108 Bio Sciences East, University
of Arizona, Tucson, AZ 85721, or call (602)
621 -3845. Contact Mannan at the Wildlife
and Fisheries Unit, School of Renewable
Resources, 201 Bio Sciences East, University
of Arizona, Tucson, AZ 85721, or call (602)
621 -7283. Contact William Shaw in the
Wildlife and Fisheries Unit, School of
Renewable Natural Resources, 216 Bio
Sciences East, University of Arizona,
Tucson, AZ 85721, or call (602) 621 -7265.
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tion, nationally, for its program," Tipton says. Similar
programs have been established in Phoenix and some of its
suburbs, and in Prescott and Nogales.

In Nogales, Richard Harris, the Santa Cruz County
Extension director, helped organize the "2000 by 2000
Foundation" to promote tree planting in the Nogales area.
Harris also serves as the organization's technical advisor.
Working with 21 Nogales High School students, the organi-
zation installed drip irrigation and planted 35 trees in
Nogales' Anza Park in October 1991.

Harris, the foundation, and Nogales High School are also
in the final stages of establishing a nursery to propagate,
grow and sell affordable trees suited to Nogales' arid but
higher elevation environment. Students in science classes
will operate the nursery and sell the trees to the public at cost.

"The idea is making low -cost, low -water -use, native trees
available to the public by early summer," Harris says.

Through the efforts of local organizations such as the 2000
by 2000 Foundation, and with the landscaping expertise
provided by people like Tipton and Harris, the urban
environment can be more beautiful, cooler and more healthy
with little increase in water use.

Contact Tipton at the Department of Plant Sciences, 439 Forbes,
University of Arizona, Tucson, AZ 85721, or call (602) 621 -1060.
Contact Harris at the Santa Cruz County Extension Office, P.O.
Box 1585, Nogales, AZ 85628, or call (602) 281 -4965.
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Protecting Bees -The Natural Way
By Debra Woodrufff

hil Evans laid out eight plastic
dishes on a low platform at
the Carl Hayden Bee Research
Lab in Tucson while hundreds
of buzzing, hungry bees

swarmed around him. Evans poured a
small amount of solution into each dish
from eight different labeled bottles that
he had mixed in the lab - some with
just sugar water, others containing
exact percentages of certain plant corn-
pounds. Immediately, the bees took
notice.

Nearby, entomology graduate student
Steven Thoenes watched the bees fly
and swoop among the dishes. He care-
fully noted which solutions the bees
gathered around to eat, and which
dishes remained untouched by the
buzzing insects.

This experiment took place on a recent
cool, sunny winter day. Evans, a re-
search specialist in the Chemical Ecology
Laboratory in the University of Arizona
Department of Entomology, is seeking
a natural way to repel honeybees. His
goal is keeping them away from fruit
trees for a short time - without hurting
the bees - to give farmers a chance to
do necessary spraying without killing
the precious pollinators.

Farmers and beekeepers suffer finan-
cially every year because thousands of
pollinating honeybees die in fruit or-
chards when they come into contact
with pesticides meant for insect pests.

"We're trying to stop the initial bee
forager from returning to the hive to
lead the rest to the good food out there,"
Evans says. The secret is keeping the
bees from thinking of the orchard as a
food source temporarily - combining
a natural repellent with the pesticide,
forcing the bees to move on to other
fields. The chemical ecologists have
discovered harmless natural repel-
lents in native desert plants. The op-
tion - to repel honey bees - is much
more productive than buying
thousands of new bees every year to
pollinate the orchards.

"So, if we can keep the bees away
for a day or two until the insecticide
dissipates, the repellent could be
economically important to the farm-
ers," Evans says. So important, in fact,
that the state of California has man-
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William Bowers

There will always be a
place in the agricultural
world for toxicants -

it's just a matter of
careful balance.

dated the use of an environmentally
safe repellent if one is discovered. The
promise of a captive market interests
the UA researchers, who think they
are close to developing a successful
bee repellent.

The Cable News Network (CNN)
filmed a segment of the studies on nat-
ural repellents being carried on by
Evans and Professor William Bowers,
the leader of the chemical ecology labo-
ratory. Following its airing, numerous
commercial companies solicited Bow-
ers' assistance in developing commer-
cial products. The research on repel-
lents for honey bees is an outgrowth of
one of these requests.

"We have isolated an excellent bee re-
pellent compound from a plant and are
now identifying its structure," Bowers
says.

He and Evans continue research on
other naturally occurring repellents -

seeking an alternative to "DEET," for
instance. "DEET," which Evans says is
the most commonly used insect repellent
worldwide, is increasingly recognized
as a toxic, dangerous compound.

"There have been some serious
health problems in children following
the use of DEET repellents to keep away
the ticks that carry Lyme disease," Evans
says. "That's definitely an incentive to
find something better."

Currently, Evans is studying the
properties of a southwest relative to the
Pennyroyal -a plant with a pleasant
odor that naturally repels mosquitoes
and ticks.

"The repellent compound in the East-
ern Pennyroyal is known, but is not
quite as effective as DEET," Evans says.
"We're wondering if modifying the
structure could increase its repellency."

In the past, Bowers says, insecticide
products have always been developed
within the industry, and entomologists
have been merely the testers for those
products.

"Industry has always taken the most
economical way to product develop-
ment, until recently," Bowers says.
However, with the growing awareness
of the hazards of toxic chemicals, they
recognize that safer alternatives are
needed. Future products for insect con-
trol must not only be effective, but also
be harmless to man, domestic animals
and wildlife.

Industry has turned to chemical
ecologists, who study the natural
defensive strategies that plants use to
protect themselves from insect preda-
tion. Among these defenses are many
non -toxic repellents and anti- feedants.

"I've been working in this business
for more than 30 years," Bowers says.
"And I realized early on that toxic insec-
ticides just wouldn't be acceptable in
the long run." The time for safer options
has arrived. However, he believes there
will always be a place in the agricultural
world for toxicants -it's just a matter of
careful balance.

"This sudden blanket disapproval for
DDT was an irrational response to per-
ceived problems with pesticides,"
Bowers says. "In fact, millions of lives
have been saved because of the use of
those compounds in crop protection



and to control the insect vectors of dis-
ease." He believes that pesticides have
given scientists a breathing spell within
which better and safer alternatives can
be developed.

Evans continues to work in the chem-
ical ecology laboratory on various types
of repellents - looking for safe and
selective ways of controlling insects. For
example, the insect sense of smell-
much more sensitive than a human's -
is crucial to their lives. Insects use odors
for communication and to discover
feeding opportunities.

"We want to repel insects from a
specific site with a simple odor," Evans
says. "We want to figure out how to dis-
rupt that sense of smell."

Contact Bowers at the Department of
Entomology, 223 Bio Sciences West,
University of Arizona, Tucson, AZ 85721,
or call (602) 621 -7166. Contact Evans at the
Department of Entomology, 228 Bio Sciences
West, University of Arizona, Tucson, AZ
85721, or call (602) 621 -1328.

Honeybees feed on plain sugar water but
stay away from other dishes.

Phil Evans prepares dishes containing
solutions of plain sugar water or sugar
combined with natural insect repellents.

Michael Stoklos
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Best
Management

Practices-
A Practical

Way to
Protect the

Environment
By Angela Woida

I, est Management Practices"
(BMPs) aren't as glamorous a
rallying cry as "Save the
Whales," but BMPs work to
protect the environment just

the same. These guidelines are effec-
tive, not only reducing pollution, but
also producing the highest crop yields at
the lowest cost.

It makes sense. Ecological sense and
economic sense.

The federal Clean Act in the
early 70s led the way to state monitor-
ing of nitrogen and other contaminants.
In early 1977, the Arizona Environmental
Quality Act was passed, and in 1986,

the state put environmental legislation
under the umbrella of the Department
of Environmental Quality. One of
DEQ's jobs was to develop a draft assess-
ment of the state's environmental
health.

Guidelines for water and fertilizer
consumption are still being developed
and refined as a joint venture, among
individual growers, the University of
Arizona College of Agriculture, the
state Department of Agriculture and the
Environmental Protection Agency.

Arizona farmers are using modern
technology through BMPs designed to
improve economic performance and
minimize pollution, especially water
pollution. Guidelines specify
techniques which help growers select
the best rate, timing and placement of
water and fertilizer for the crops they
grow.

Cotton is the state's largest single
crop, with some half a million acres
grown. So BMPs applied to cotton
should have a large environmental
impact, says Tom Doerge, the Univer-
sity of Arizona Cooperative Extension
soil specialist who helped develop the
guidelines for fertilizer applications.
Other shallow- rooted crops are often
very heavily fertilized and watered.
They may contribute more to nitrate -
leaching losses than cotton, acre for
acre.

The amount of water that such plants
as cotton need can be measured with
reasonable accuracy. The total amount
of water needed (consumptive use)

equals the sum of the water actually
used by the plants (the water plants
transpire through their leaves) plus the
amount that evaporates from the soil
surface. Also, some water may be
needed for stand establishment and
leaching.

Jeff Silvertooth, extension agronomist
working with cotton, says that cotton's
consumptive use equals 36 to 60 acre -
inches of water, per season. An acre -
inch is the amount of water it would
take to cover an acre field to a depth of
one inch. The cotton growing season
when water is needed runs from April
through September or early October.
The crop requires less water at higher
elevations, and more in lower areas.
Cotton grown near Buckeye and Gila
Bend, both in low- elevation deserts,
probably uses the most irrigation water
in the state.

"Farmers tend to use a
little too much rather

than risk the economic
loss...

Although toxic chemicals, such as
pesticides, leaching into the soil and
ground water have received a lot of
publicity, fertilizers actually are more
widely used.

