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From the Dean
Since its establishment, the University of Arizona College of

Agriculture has served the needs of the state's citizens, within
the limits of our available people -power. As Arizona's popula-
tion grew, and new problems arose in our production systems,
demands for assistance have multiplied.

As the 1980s begin, rocketing population and inflation, and
potential shortages of energy and water, are raising many new
challenges to management of agriculture, human environment
and natural resources in Arizona. The faculty of the College of
Agriculture is eager to work on those challenges.

Our students are planning ahead for a wide variety of jobs
that are changing to meet changing needs. As Dr. Hungerford
mentions in this magazine's article about his Professor of the
Year Award, today's students are quite serious about getting the
training needed to get the jobs where they can help solve
problems. Students are coming from a wider variety of
backgrounds than ever before. A record high of 41 percent
of our agricultural and natural resources undergraduates
are women.

The research scientists in the College of Agriculture are
amassing details of new knowledge that add up to solutions
of problems. Described in this issue are efforts to stretch
Arizona's water supply by using lower- quality water where
possible and capturing more rainfall, an approach to meeting
the clothing needs of physically handicapped adults, and
work on a type of cotton to reduce plant -dust problems in
textile factories. Dr. Dewhirst's article points up the economic
payoffs of agricultural research.

Helping Arizona meet the food, fiber, home living, and re-
newable natural resource needs of an expanding population
faced with a limited amount of water and a declining amount
of fossil fuel is your College of Agriculture's challenge for the
1980s. We are working on it.

a/tA46 .0
Dr. Darrel S. Metcalfe, Dean
College of Agriculture
University of Arizona
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On Black Mesa Spoil Heaps, Harvested Water

Becomes the Key to a Harvest of Vegetables

By Eric Schwennesen
UA Extension Agent
Coconino County

A five -acre garden grew this summer on coal mine
spoil on the barren Black Mesa because the earth that
had been displaced by strip mining was reshaped and
treated to collect rainwater. Only about 10 inches of
precipitation a year falls on this part of northeast
Arizona, so water is the limiting factor in the land's pro-
ductivity. The rows of beets, squash, potatoes, corn and
other vegetables tended by Navajo high school students
this year got extra water in the runoff from 12 acres of
treated mine -spoil heaps.

Strip -mine reclamation usually means returning the
spoil heaps to the area's original contour, replacing the
topsoil, mulching, and planting new vegetation. That
works well in many parts of the country, but not in the
dry West. The area being mined on Black Mesa is mar-
ginal rangeland supporting only about one cow or five

and
Oliver Whitehair

Agriculture Teacher
Monument Valley High School

sheep per square mile. Frozen, windy winters and hot,
windy summers at this 7,000 -foot elevation compound
the problems of aridity. The usual reclamation process
here yields land with very low productivity at costs
which may hit $14,000 to $28,000 per acre.

The University of Arizona, cooperating with the Pea-
body Coal Company and funded by the U.S. Bureau of
Mines, is examining water -harvesting as a more produc-
tive sort of reclamation. Dr. John L. Thames, watershed
management professor for the UA College of Agricul-
ture, and Dr. C. Brent Cluff, hydrologist for the UA Water
Resources Research Center, head the project, the first of
its kind in the nation. A feasibility study finished in 1977
says that water -harvesting can increase the economic
and social benefits from reclaimed strip mines in the
dry West.

Randolph Laughter, Eric Schwennesen and Oliver Whitehair (left to right) display one August day's harvest of
turnips, squash, tomatoes, onions, beans and beets grown at the Black Mesa Water Harvesting Project last
summer.



Reclamation as Opportunity

Peabody is mining about 200 acres of coal on the
Black Mesa each year to fuel the Mojave and Page
power plants. The coal seams underlie 60 to 80 feet of
soil and rock. This overburden is removed from a long
strip about 100 feet wide and piled up alongside. Once
the coal from that strip is dug out, the adjacent strip is
laid bare, with its overburden moved onto the area of the
first strip. A series of ridges 60 to 100 feet tall results as
the strip mining continues. By the late 1980s, attempts
will have been made to reclaim 1,400 acres of these
mine -spoil heaps on the mesa.

In the newly planted orchard, project crew members
2 spread gravel by hand over the catchment surface be-

tween rows of seedlings.

The water -harvesting approach views the need to
move large amounts of land as an opportunity to
maximize benefits by reshaping the land, instead of as a
problem of returning it as close as possible to its former
shape.

The UA project blends the ancient practice of water -
harvesting with the modern technology of computer
modeling and mapping.

Nearly 4,000 years ago, farmers in Israel's Negev
Desert harvested rainwater for their wheat by clearing
and smoothing hillsides and channeling the runoff onto
their fields. American Indians around Mesa Verde,
Colorado were using simple water -harvesting methods
for irrigation 400 to 700 years ago. Australian farmers
have been refining water -harvesting technology since
the 1920s. Recent interest in this way of exploiting
rainfall in Arizona is evidenced in the Page Ranch
project described in the Fall 1979 Progressive
Agriculture in Arizona and in the 4 -H camp project
described in this issue.