"Pesticides are applied mainly to the
foliage of the plants, and many break
down with exposure to sunlight, so

OVERVIEW

Air and
Water Quality

By Suzanne McCormick

Thomas A. Doerge

As Arizona grows as an urbanized state, so does
the amount of potentially toxic by- products
found in its environment. Created from
sources such as industry and automobiles, the
impact of these by- products on water and air

quality is generating concern at the state and national level.
The Arizona 1991 Legislature considered an unprecedented

number of environmental bills, and passed new laws con-

trolling hazardous waste, household garbage and air
pollution.

Phoenix, Arizona's capital, has been cited by the Environ-
mental Protection Agency for violating standards on urban air
pollution.

In a 1991 newspaper survey of Tucson residents, air
pollution ranked as Arizona's most'severe environmental
problem, with water issues close behind.

In fact, the air quality division of the Arizona Department
of Environmental Quality (DEQ) states the number one
issue is urban air pollution. Phoenix has been violating stan-
dards on carbon monoxide, ozone and particulates such as
dust, and Tucson has had problems complying with carbon
monoxide standards. In addition, Tucson and Yuma at
times have been close to exceeding ozone standards.

The 1991 environmental legislation earns mixed reviews on
its effectiveness. For example, a College of Agriculture scien-
tist suggests that lawmakers and politicians have looked for
quick technological fixes rather than preventive, long -term
measures to curb pollution.

"Solving environmental problems can be an extremely
expensive proposition," says Thomas A. Doerge, an extension
soils specialist in the Department of Soil & Water Science.
But, no politician wants to raise taxes or curtail personal life-
style choices. For instance, Arizona has adopted an oxygen-



relatively small amounts penetrate the
soil," Doerge says. "Fertilizers, on the
other hand, are applied directly to the
soil." Farmers typically use large quan-
tities of fertilizers during the growing
season of many crops. The reasons are
simple - economics and the risk in-
volved.

Not all fertilizer will
pollute the water supply.

Fertilizer costs much less per season
than irrigation water. Water costs aver-
age $190 per acre, per season, but the
average fertilizer cost per acre might be
only $25. The relatively low cost encour-
ages growers to use fertilizer generously.

"Farmers tend to use a little too much
rather than risk the economic loss
caused by a deficiency of nitrogen fer-
tilizer," says Doerge. Unfortunately,
using more fertilizer than plants can
absorb means that the remainder is
available to percolate into deeper soil
layers, possibly down to the water
table. Actual movement down that far
could take many years.

Not all fertilizer will pollute the water
supply. Two or three plant nutrients in
fertilizers are essential to high crop
yields: zinc, phosphorous and nitro-
gen. For cotton, only 10 -20 percent of
Arizona fields probably need additional
phosphorous, and excesses don't
threaten ground water supplies. Zinc
doesn't result in pollution problems

ated fuel program to help reduce the level of pollutants from
automobile emissions. Doerge believes such programs rep-
resent a choice of "band -aid technology" rather than more
costly regional transportation or mass transit plans to get
more vehicles off the road.

Vehicle emissions are also a source of toxic air pollution,
which is most serious in Phoenix, reports DEQ. The depart-
ment has detected critical amounts of such toxic materials as
carcinogens in the Phoenix area, and they've discovered
formaldehyde in the Tucson air and ethylene oxide in
Flagstaff.

Visibility - or the lack of it - is another concern in sensi-
tive areas, such as the Grand Canyon or Saguaro National
Monument in Tucson. Increasing numbers of particulates
in the air create blankets of haze hovering over some
Arizona cities and their recreation areas.

And finally, the air quality division of DEQ reports that
Arizona's international border is contributing to the state's air
pollution. Doerge is not optimistic that border conditions
will improve soon.

"Too many poor people are burning anything for fuel to
keep warm," he explains. The lack of environmental controls
also contributes to the problem.

The lack of water in Arizona aggravates the problems of
water pollution, because less water means less dilution of

pollutants, Doerge explains. One proposal to increase in-
stream flow requirements calls for using effluent or treated
water. However, cost estimates of an upgrade of a major
sewage treatment plant in Phoenix to produce a higher
caliber of treated water could total $4 to $5 billion.

Again, Doerge asks, "Who's going to pay for it ?"
Jurisdictional restraints also hamper the state's efforts to

comply with some water quality standards, the department
says. Nogales and Naco, as well as Indian reservations, can-
not be consistently monitored and adequately supervised.
Ground water contamination in urban areas also leads the
pollution list. As urbanization increases, solvents and
industrialized pollutants such as gasoline and TCE threaten
Arizona's ground water supply, according to DEQ. On a
positive note, they report that pesticide contamination in
groundwater is small compared to other pollutants.

The largest source of water contamination is sediment,
which is not toxic. But, Doerge says sediment or soil can
disrupt and clog a stream or disrupt reservoir functioning.
Produced by construction, grazing, forestry and the lack of
vegetative cover to protect the soil - this combination of
water runoff and soil erosion is difficult to control.

Contact Doerge at the Department of Soil and Water Science, 424
Shantz, University of Arizona, Tucson, AZ 85721, or call (602)
621 -1138.
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even when it's over -used. On the other
hand, unused nitrogen fertilizer can
leach down into the soil and possibly
into the water table. Large amounts of
nitrates in drinking water can pose a
health threat, because they interfere
with the body's ability to carry oxygen,
especially for infants younger than 6
months old.

Soil testing for nitrogen levels starts
before the crop season even begins.
Once seedlings are developed, growers
initiate a season -long plant tissue -
sampling program, using stems, or
petioles, to determine the plant's nitro-
gen supply. Growers can add nitrogen
fertilizer when it is needed, even before
the plants show any visual symptoms
of nitrogen deficiency.

Fertilizers are not the only source of
nitrates in the water, says Larry Stevens,
of the Department of Environmental
Quality in Phoenix. In some cases, the
nitrates come from mineral rock - some
wells are going to have high nitrogen
content just because of the geologic strata
they're in. So nitrogen exists naturally
in the water, although most wells and

cE

Arizona cotton harvest.

surface flows have very low amounts.
Nitrogen is also a part of soil organic

matter. It includes plant residues, such
as cotton stalks that were shredded and

plowed under from the previous har-
vest. Sources of more typically high nit-
rogen levels include wastewater
effluent, crop residues, green ground
covers or legumes, septic tanks and
compost.

"The general strategy we like to fol-
low is to use up any soil nitrogen that is
present," Doerge says. "As the crop
uses up the residual nitrogen in the soil,
we recommend applying fertilizer."

When growers use nitrogen fertiliz-
ers based on plant needs, they reduce
the likelihood that excess nitrate will
find its way into drinking water. They
also save money.

"When they're managing effectively
environmentally, they're managing
economically as well ", says Doerge.

Through their adoption of BMPs,
farmers can actively working to protect
the environment, while maintaining
their place among the world's most
productive farmers.

Contact Doerge at the Department of Soil
and Water Science, 424 Shantz, University of
Arizona, Tucson, AZ 85721, or call (602)
621 -1138.
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Some Surprising Movements
By Maggy Zanger

Ateam of University of
Arizona scientists were
surprised. Chemicals
applied to crops move in
soil further than they orig-

inally expected; the possibility of con-
taminated underground water sources
could be greater than they had be-
lieved. Since farmers still need to apply
herbicides and fungicides to grow
crops, another look at the way they
manage those applications is vital.

Jack Watson, a Cooperative Extension
water quality specialist, Art Warrick, a
soil physicist, and Jon Chernicky, a
weed scientist, recently completed
research on the problem at the UA
Maricopa Agricultural Center. Their
work focused on one question: Can
growers manage their crops so as to re-
duce the likelihood of chemicals mov-
ing out of the plant's root zone?

"If we can do that, we will have gone

a long way towards solving the problem
of ground water contamination by her-
bicides," Watson says.

To their surprise, the scientists found
that when the herbicide they tested is
applied to wet soil, it sometimes
traveled deeper that when it was
applied to dry soil. And, when the
chemical is applied to dry soil in irriga-
tion water, higher concentrations of the
herbicide remained in the root zone.

Farmers want herbicides to stay in
the root zone so they will be more effec-
tive. At the same time, herbicides that
remain near the surface are obviously
less of a threat to an underground water
source. Herbicides degrade with time,
so the more slowly they travel down
from the root zone, the safer they are
presumed to be.

The UA researchers speculated the
timing of irrigation and the way herbicide
was applied might have something to
do with the distance into the soil the

chemical would travel. So they traced
the distance water and an herbicide
soaked into soil under three different
herbicide application methods. They
used the popular herbicide prometryn,
blue dye to track its flow in the soil, and
potassium bromide, a harmless chemi-
cal that moved with the water.

These three chemicals were applied
in three different ways.

1. The herbicide, dye and potassium
bromide were mixed into the irrigation
and applied onto dry soil with a four -
inch irrigation.

2. The soil was first irrigated with
four inches of water, followed by four
more inches of water containing the
three chemicals were applied.

3. Using the conventional method of
herbicide application, the prometryn,
was sprayed onto a dry soil, roto -tilled
into the soil and then irrigated with four
inches of water containing the dye and
bromide.
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With each type of treatment, the irri-
gation water moved more deeply into
the soil than did the herbicide. With all
three treatments, the herbicide stayed
up in the root zone a good deal, Watson
says. However, the treatment onto wet
soil ended up sending the potassium
and the herbicide deeper in some
instances.

"We had expected that having the
soil initially wet would give us better
control of the chemical. It turned out
that was not always the case," Watson
says. But, if the soil is initially dry when
the herbicide is applied through irriga-
tion, the chemical remains nearer the
surface.

When applied with irrigation onto
dry soil, the prometryn traveled from
six to nine inches deep. When applied
by irrigation onto wet soil, the promet-
ryn traveled as little as six inches, but as
far as 14 inches. Applied conventionally
on dry soil, it traveled an average of 12
inches. What do these facts mean to
growers, and the way they manage
their crops?

"If you go to chemigation, you have
to be careful about the soil conditions,"
Watson says. "You could be worse off
than you would be otherwise. It can go
as much as 50 percent deeper if the soil
is initially wet. But if the soil is initially
dry, it appears that using chemigation
you can do at least as good a job, or bet -
ter job, of controlling the depth of
movement." Mixing chemicals into the
irrigation water saves time and energy
and prevents soil compaction because a
tractor is not driven over the field
another time.

The water -applied herbicide left
higher concentrations of the chemical in
the root zone than in the conventionally
applied roto -tilled herbicide, Chernicky
says. He assumes the herbicide is more
effective - because it appears in greater
concentrations - when applied with
water. The experiment, however, did
not include weed studies to determine
if this greater concentration resulted in
more effective use of the herbicide.
Perhaps the application rate of chemical
herbicides can be cut back by as much

Jack Watson

"For whatever reason,
the water moved more
deeply in some areas

than others:'

as a third with the same effectiveness.
Chernicky plans to study this possibility
further because such a decrease could
greatly reduce costs for the grower
while better protecting ground water.

The researchers also were surprised
at the variation in the concentration of
the herbicide when conventionally
applied to dry soil. Even though the
sprayer they used was highly calibrated
to apply the chemical evenly, the con-
centration of the chemical varied con-
siderably.

"For whatever reason, the water
moved more deeply in some areas than
others," Watson says. Since the soil was
tested in three inch -wide vertical col-
umns, he did not expect to find so much
variation in such a short distance. This
uneven flow is called a preferential flow
event. The team will next concentrate
on researching how and why this un-
even dispersion happens. Does it hap-
pen consistently throughout the season
or is it a one -time event? If it is consis-
tent through the season, is it a random
event or does it happen in some type of
predictable manner?

If the preferential flow is not random,
then perhaps there is an element causing
it that scientists have not yet considered.
If random, then it raises other questions
about how.it might be controlled with
management practices.

Contact Watson and Chernicky at the
Maricopa Agricultural Center, 37860 N.
Smith -Enke Rd, Maricopa, AZ 85239, or
call (602) 568 -2273. Contact Warrick at the
Department of Soil and Water Science, 521
Shantz, University of Arizona, Tucson, AZ
85721, or call (602) 621 -1516.

UA scientists followed herbicide and water movement through soil. The black
circles show where soil samples were taken.



Wilderness Law and Arizona Ranchers
By Suzanne McCormick and Lorraine Kingdon

Nature at its most
untouched - pristine -
untraveled. This is the
way most people would
define a wilderness area.

But from the very earliest such official
designation in 1924, miners and ranchers
could legally continue to use the
wilderness.

"Grazing livestock in wilderness
areas is legal, and it always has been,"
says Mitchel P. McClaran, an assistant
professor of range management in the
School of Renewable Natural Resources.
His research followed the legal history
concerning livestock in wilderness, and
he studied the effects of wilderness
legislation on ranchers' use of their
grazing allotments.

Livestock grazing continues after
areas are declared a wilderness. How-
ever, ranchers may experience less
flexibility in their operations or face an
increase in operating costs. The opera-
tion of more than 100 ranches is affected
by all wilderness- designated areas in
Arizona, McClaran estimates.

The first wilderness was established
in 1924 by the U.S. Forest Service to pro-
tect 500,000 acres at the headwaters of
the Gila River in New Mexico. It was the
only agency to designate wilderness -a
decision it made, not Congress. Permitted
uses included grazing livestock, con-
structing primitive cabins for recreational
use and making water developments.
Only commercial timber harvesting and
road building were prohibited, McClaran
said in an environmental law review
and forecast of livestock in wilderness
for the Northwestern School of Law of
Lewis and Clark College, in Portland,
Ore.

Until 1964, the Forest Service was the
only federal agency in wilderness areas.
A rift was developing between congres-
sional sentiment - caused by public
discontent - and Forest Service
policies.

"Under Forest Service discretion,
wilderness designation was considered
insufficient in extent, insecure in per-
manence, and too permissive in allow-
ing nonconforming uses," McClaran
says. "Livestock grazing is one such
nonconforming use originally permit-
ted by the Forest Service and continued
under congressional authority, presum-
ably to stave off potentially significant
opposition to the Wilderness Act and

Mitchel P. McClaran stands near the boundary of the Peloncillo Mountains
Wilderness, on the border of Graham and Greenlee counties in Arizona.

designation of wilderness areas."
Finally, in 1964, Congress directed

the Forestry Service, Park Service, and
Fish and Wildlife Service to manage wil-
derness areas designated by Congress
with passage of the Wilderness Act.

McClaran's examination of policy
statements between 1966 and 1976
shows that the Forest Service planned
to grandfather the presence of live-
stock, but not necessarily the associated
structures, facilities and motorized
equipment use.

Complaints about Forest Service
management increased drastically,
particularly from the livestock industry.
Local administrators were inconsistent:
some wanted to eliminate barbed wire
fences; some wanted ranchers to remove
small cabins or maintenance sheds;
some made it difficult to take care of

water improvements, such as tanks.
Ranchers wanted a more benign
interpretation of the laws; other groups
protested for other reasons. What
McClaran calls the "extreme zeal to
create wilderness" has resulted in politics
more often determining wilderness
boundaries and acreage, rather than
necessity.

Congress listened and compromised.
In 1980, Congress changed their usual
approach of allowing federal agencies
to make specific guidelines to enforce
laws. In wilderness legislation, Congress
laid down very specific regulations,
particularly concerning grazing
livestock.

"In prescribing exact guidelines for
managing cattle in wilderness areas,
Congress took discretionary powers
away from local administrators,"
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"Grazing livestock in
wilderness areas is legal,
and it always has been."

McClaran says. The law specified that
wilderness designations could not be
used as criteria to reduce grazing animal
numbers and said that such numbers
could be increased.

"In essence these guidelines grand -
fathered, indefinitely, nearly all grazing
practices, structures, facilities and
motorized equipment use in existence
at the time of wilderness designation,"
McClaran says.

In 1990, the Arizona legislature passed
a state BLM wilderness bill designating
more than 1 million acres - prohibiting
mining, road construction, timber cut-
ting and motorized access on the land.
But the bill continued the tradition of re-
stating grazing guidelines in wilderness
legislation when livestock use already
existed.

"The extent and intensity of livestock
grazing on BLM lands are equal to or
greater than on Forest Service lands,"
McClaran says. He predicts that BLM -
designated wilderness areas will increase
greatly to more than 10 million acres. In
1988, the Forest Service administered
more than 32 million acres of wilderness.

Ranchers face limits on the way they
manage cattle grazing in wilderness
areas. McClaran took a systematic look
at the effects on ranchers with allotments
in the Tonto National Forest in Central
Arizona and the Coronado National
Forest in Graham County. In an article

Michael Stoklos
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published in the "Journal of Range
Management," he compared ranches
with wilderness grazing allotments
with ranches with similar types of allot-
ments on non - wilderness areas from
1964 to 1984.

In his analysis of Forest Service be-
havior, McClaran found that wilderness
designation was not followed by reduc-
tions in permitted livestock use by live-
stock. "Instead there was a slight increase
in stocking in wilderness relative to
non -wilderness allotments," he says.
This demonstrates a lack of bias against
livestock use on the part of the agency.

He compared the actual use of allot-
ments by ranchers with the stocking

rate allowed by the Forest Service and
discovered no difference.

"Changes in permitted cattle numbers
and in rancher willingness to use their
full stocking opportunities appear to be
independent of the proportion of an
allotment in the wilderness, or the allot-
ment size and location," McClaran says.

The one significant difference he
found related to turnover in ownership
of the permit allowing the rancher to
graze livestock on these allotments.

"The average permit for allotments
with some wilderness had at least one
ownership change from 1965 to 1984,"
McClaran says. In the Tonto National
Forest, 5 out of 12 permits changed

hands two or more times. In the
Coronado National Forest 5 of 8 permits
have had a similar level of change.

"There is evidence that the expecta-
tions of newer owners may not always
be met," McClaran concludes. "This
suggests that the expectation of ranchers
with some amount of wilderness in
their allotment may not be reached,
but because there has always been a
rancher willing to purchase these allot-
ments, livestock grazing in the wilder-
ness has continued."

Contact McClaran at Range Management,
School of Renewable Natural Resources, 112
Bio Sciences East, University of Arizona,
Tucson, AZ 85721, or call (602) 621 -1673.

George Ruyle

OVERVIEW

Arizona's
Rangelands
By George Ruyle

Arizona is a land of wide topographic variety,
largely dominated by rangeland, which makes
up approximately 85 percent of the land area.
Rangeland is a kind of land, not a definition of a
particular use. These vast areas are primarily

grasslands, shrublands, woodlands, open forests and some
deserts.

Vegetation and soil types are as diverse as the complex
land ownership patterns. The wide variety of environmental
conditions, roughly expressed as interactions between ele-
vation and precipitation, result in innumerable combina-
tions of plant species and of the animals that depend on the
plants.

In a general sense, the lower- elevation areas of the state
usually get less than 10 inches of annual rainfall and support
desert scrub -type vegetation. As elevation increases, with
higher precipitation and cooler temperatures, the amount of
effective moisture also increases. The vegetation changes
successively to grassland, woodland and forest - providing
wildlife habitat, forage for grazing animals, a source of water
and watershed, recreational opportunities, and simply,
open space.

In a more global view, rangelands are critical as human
habitat, and they serve as an environmental buffer.

The majority of Arizona rangelands are not privately
owned. To begin with, only about 18 percent of Arizona land
is held by individuals or corporations. The state owns 13
percent of the land; Native American tribes own 26 percent;
and the federal government owns the remaining 43 percent.
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The percentage )f privately owned rangeland is even smaller
since much of the private land is urban or farmland.

This pattern of ownership requires considerable coordina-
tion and cooperation among owners to properly manage
rangeland resources.

The management of publicly held natural resources in-
creasingly has come under the influence of federal and state
legislation and under the scrutiny of special interest groups
and the interested public. Federal land management agencies
are required to seek public input before acting on resource
management plans. In Arizona, citizen's groups are actively
taking part in the public land management arena, and they
represent a wide variety of viewpoints.

Perhaps the most recognizable use of rangelands is as an
important source of livestock forage. Range livestock
production in Arizona originated with the 16th Century
Spanish explorations; it continues today as one of the most
widespread uses of the state's rangeland. In fact, cattle
production is the single most important agricultural
commodity in the state, in terms of cash receipts.

Historically, Arizona's rangelands were grazed by live-
stock as an un- managed commons. Such uncontrolled use
was later regulated as a system of grazing allotments under a
permit system. Today, public and state grazing permits and
leases account for more than 85 percent of the grazed areas of
the state.

The disturbance to rangelands caused by unrestricted
livestock grazing has largely been reduced through applying
ecologically sound management practices. Environmental
standards for livestock grazing are increasingly being
developed and applied to ensure that these lands continue
to meet growing demands for wildlife habitat, water
production and recreational opportunities - in concert with
producing food and fiber.

People have always had differences of opinions about
publicly held resources. However, if Arizona rangelands are
going to meet the diverse needs of the state, an improved
understanding of ecological processes must be applied
through appropriate management practices. Federal and
state policy, market forces and public input will ultimately
determine the mix of resource uses.

Ruyle is an associate research scientist in range management at
the University of Arizona. Contact him at the School of Renewable
Natural Resources, 301 B BioSciences East, University of Arizona,
Tucson, AZ 85721, or call (602) 621 -1384.



New Plants to Clean Up the Environment
By Jan McCoy

Genetically engineered
plants may someday help
clean up PCB- contami-
nated environments in a
way humans cannot -by

metabolizing the toxic compounds.
After polychlorinated biphenyls

(PCBs) were introduced in the 1930s,
the compounds found wide use in in-
dustry because of their ability to transfer
heat. In time, PCBs were manufactured
and used worldwide in electrical trans-
formers and capacitators, paints, hydrau-
lic systems and even in carbonless
paper. But as the use of PCBs increased,
so did the number of contamination
incidents. Accidents and improper
disposal methods caused the compounds
to turn up in: cooking oil in Japan; New
York's Hudson River; grain silos in the
Midwest; packaged foods in Norway,
Sweden and the United States; and
fertilizers in Indiana. Although PCBs
are no longer produced in most parts
of the world, nearly a half century of
use left behind a global problem.

PCBs are a class of chemicals charac-
terized by two attached ring structures
containing varying numbers of chlorine
molecules. These compounds are
stable and non -biodegradable, making
them difficult to remove from the
environment. PCBs accumulate in the
fatty tissue of humans and other ani-
mals, most of which are unable to
eliminate the compounds from their
systems, causing a variety of toxicol-
ogical problems including liver
tumors, miscarriages, and skin and
testicular problems.

Current environmental treatment
methods are limited to containing the
contaminants in order to prevent
them from further spreading into soil
and water. Although scientists con-
tinue to explore biological remediation
techniques (such as using bacteria that
metabolize PCBs), federal guidelines
and public concerns restrict the release
of such genetically altered organisms
into the environment.

Don P. Bourque, a University of
Arizona associate professor of
biochemistry, says he's working on a
possible answer to the PCB dilemma.
Bourque and his research team have
developed a method to genetically
alter plants to metabolize PCBs.

"We also can engineer these plants to
be male sterile," Bourque says. "They

Don P. Bourque monitors the growth of transformed plants.

The generic structure of PCBs. There are 209 possible structures with different numbers
of chlorine (x and y) in each ring of the parent compound, biphenyl.

won't reproduce and spread all over the
place. The impediment of restricting
field -use of genetically engineered
organisms based on the assumption
they may not be containable doesn't
exist in this case."

The project began more than four
years ago as a collaboration with James
Halpert, a UA associate professor of
pharmacology and toxicology in the UA
College of Pharmacy. Halpert studies
how drugs are metabolized by a class of
enzymes called cytochrome P450s.
Enzymes are proteins capable of induc-
ing chemical changes in other substances
without being changed themselves.
Cytochrome P450s are known to chemi-
cally modify drugs and chemical pollu-
tants, including PCBs.

Research has shown that some animals
are able to metabolize PCBs and elimi-
nate them from their bodies. At the time

Bourque and Halpert began working to-
gether, Halpert had just identified the
cytochrome P450 responsible for PCB
metabolism, which he named PBD -2.
Bourque offered to work with Halpert
to isolate PBD -2's genetic information.

"Our ultimate goal was to learn how
the protein (PBD -2) works to metabolize
PCBs and to understand how the gene
coding for the protein might be turned
on in the presence of PCBs," Bourque
says.

The DNA that codes for the protein
was isolated with the help of postdoc-
toral fellow Penny Graves, and a paper
on the work was published in 1990.
Halfway through the isolation process,
Bourque, a plant molecular biologist,
began to wonder how the work could
be applied to plants.

"The idea I came up with fairly
quickly was, 'what if plants had this
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PCB HISTORY

PRODUCTION RELEASE INCIDENTS

U.S. Begins Production

1930

Monsanto Explosion
1950

Most of Europe and Japan

Begin Production
Yusho

1970
Hudson River /Great Lakes

Silo Contamination - Midwest
Japan Ends Production

Packaged Foods - Norway,
Sweden, U.S.

Fertilizers - Indiana

U.S. Ends Production

Yu -Cheng

1980

Most of Western Europe Ends
30+ Capacitor /Transformer

Production
Accidents

Estimated Environmental Load
>230 THOUSAND METRIC TONS

E. European Production ? Accidental Production = 50 Tons

1990

A brief history of PCB production and the major incidents of
PCB releases into the environment.

Transformed plants containing the PBD -2 gene represent different ages and isolates.

gene and could metabolize PCBs ? "'
Bourque says. "Perhaps we could im-
prove the environment by developing
genetically, engineered plants that break
down toxic compounds into nontoxic
materials? I think this is a novel and
viable concept."

Bourque and graduate student Dan
Wall collaborated with UA plant scientist
David Galbraith to use Agrobacterium
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tumefaciens, a soil bacteria, to transfer
the PBD -2 gene into tobacco plants.
In nature, Agrobacterium transfers a
segment of its DNA into plant cells,
causing the plant to grow a tumor. By
eliminating its tumor -causing proper-
ties, scientists created a versatile vector
able to transfer foreign genes into many
types of plants.

The work went quickly. Preliminary

"This is only the tip of
the iceberg!'

results indicated the probability was
high that the gene could be put in
plants and that the plant would pro-
duce the protein.

"We went ahead, easily obtaining
undifferentiated masses of transformed
plant cells. We regenerated them into
new plants and found that the leaves of
these new plants also produced the pro-
tein. We proved the gene was there and
that it functioned in the transformed
plants."

One more step was needed for the
team to show the potential for practical
application of the technology. In
November 1991, Bourque got the data
he needed. Using an assay that uses a
steroid in place of PCBs, Bourque and
Wall proved the protein is active in
plants and able to metabolize the
steroid. Typically, cytochrome P450s
react with steroids, so steroids can be
used as a diagnostic substrate for the
PBD -2 protein.

"PCBs are nasty and difficult chemi-
cals to work with," Bourque explains.
"The steroid substrate was our first
choice because it was simple to use.
We're now in the process of working
with PCBs to see whether the protein
metabolizes PCBs as well as the steroid
substrate."

Bourque also is trying to transfer the
PBD -2 gene into Dunaliella algae in
hope of engineering marine organisms
able to metabolize water pollutants.
Dunaliella was chosen because of its
many species and tolerance to salt and
polluted water.

Using well- chosen cytochrome P450s
to metabolize specific chemical pollut-
ants holds a multitude of commercial
possibilities, Bourque says. He's now
hoping to begin working with two dif-
ferent cytochrome P450s known to
metabolize herbicides.

"Consider this," he says, "what if you
could plant a crop containing this kind
of gene, use herbicides at the beginning
of the season and know the enzyme
would detoxify the field and even the
crop by harvest ?"

"This is only the tip of the iceberg.
We've only chosen a couple of com-
pounds to work with, but we have
reason to believe this approach will be
applicable to many kinds of pollutants
that need to be dealt with in our envi-
ronment."

Contact Bourque at the Department of
Biochemistry, 537A Bio Sciences West,
University of Arizona, Tucson, AZ 85721,
or call (602) 621 -7529.



Aspergillus flavus fungus spores produce
aflatoxin.

Control
That Fungus!
By Jan McCoy

Natural toxins in foods and
animal feed present yet
another potential health
hazard to humans.
University of Arizona

scientists are looking at pre -harvest and
post -harvest methods of ridding crops
and food of the naturally produced
carcinogen, aflatoxin.

Aflatoxins are produced by the
Aspergillus flavus fungus, which infects
oil seeds such as cottonseed, corn, tree
nuts and peanuts. Human exposure to
aflatoxins can result from either direct

Iraj Misaghi weighs a cottonseed sample.

consumption of the contaminated
product or consumption of foods from
animals fed contaminated feed. In
Arizona, dairy cattle are fed cottonseed
meal, so both milk and cottonseed are
tested routinely.

Iraj Misaghi, an associate professor of
plant pathology, is working with harm-
less bacteria that prevent Aspergillus
flavus from growing in cottonseed.
Misaghi isolated several hundred bac-
teria that inhabit Arizona cotton fields
and found a dozen that stop the growth
of the aflatoxin -releasing fungus.

Supported by U.S. Department of
Agriculture, preliminary field work

done last summer shows the bacteria
are able to arrest fungus growth.

"The neat thing about our system is
that it is environmentally sound,"
Misaghi says. "We use beneficial micro-
organisms to go after pathogenic ones
rather than using chemical control.
These are the bugs that already exist in
the field; we are not using genetically
engineered bacteria."

The reason bacteria now in the
fields are unable to prevent fungus
growth, Misaghi says, is probably due
to their low levels and uneven distri-
bution. "Maybe if we increase the
numbers and distribute them more
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evenly we can protect the crop," he
says.

But until aflatoxin contamination can
be prevented, safe and effective decon-
tamination procedures must be available,
says Douglas L. Park, an associate
professor of nutrition and food science
and head of the Mycotoxin Research
Program.

One decontamination measure in-
volves treating contaminated products
with ammonia under high pressure and
high temperatures. This approach, Park
says, is the most promising one. The

U.S. Food and Drug Administration
has withheld approval of ammoniation
as a detoxification procedure due to the
lack of information about the toxicity
and cancer potential of ammoniation
byproducts.

Since then, a number of studies have
provided new information, several of
which were Park's. When 20 years of re-
search on detoxification and biological
testing of the process are viewed as a
whole, he says, the safety and efficacy
of ammoniation are amply supported.

The process now is permitted only in

certain areas and only for use in animal
feed. California, Arizona and Texas
allow ammoniation for treating cotton-
seed, and Texas, Alabama, Georgia and
North Carolina use it for corn. Outside
the United States, Mexico and South
Africa permit ammoniation for corn,
and France, Senegal, Sudan and Brazil
use it for peanuts.

Park recently began a study for the
Mexican Compania Nacional de Subsis-
tencias Populares (CONASUPO) - the
Mexican department of agriculture - to
determine whether the ammoniation

Food Safety Concerns
By Lorraine Kingdon

In survey after survey, people stress that food safety is a
major concern. Many share a belief that they're being
poisoned; often people blame the food industry as
contributing to their lack of health. A common miscon-
ception is that the diet- cancer relationship is due entirely

to carcinogens in our food supply.
"People have a chemophobia about our food supply,"

says Ralph Price, an associate professor in the University of
Arizona Department of Nutrition and Food Science. "They
typically respond in one of two ways. Either people 'go
natural' or give up and eat anything because they believe
'everything makes you sick.' Both responses concern food
scientists.

"We're trying to promote food safety and a varied diet that
contains high- nutrient foods," Price says. He believes food
scientists would answer the same surveys about food safety
entirely differently from people who are concerned about
their diet but are not nutrition- educated.

"Pathogenic microbes - disease- causing organisms - are
the No. 1 danger in the food supply," Price says. "And lay
people don't even mention this problem. Also, people need
to know that natural toxicants exist in products such as teas.
'Natural' is not necessarily safe."

The growth in "health- food" products has led to using
exotic and potentially dangerous herbal substances in diets.
Poisonings are becoming more frequent, according to the
American Association of Poison Control Centers. Naturally
occurring food -borne toxins can act as neurotoxins, im-
munotoxins and teratogens inducing birth defects.

Toxic substances in foods also can form during cooking
or other processing, but additives themselves are rarely to
blame. Heterocyclic amines sometimes produced during
cooking meat at high temperature are among the most
potent mutagens ever described. Proteins and carbohy-
drates can react during baking to form mutagenic brown-
ing products. Storing agricultural commodities can result
in mutagenic lipid oxidation by- products.

"It's prudent to assume that the epidemiologic associa-
tions between diet and cancer are due, in part, to initiation
of the cancer process by these - and other - food -related
carcinogens," Price says. About 35 percent of the variation
in cancer rates among individuals and populations in the
United States is related to the diet. By comparison, genetic
predisposition, industrial pollution and food additives
play only minor roles in human cancer rates.

"Increasing the consumption of chemoprotective
agents - such as fruits and vegetables - greatly appeals as

OVERVIEW

Ralph Price examines some of the processed foods that play a
large part in today's diets.

a way to reduce the rate of cancer," Price says. Scientists
also are interested in the role that dietary supplements or
modern molecular genetics can play, but these need to be
evaluated carefully before they can be recommended.
Designer foods for maximum chemopreventive safety are
already being tested in human trials.

"The U.S. food supply is one of the safest in the world,"
Price says. "Our life spans have increased partly because
we have better food, but still the battle to keep improving
our diet goes on."

Contact Price at the Department of Nutrition and Food
Science, 332 Shantz, University of Arizona, Tucson, AZ 85721,
or call (602) 621 -1728.



process can make aflatoxin- contami-
nated corn suitable for human con-
sumption.

"Because Mexico has high amounts
of aflatoxin contamination, government
officials realized they had to do some-
thing," Park says. "Additionally, a large
amount of their corn product goes into
the human food supply (tortillas),
meaning their citizens could be exposed
to undue levels of aflatoxin."

The Mexican government asked Park
and a Casa Grande, Ariz. company for
help. Portable ammoniation units
owned by the company were sent to
Mexico and have treated a substantial
amount of corn.

Park's research for the government
involves adding radio- labeled aflatoxin
B1 to a sample of contaminated corn
and then treating the sample with the
ammonia. The ammonia -treated prod-
uct is then chemically treated to isolate
and separate aflatoxin- ammonia reac-
tion products. The radio -label is used to
identify the byproducts and determine
their movement and toxicity. Individual
isolates are tested for mutagenic and
toxic potentials. The samples also are
tested for remaining aflatoxins.

In addition to safety, the samples also
are tested for decontamination efficiency.

C/3

"We'll take one of our untreated
samples that contains safe levels of
aflatoxin, and a decontaminated sample,
use them to make tortillas and do the
isolation and separation to see if the
process of making tortillas affects the
safety of the decontamination process,"
Park says. "Then we'll take a portion of
the sample put it in an acid environ-
ment that mimics our stomachs to see if
the aflatoxin stays inactivated."

Park says the Mexican government
eventually hopes to use treated corn for
human consumption, which would
make the country the first in the world
to do so. This research is a joint effort
between the UA, CONASUPO and the

Douglas L. Park uses a sample oxidizer to
recover C- 14- labeled aflatoxin from animal tissues.

Separator funnels move compounds from
one chemical solvent to another.

Central University of Venezuela.
Park also works on the prevention of

aflatoxin contamination. He and re-
search specialist Sam Rua Jr. recently
began another aflatoxin research project
aimed at identifying factors that might
contribute to the growth of Aspergillus
flavus and aflatoxin formation in cotton
fields and during storage of harvested
cottonseed. Using the UA College of
Agriculture's AZMET meteorological
network, the team will monitor factors
such as humidity, temperature and
wind in cotton fields in four Arizona
locations: in Yuma, Buckeye, Casa
Grande and Safford. By following cotton-
seed production from planting through

storage, Park and Rua hope to find
factors that cause aflatoxin formation in
fields and ways to change them. The
project is a joint operation between the
UA and the USDA.

Although natural toxins in the environ-
ment pose serious health risks, Park, a
food safety expert, is assured that "in the
United States, we have the safest food
supply in the world, by far."

Contact Misaghi in the Department of
Plant Pathology, 115 Forbes, University of
Arizona, Tucson, AZ 85721, or call (602)
621 -7156. Contact Park in the Department of
Nutrition and Food Science, 421 Shantz,
University of Arizona, Tucson, AZ 85721, or
call (602) 621 -5107.
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The
Border
Coalition
By Maggy Zanger

The Santa Cruz River provides
scenic views, recreation
areas and water for resi-
dents, farms and ranches
from Nogales to Tucson. The

river also is a focal point for emerging
binational environmental coalitions.

In 1990, the University of Arizona
Cooperative Extension Partners in Natural
Resources Policy program set out to
involve local people in public policy
debates concerning natural resource
issues. They facilitated organizing these
coalitions.

"What we've tried to do is get to the
grass roots with real people to help
them understand their role in the public
policy debate," says Nancy S. Huber,

of and assistant
director for Cooperative Extension
community leadership and resource
development. She works with George
Ruyle, an Extension range management
specialist and range research scientist
with the School of Renewable Natural
Resources. The project is funded by a
three -year grant from the Kellogg
Foundation in cooperation with the
Farm Foundation.

Since 1990, three coalitions have
emerged in Santa Cruz County to
address environmental issues.
"Friends of the Santa Cruz River" seek
to raise public awareness about pollu-
tion and protection of the binational
river. The "2000 by 2000 Foundation,"
was organized in Nogales, Ariz. to
promote planting trees. And, a coalition
is planning a binational conference on
the environment, on health and on the
role of the media.

The Partners project sought initially
to get Santa Cruz residents to identify
natural resource issues they were con-
cerned with. Partners next tried to
raise awareness of those issues and
provide basic information and support
to people and groups organizing edu-
cational programs to address the issues.

"And then we gave it all away,"
Huber says. "The people have taken it
from there. We all know that people in
Washington are making decisions and
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It became clear that the
Santa Cruz River Basin

incorporated all the
areas of environmental

concern.

trying to decide how much money to
throw at this border area, and that's all
well and good. But when you drink
the water and get hepatitis, it doesn't
make any difference. When your ox
gets gored, you want to get involved."

Involvement is exactly what hap-
pened. The purpose of the grant
money was to assist in building coali-
tions to influence public policy.

"Our proposal went to the grass
roots," Huber says. "Instead of going
out and telling people what the issues
were, we began with a survey in Santa
Cruz County asking people what their
natural resource issues were."

A bilingual telephone survey of 426

Ann Helmericks

Santa Cruz County residents revealed
they were concerned with water avail-
ability and quality, and with public land
management. Responses varied, de-
pending on the areas in which people
lived. Rural residents in Patagonia,
Sonoita and Elgin were more concerned
with land use. Urban residents in
Nogales and Rio Rico were more con-
cerned with pollution and water avail-
ability.

"Once concerns were identified, we
worked with the community to plan to
help people become more aware about
local issues," Huber says. It became
clear that the Santa Cruz River basin in-
corporated all the areas of environmen-
tal concern. Originating in Sonoita,
Ariz., the Santa Cruz crosses the border
into Mexico near Lochiel, Ariz. It turns
northwest into Nogales, Sonora and
Nogales, Ariz. - passes through a
wastewater treatment plant - flows
north through Tubac and Tucson -
and eventually into the Gila River.

Some participants in river walking
tours later organized a coalition called



Richard Harris

"The Friends of the Santa Cruz," says
Richard Harris, Santa Cruz County
Extension director. Friends focus on
advocacy and raising public awareness
of illegal trash -dumping along the river
and of the flow of raw sewage into the
river. The organization works to en-
courage the protection of riparian and
wetland habitats along the river.

"Everything depends on
the river, much more
than people realize:'

Closely tied to the efforts of the
Friends, Harris and Ruyle are develop-
ing an atlas of the Santa Cruz River
which will detail the social, cultural,
and geographical history of the river.
Harris says they hope to have the atlas
printed in the spring of 1992. The publi-
cation can be used by organizations like
the Friends to increase awareness by
providing vital factual information
about the importance of the river.

"Everything depends on the river,"
Harris says. "Much more than people
realize."

"The 2000 by 2000 Foundation" also
emerged from the river walks and other
Partners events, says Harris, a found-
ing member who also gives technical in-
formation to the non -profit group.
Working with Nogales High School sci-
ence classes and clubs, the foundation
is starting a tree nursery which will
propagate, grow and sell low -cost, low -
water -use trees to the public.

Following the river walks, the Partners
co- sponsored the Nogales Forum on
the Santa Cruz River with the Udall
Center for Studies in Public Policy.

"This was an opportunity to provide
factual, research -based information and
to talk about how to build strategies to
participate in the public policy debate
about natural resource issues," Huber
says.

At the Forum, panels of researchers,
health officials and local government

Nancy S. Huber

officials discussed water quality and
quantity, waste management and
water -related health issues. The panels
were followed by small-group discus-
sions with the audience about what
could be done to involve the community
in public policy decisions regarding
these issues. Simultaneous translation
was provided in English and Spanish.

"It became very clear that these are
binational issues, not just Santa Cruz
County or Arizona issues," Huber says.
"After all, the water does not know
which side of the border it's on."

The Partners project had not en-
visioned a binational component, but it
was clear their work was going in that
direction. It also became clear that
health in relation to water qualify was
a great concern on both sides of the
border. Earlier in the year, headlines
across the U.S. told of toxic con-
tamination in ground water from
maquiladora plants in Mexico, and of
polio and hepatitis viruses from un-
treated sewage found in the Nogales
Wash, feeding into the Santa Cruz
River. Suddenly, the river also became
a focal point of health concerns.

A binational coalition is now plan-
ning an educational workshop on the
border environment, on health and on
the role of the media. The planners in-
clude participants in the Forum and the
river walks, as well as a committee from
the 1990 Primary Health Care Review,
says Janet Paz, a UA Extension agent in
Nogales. The health care review assessed
the health needs of border residents
and found that environment- related
health issues were of concern on both
sides of the border.

The second binational workshop on
the topic of health and the environment
is scheduled for March 1992. But unlike
last year's Partners forum in Nogales,
the 1992 workshop is being planned
and organized by community people
and organizations. Their interest was
largely attracted through the efforts of
the Partners events and by members of
the health review's environmental com-
mittee.

"We did the first forum," Huber says.
"They're doing the second one, which
is beautiful. What we did was provide a
model of what could happen, and they
are taking it from there." The Partners
project is providing support this year,
as is the Udall Center, the Rural Health
Office of Family and Community
Medicine, and Colegio de La Frontera
Norte in Nogales, Sonora.

The successes of the Partners efforts in
Santa Cruz County were reported in the
media. As a result, they were contacted
by the SouthEastern Arizona Govern-
ments Organization, a group of area
city and county governments. Partners
was asked to develop plans to bring the
project to other counties in the area.

Huber says this invitation is another
unexpected outcome of their work. In
building coalitions, they had eri-
visioned linking organizations, agen-
cies, and individuals. They had not con-
sidered that local governments would
be interested in becoming a partner in
their efforts.

"So it's beginning to spread," she
says. Partners is now revising the
survey on environmental issues of
concern and planning forums for
Graham, Greenlee and Cochise Coun-
ties. She hopes that -as happened in
Santa Cruz County -local people will
step in and take over where Partners
leaves off, nurturing coalitions to
involve residents in the public policy
debate on natural resources issues.

In these rural counties where
agriculture forms a significant element
of the economic base, a polarity of opin-
ion sometimes exists concerning en-
vironmental issues, Huber says. "We
use the words 'natural resources' be-
cause if we say 'environmental,' there is
an immediate polarity - environment
verses agriculture. But if you think
about environment and agriculture as
two points on a continuum and you
draw a line between them, somewhere
in the middle is a common agenda
where people can come together,
negotiate, and move forward together
with something to say in the public pol-
icy debate."

Contact Huber at 236A Forbes,
University of Arizona, Tucson, AZ 85721,
or call (602)621-5430 . Contact Ruyle at the
School of Renewable Natural Resources,
301B Shantz, University of Arizona,
Tucson, AZ 85721, or call (602) 621 -1384.
Contact the Santa Cruz Cooperative Exten-
sion Office at P.O. Box 1585, Nogales, AZ
85628, or call (602) 281 -4965.
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Globe Greenbelt
Renews a Town
By Debra Woodrufff

final Creek meanders around
and through Globe, an
Arizona town in the midst of
the Tonto National Forest.
Rebuilding the creek will

rejuvenate the town, and perhaps the
entire area.

The Globe Greenbelt is a new venture
for the University of Arizona Gila
County Cooperative Extension that will
allow this community to delve into the
potential of its natural resources, says
county Extension director Bill Frost.

The emerging idea is to serve the
population of Globe - roughly 6,000
people, with another 4,000 nearby -
with an environmental recreational
area, a wildlife habitat, a means for
alternative travel by bicycle or foot, and
new economic possibilities. The Green-
belt would be along the 2.5 mile Pinal
Creek that moves through the middle of
town.

Frost emphasizes that Cooperative
Extension would not build the Greenbelt;
they will kick things off by studying the
economic and environmental feasibilities
of the development. Extension would
help create a master plan for the Green-
belt - so the city could explore options
and find financing. A similar study
would cost about $50,000 if purchased,
but the city of Globe will receive it for a
minimal cost - just enough to cover
expenses - from the UA Extension staff.

"The hope, in the end, is that the
Greenbelt will enhance the image of
Globe and make it a nicer place to live,"
Frost says.

He told Charles M. Poster, an architect
and UA Community Leadership and
Resource Development specialist,
about the dream of Globe's mayor to
turn the meandering Pinal Creek into a
Greenbelt. Poster, who works at the UA
Drachman Institute for Land and Reg-
ional Development Studies, has been
involved in watercourse urban plan-
ning in other parts of Arizona. When he
arrived in Globe in May, 1991, he found
a growing awareness of the value of
their historic watercourse system.

"Watercourses are not nuisances as
people once assumed - they're
amenities," Poster says. "For too long,
urban design has been dictated by cars,
and that mode of transportation has
created city grids. But watercourses
often run contrary to the automobile



grid. Watercourses have their own
logic, which encourages opportunities
for walking and bicycle trails."

Unfortunately, in many places,
streams and creeks are sealed up so no
one has to bother with them, or so the
flow of automobiles won't be disrupted.
But Poster found that the state of the
system in Globe was not too bad.

"The creek had been ignored, but at
least it's been a benign treatment,"
Poster says. "There's been no major
degradation."

He discovered that the potential
Greenbelt was rich with cottonwoods
and other native vegetation. Bridges
criss- crossed the creek. It runs through
downtown and the oldest sections of
town, and then spreads out into an
intricate riparian area.

"It's absolutely a treasure," Poster
says.

A town meeting held at the time of
Poster's visit proved that many Globe
citizens, too, are ready to take action
on the watercourse. Nancy Marcanti,
the grants coordinator for the city
manager's office, says it was one of
the most well- attended meetings ever.

"The room was full at 11 a.m., in the
middle of the week," she says in
amazement.

Poster also felt the excitement of the
people of Globe at the initial meeting.
"Older people were there who use the
creek for bird watching. People were
there who already use it for early morn-
ing walks. The project faced no opposi-
tion at that meeting."

Poster says Cooperative Extension
will proceed with the Globe project
with a three -part study. First, Frost and
UA students will gather information
and do feasibility research.

"We need some facts about the
watercourse itself," Poster says. "For
instance, who owns it all? The city may
need to acquire some land."

Also, they will study the current uses
for the creek bank and examine the hy-
drology, including flood danger. Also,
an environmental quality inventory
needs to be taken and all the infrastruc-
ture - water, sewer, telephone lines -
need to be catalogued.

The second phase of the study will
allow Poster and students from the UA
College of Architecture and students in
Planning and Landscape Architecture

Bill Frost

Charles M. Poster

"The hope, in the end, is
that the greenbelt will
enhance the image of
Globe and make it a
nicer place to live."

to develop a schematic -a master
plan - of ways to approach the project.
The plan will be highly conceptual,
with plenty of room for alternatives at
this point, but it will begin to take Globe
in a positive direction.

"We're looking for several alternatives
for the city to consider," Frost said.
"Then they can select the one that best
fits and go out to look for funding."

The third part of the study will have
UA students create demonstration
projects along the creek to show how
the master plan can be put into effect.

"And all along we will be gathering
input from people in Globe. We'll create
a publicity campaign," Poster says. For
instance, Saturday morning clean -up
promotions will get the citizens out to
"experience the potential of the creek."
Slide shows and photograph collections
will help people get to know a beautiful
resource.

Marcanti says that the relationship
between Globe and the UA Extension
has so far been excellent. "We know if
this Greenbelt is developed properly, it
will be a gift," Marcanti said.

Globe was settled by miners because
of the creek bed, Marcanti says. That
makes reclaiming riparian areas and
cottonwood trees that are a part of the

history of Globe an even more attractive
solution. Also, the squirrels, rabbits and
many variety of birds that have always
lived along the creek will be preserved.

The city also hopes to gain economic
advantages from the Greenbelt, said
Marcanti. For instance, the back of
many of the town's businesses face the
creek. Developing a "green" recreation
area may encourage them to clean up
the back of their buildings and open
them up to customers. Also, people
driving through Globe may like the new
Greenbelt so well that they'll stay.

"We'd like to catch as many people as
possible as they're coming through,"
Marcanti says.

"This study will be an educational
process for the community," Poster
says. "They'll see that good design
leads to good results. Our goal is to start
the process, then move on to other
communities."

Contact Poster at the Drachman Institute
for Land and Regional Development
Studies, 819 E. First Street, University of
Arizona, Tucson, AZ 85719, or call (602)
623 -1223. Contact Bill Frost at the Gila
County Cooperative Extension Office, Gila
County Courthouse, 1400 E. Ash Street,
Globe, AZ 85501, or call (602) 425 -7179.
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Working with a biological
insecticide involves
more than just a direct
swap with the usual
chemical insecticide in

the spray tank.
Growers find that natural insect con-

trols are not an easy answer to their pest
problems because these substitutes
don't achieve the range of kill possible
with conventional pesticides. Natural
controls also require a more thorough
knowledge of the biology and ecology
of both the pest and the crop.

Yet, with the increased pressure from
consumers for produce grown without
chemical insecticides, the agricultural
industry is interested in using natural
pest control measures where possible.
One of those controls is a bacteria,
called Bt.

Widely available for nearly a decade,
Bacillus thuringiensis, or Bt, works by
paralyzing the gut of the Lepidopterous
insect larva as it feeds on sprayed
leaves. The larva stops feeding, dies,
and falls off the plant a few days after
ingestion.

John Palumbo, assistant research
scientist in vegetable crops entomology
at the UA Yuma Valley Agricultural

recently began working with

Bt. Local pest control advisers wanted
to know more about how it could fit into
a total pest management plan.

In an experiment performed last
year, Palumbo first examined the
biological cycles of such insect pests as
the beet armyworm and cabbage
looper, which infest lettuce and cole
crops. He wanted to pinpoint their vul-
nerabilities. Then he screened different
formulations of Bt on these crops to
determine which formulations were
most effective.

Now he is experimenting with ways
to fit Bt into commercial cropping
schemes by using different application
times, sprayer types and tank mixes.
Cost of the material is a factor, and so is
the grower's perception of Bt's range of
control.

Bt is a relatively expensive compound
to use, compared to chemical pesticides.
But, growers may be able to reduce its
cost by applying the material in bands
rather than broadcasting it, Palumbo
says.

As for control, his lettuce trials in
Yuma indicated that Bt does not subdue
the beet armyworm as well as standard
insecticides. Applications of Bt alone at
5 -day intervals did not achieve the con-
trol that growers were used to having.

Managing Natural
Insecticides-

It's Not as Easy
as It Sounds

By Susan McGinley

The beet armyworm and cabbage
looper cause heavy damage on lettuce
from August through October in Yuma.
Reducing the pest's population during
the crop's early growth stages helps
prevent a reduction in plant stands and
later damage to the heads.

Palumbo explains that since Bt works
as the insect ingests it, rather than by di-
rect contact, crops will sustain some
damage before the insects die. "With
Bt, a grower won't get perfect lettuce,"
Palumbo says. "The goal with Bt must
be to reduce the pest, not eliminate it."

On the other hand, chemical insec-
ticides have drawbacks as well.

"Insecticides are a nice insurance
policy," he admits, "but pounding
away with too much insecticide can

What Happens Next? It's Not A Simple Question
By Rita Connelly

Raina Miller (left). Rocio Estrella, Mark
Brusseau (center) and Ian Pepper.

Iis a simple- sounding question.
What happens to chemicals like
pesticides in the soil? Finding an
answer brought together a trio of
researchers at the University of

Arizona College of Agriculture.
Mark Brusseau, a chemist; Raina

Miller, a microbiologist; and Ian Pepper,
a soil microbiologist, joined to study the
relationship between the soil and a
weed -killer 2,4- dichlorophynoxyacetic
acid (2,4 -D). This herbicide is no longer
widely used in field applications in the
United States. However, the research
team is primarily focusing on using the
chemical as a model compound to rep-
resent the behavior of a variety of chem-
icals, not on the weed -killer per se.



John Palumbo

"With Bt, a grower won't
get perfect lettuce."

produce secondary pest outbreaks after
the primary pest is controlled."

The quality of the marketable product
is really the bottom line.

"The question is, how much reduc-
tion in quality would the customer be
willing to accept? We are working to
find that out," Palumbo says.

A middle ground for incorporating Bt
into a cropping plan does exist. He
suggests tank mixing Bt with a conven-
tional chemical insecticide for the army -
worm as a more conservative approach.
Growers are currently using Bt in this
way

trials on cauliflower have been
more successful. Since cabbage loopers
attack the leaves more than the head,
the cauliflower plant can endure more
infestation without a lot of economic
damage. Growers can use Bt to keep the
loopers in check.

Catching the worms when they are
small is the key to using Bt alone on
both cauliflower and the seedling stage

0 of lettuce.
"You don't always get the best yield

or the premium price, but there is a
market for residue -free produce,"
Palumbo says.

He recommends using Bt alone on
cauliflower as a way to qualify for the

Nutri -Clean label in the groceries. The
Nutri -Clean designation applies to pro-
duce that tests free of the residues of
several major pesticides. However,
most lettuce and cauliflower grown in
Yuma with conventional insecticides
are free of pesticide residues when
harvested.

"The public needs to be aware that,
regardless of production methods, the
vegetables grown in Arizona are safe
and free from harmful residues,"
Palumbo stresses.

Nonetheless, Nutri -Clean is a selling
point because grocers feature the label
prominently on produce displays.

Finding ways to manage pests as part
of a total crop management plan is the
heart of Palumbo's work. He addresses
problems specific to the Yuma area.

"Yuma growers are on top of the situ-
ation and working together with the
UA to solve problems," he says. "We
have growers here in the valley who are
thinking and practicing environínental
stewardship." Innovative uses for Bt
and other natural controls is one path
growers and researchers are pursuing
to reach that goal.

Contact Palumbo at the Yuma Valley
Agricultural Center, 6425 W. 8th Street,
Yuma, AZ 85364, or call (602) 782 -3836.

"Our purpose is to see whether 2,4-D
is mobile and if it can move through the
soil," Miller says. "We want to see if it
makes it to the ground water."

With the professors' guidance,
graduate student Rocio Estrella looked
at biodegradation, which is defined as
the decomposition of contaminants by
bacteria naturally occurring in the soil.
She measured sorption, which is the
amount of chemical that sticks to the
soil particles. Finally, she used a soil col-
umn to study the movement of the
chemical through the soil. Water, mixed
with 2,4 -D, was run through a soil -filled
tube, measuring about 15- inches by
2- inches. With the help of a fraction col-
lector, she measured the amount of 2,4-D
remaining in the soil after the water had
drained.

"This is going to lead to technology

"A soil's fingerprint could
be just as unique as

human fingerprints are."

that we can eventually use with other
components for their potential contami-
nation of ground water," Brusseau says.

But, it's a complicated situation be-
cause the soil is such a complex system.
Finding ways to exploit existing soil
organisms to increase biodegradation
during transport of pollutants in soil is
the impetus behind the UA research.
The soil is alive with microorganisms
that can play an important role in clean-
ing up contaminants.

"Soil doesn't just sit there, things
happen to it... such as the summer heat
and rains," Miller says.

The work of the three researchers is
interrelated. Miller's interest is studying
soil bacteria and the chemistry of
biodegradation. She has developed
methodologies to track the fate of the
2,4 -D, and works to develop ways to
increase contaminant destruction by
existing soil bacteria.

Brusseau focuses on the chemistry
and physics of the interaction of 2,4-D
with the soil. This includes sorption/
desorption and movement of the 2,4 -D.
in soil. Sorption is reversible, and 2,4-D
can be sorbed to the soil and then
released back into the water that is
moving toward ground water. His
work is vital for determining the length
of time that 2,4 -D will be in the soil for
degradation by soil bacteria.

Pepper's research involves the inter-
action of bacteria with the soil environ-
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ment. He has developed gene probes to
detect 2,4- D- degrading bacteria in the
soil, and is developing methodology to
track the genetic transfer between indi-
genous organisms and those that are
added.

In the future, Brusseau, Miller and
Pepper plan to continue their collab-
orative efforts. Miller is developing
methods to increase the water solubility
of pollutants so bacteria can biodegrade
them more rapidly. One promising
approach is using microbial surfactants
- detergent -like molecules created and
released by bacteria - that dissolve pol-
lutants and make them water soluble.

Brusseau is investigating the mech-
anisms by which pollutants interact
with the soil. He is also developing
mathematical models to use to predict
the movement and fate of chemicals in
the soil.

Pepper is trying to figure out the
exact make -up of the bacterial commu-
nity in the soil. Instead of using classical
culture techniques that only identify
one percent of the soil community, he
plans to use molecular techniques to
analyze soil samples and generate a
DNA fingerprint.

"A soil's fingerprint could be just as
unique as human fingerprints are,"
Pepper says. After developing an
analysis of a bacterial community, Miller
and Pepper study how
pollutants affect the soil fingerprint,
especially in Arizona soils.

They are unique to Arizona - gener-
ally lower in organic matter than soils
found elsewhere in this country. Since
the amount of organic matter determines
the rate of biodegradation, this fact
becomes important when Brusseau
measures the transport of pollutants
through the soil.

Arizona soils also are higher in alka-
linity as is demonstrated in common de-
posits of calcium carbonate, popularly
known as caliche. Tightly packed
caliche affects water movement - and
the sorption rate.

All in all, Brusseau, Miller and Pep-
per hope to eventually answer enough
questions about using microorganisms
to control soil pollution so that clean -up
can be done in place.

"We want to exploit what is naturally
in the soil," Miller says.

All three are faculty in the Department of
Soil and Water Science. Contact Brusseau at
404 Shantz, University of Arizona, Tucson,
AZ 85721, or call (602) 621 -3244. Contact
Miller at 410 Shantz, University of
Arizona, Tucson, AZ 85721, or call (602)
621 -7231. Contact Pepper at 238 Shantz,
University of Arizona, Tucson, AZ 85721,
or call (602) 621 -7234.
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Judith Brown checks a greenhouse- raised
cotton plant for whitefly infestation.

Whiteflies-
The Tiny Bug
with the Big Bite
By Rita Connelly

The poinsettia strain of the
sweet potato whitefly could
be a fictional menace from an
old grade -B horror movie.
Like those movie monsters,

members of the poinsettia strain are
causing havoc wherever they're found.
And like their movie counterparts, they
multiply quickly, travel quickly and
seem to be everywhere. Using pesticides
or natural enemies to control these tiny
pests hasn't worked during critical
periods of the growing season. The
poinsettia strain resists control, frustrat-
ing growers and scientists.

Unfortunately, the poinsettia strain is
a true threat to agriculture, not just a
figment of some writer's active imagina-
tion. In 1991, California's Imperial Valley
melon growers suffered a total crop loss
caused by this whitefly. Growers have

David Byrne inspects vegetables in Yuma for whiteflies.

asked for federal disaster aid. Problems
in Arizona were less serious on other
crops, which may have been due, in
part, to the weather. This tiny pest -
weighing as little as 26 micrograms and
measuring .8 millimeter - has drawn
gargantuan attention.

Using predators and
parasites has met with

only limited success.

At the University of Arizona College
of Agriculture, a team of concerned
experts is trying to develop a plan of
attack. The group includes entomologists
David Byrne, Theo Watson, John

Palumbo and Leon Moore, plus plant
virologist Judith Brown and cotton
specialist Jeff Silvertooth. They are
backed by graduate students, county
extension agents and cotton and vege-
table growers throughout western
Arizona.

The origins of the poinsettia strain of
whitefly are unknown, but sweet
potato whiteflies were first noticed in
the United States as early as 1894. In
Arizona, they were seen in 1926. The
poinsettia strain was found in Arizona
greenhouses in 1988 by Brown and
Costa. However, Byrne is still caútious
about the genetic standing of this insect.

"Something is definitely going on
with the sweet potato whitefly," Byrne
says. "We still can't make a definitive
statement about the evolutionary con-
sequences of the behavioral changes
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we've seen." But changes are occurring.
The whitefly has expanded its host

range; hosts serve as food sources, as
well as sites for reproduction.

"We know they have different host
ranges for feeding and reproduction,"
Brown says. "The ability for successful
reproduction is the key."

While cotton has always been a favor-
ite whitefly host, the poinsettia strain
now lives on corn, alfalfa, broccoli,
cauliflower, melons, peanuts, citrus,
sesame, grapes and various grasses.
Host plants also include such common
ornamental favorites as roses, lantana
and hibiscus. In greenhouses, the poin-
settia plant is highly favored by the
pest, hence its name.

In cotton, the poinsettia whitefly
causes several kinds of problems,
Silvertooth says. They attach their
mouth parts to the sieve tubes of the
phloem (the plant's vascular system)
and suck the sugar -rich sap. This heavy
feeding harms the host plant's develop-
ment. Entomologists have shown that,
during a growing season, the whiteflies
can extract more than 500 pounds of
sugar from a single acre of cotton.

The whitefly takes the nutrients it
needs and excretes the rest. The thick
excrement - known as honeydew -
gums up the machinery in the cotton
picking and ginning processes.

"The poinsettia strain excretes five
times as much honeydew as the old
strain of the sweet potato whitefly. It
stands to reason they feed five times as
hard," Byrne says. Simple mathematics
shows how much damage they do just
with feeding and excretion alone. But
honeydew also acts as a base for a black
fungus that can grow on any plant on
which the whitefly lives. The fungus
interferes with photosynthesis.

Brown has documented another
adverse affect. Poinsettia whiteflies are
an important vector, or transmitter, of
plant diseases. They pick up gemini-
viruses and closteroviruses on trips
through weeds on their way to the
crops. Brown is conducting research
with a number of newly discovered
whitefly- vectored plant viruses in her
laboratory.

Unfortunately, whiteflies appear to
be resistant to many pesticides. At the
same time, many of the whitefly's natural
enemies, such as the green lacewing
and the big -eyed bug, have been de-
stroyed by wide use of the chemicals.
Combinations of pesticides sometimes
work, but not reliably.

Byrne has tried trap crop techniques
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Cotton is a favorite host for whiteflies.

for whitefly control, working with Peter
Ellsworth and Jon Chernicky at the UA
Maricopa Agricultural Center, near
Maricopa, Ariz.
"We surround cotton fields with

bands of plants that are more attractive
to the whitefly - the trap crops - and
then hit the bands with pesticides. We
don't know how well it will work, but
the preliminary evidence is encourag-
ing," Byrne says.

Using predators and parasites has
met with only limited success. Byrne
and Allen Cohen of the U.S. Depart-
ment of Agriculture used one type of
predator that could eat as many as 50
adults a day. But the predators proba-
bly couldn't keep up with the exploding
population growth of the whitefly in
the early fall. Natural enemies have
more influence earlier in the year.

Whitefly migration patterns from one
field or one crop to others are changing,
also. The entomologists found two
whitefly types, or morphs, with wings
that are structured differently. One
morph stays put, but the other migrates
to more distant fields. The entomolo-
gists are now looking at behavior.

Byrne and post -doctoral researcher
Jackie Blackmer are studying migration
with the help of a flying chamber that
resembles a huge terrarium tented with
black cloth. After whiteffies are placed
in the chamber, a light turned on at the
top attracts them. Their movement is
tracked on film and on a machine much
like a seismograph.

Byrne says the sweet potato whitefly
flies about 6 centimeters per second.
When aided by a 5 mile an hour wind,
this speed could mean a flight of up to
12 miles in one morning. In the lab,
these whiteffies can sustain flight for

more than 2.5 hours in temperatures
less than 90 degrees. If the researchers
can predict when the insects may mi-
grate, perhaps they will learn how to
avert the mass movements.

The poinsettia strain has yet another
survival technique - it can reproduce
without fertilization. "If the eggs are
fertilized, females hatch," Brown says.

Her studies have shown an enzyme
difference between A and B whitefly
types, which may indicate genetic dif-
ferences.

Even faced with the complexities of
the poinsettia whitefly, the university
researchers hope to avoid a repeat of
the 1991 disaster in the Imperial Valley.
Now, the scientists believe, growers
realize the importance of developing
and using management techniques,
particularly since traditional chemical
controls are ineffective.

Some management suggestions are
radical, such as plowing under entire
crops at the first sign of infestation.
However, crop sequencing is one work-
able suggested approach. In this case,
growers would avoid planting favorite
whitefly host plants near each other.
For example, they would not plant me-
lons next to cotton. Plantings also
would have to be timed so crops
wouldn't reach certain critical stages
that encourage migration at the same
time.

Growers will need to regulate crop
irrigation. They will have to narrow the
time frame during which they terminate
cotton irrigation because once cotton
dries, whiteffies leave for other crops,
such as young lettuce. Perhaps scientists
will be able to predict migration better
and suggest alternative crops for fall
planting.

Byrne also suggests weed hosts must
be destroyed to eliminate the rapid
increases in the poinsettia strain of
whiteflies that live on weeds when
other hosts are not available. Destroy-
ing weeds also could help control the
spread of viral plant diseases.

"Area -wide cooperation by growers
and researchers is needed if we're going
to successfully control the whitefly,"
Byrne says. "Growers recognize that
one guy can't do it all alone."

Contact Byrne at the Department of
Entomology, 403B Forbes, University of
Arizona, Tucson, AZ 85721, or call (602)
621 -7169. Contact Brown at the Department
of Plant Sciences, 303 Forbes, University of.
Arizona, Tucson, AZ 85721, or call (602)
621 -1402. University of Arizona College of
Agriculture.



... perhaps the greatest challenge of the 90s (is) pre-
serving our environment... and, as industry leaders,
you must confront the environmental challenge.

"FACTS - not emotion -are needed in the debate
over environmental policies. Our land and air can ill
afford to wait as we forge ahead without proper facts,
taking legislative leaps into the dark.

"Industry leaders must play a key role in protecting
the environment. You must utilize your technological
superiority for the great public good. You can adopt
a 'no regrets' policy. Take actions that you know are
environmentally safe, rather than simply 'legally
permissible.' ... Be proactive in helping us shape
environmental policies to create solutions before they
are created for you."

(portions of a speech given by Governor Fife Symington
at the "Southwest Electric Conference" 1991)
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Our environment is an inescapable part
of our lives; in agriculture, environmental
stewardship always has been vital. But today,
protecting our air, water and land has become
governmental policy, and those policies have

an enormous effect on all aspects of our life and business.
As in agricultural industry, environmental stewardship

is part of our daily life at the College of Agriculture. Much
of our teaching, research and extension activities are related
to researching new ways to help protect our environment
and helping people deal with regulations and profit from
our discoveries.
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