For the Black Mesa project, computer analysis of sur-
face slope and texture, absorption rates of the soil, pre-
cipitation records, erosion rates and other factors can
determine ahead of time what land contours will give
the maximum runoff with minimum erosion. Computer
modeling can predict how large a catchment surface is
necessary to irrigate each acre of agriculture.

Evaporation Loss

Thames and Cluff began gathering data for com-
puter modeling in 1973. Five years later, work started on
the catchment areas, the evaporation -efficient storage
ponds, and the garden and orchard.

With large mining equipment, Peabody crews
scooped out three storage ponds at different elevations.
The three will hold up to two million gallons. Each pond
is 10 to 15 feet deep to minimize evaporation. For added
defense against the area's dry winds, a pump can pipe
water from the lower ponds to the top one, reducing the
surface area exposed. Cluff plans to install a floating
solar collector on one pond, both as a cover to reduce
evaporation and as an energy source for the pump. A
prototype of the floating collector is working well on the
UA campus. It rotates in the water to track the sun's daily
course.

After digging the ponds, the crews shaped the spoil
piles into catchment slopes and a level field. The water -
collecting area was treated with about 500 pounds -per-
acre of salt and compacted. The salt keeps the slopes
plant -free and helps harden the surface. Then, fiberglass
gauze was unrolled over the area and sprayed with hot
asphalt. A final topping of rock chips protects the asphalt
from the sun.

Crew member Robert Curlyhair (right) and UA graduate
student Ken Vogler help with treatment of the catch-
ment slope to increase runoff. White fiberglass gauze
was unrolled from the back of the truck, then sprayed
with hot asphalt.



This full treatment gives a surface that collects 90 to
95 percent of the water that hits it. Channels carry the
runoff either directly to the field irrigation ditches or into
one of the ponds. The irrigation ditches also empty into a
pond so the water can be reused.

At the site, Research Associate Matts Myrhman man-
ages the UA project. Walter Begay of Peabody's recla-
mation group has coordinated the coal company's
involvement, which included the extensive shaping
and grading work and the use of equipment.

Early last spring, UA Extension Agent Eric Schwenne-
sen of Tuba City planted 80 trees in a one -acre orchard
in the irrigated area. The trees include several apple
varieties, peaches, apricots and nuts.

Vegetable Garden

Agriculture students from Monument Valley High
School in Kayenta planted many types of vegetables in
the five -acre field. They tended the garden through har-
vest, supervised by their teacher, Oliver Whitehair, and
by Myrhman.

During the summer, underground settling of spoil
material cracked two of the storage ponds, draining their
contents. Nevertheless, water collected from the still -
unfinished catchment surfaces was adequate for the
experimental garden.

The project aimed for experience rather than
maximum production this year. Thus, a greater variety of
vegetables was grown than is planned for future years.

A layer of dust disguises project manager Matts
Myhrman after a day of bulldozing.

Squash, beets, onions, potatoes and native corn did very
well. Tomatoes, commercial corn, beans and peas did
not. All of the orchard trees looked well by mid -autumn,
and the apple varieties seemed to be thriving.

Thames is particularly encouraged because many of
these plant varieties have not been grown before at this
elevation on Black Mesa, and because the crops grew in
raw mine spoil, which is greatly inferior to most agricul-
tural soils. Also, this was one of the driest seasons on
record for the area. Only one rainfall greater than 0.14
inch fell during the growing season. That one was less
than half an inch. Evaporation rates were intense, high
enough to take nearly five feet of water out of a Weather
Bureau evaporation pan during the short growing season.

Whitehair and three of his vocational agriculture stu-
dents tend the channels as the garden's first irrigation is
piped from a storage pond in May 1979.

The cracked ponds have been repaired, and catch-
ment surfacing is due for completion next season. Gar-
dening will focus on root crops, squash and corn in
1980. A local Navajo farmer has agreed to supply seed
from native corn which has produced well in his own
garden.

Meanwhile, Thames, Cluff and Ron Sauer of Pacific
Northwest Laboratories have begun another project on
10 acres of spoil heaps nearby. They are studying ways
to shape the heaps both to reduce regrading costs and to
harvest water.

The collected water irrigates long, narrow plots of
range plants in the valleys between the ridges of spoil.
The slopes are shaped to minimize erosion. For com-
parison of surface treatments, one section is untreated,
another only compacted, a third both compacted and
salted, and a fourth is seeded and fertilized. The project
aims to develop an economical mine -reclamation sys-
tem that yields productive grazing land.



Special Clothing Needs -and Solutions-
for the Physically Handicapped Identified

Many physically handicapped
people face two types of clothing
problems: garment design and
shopping facilities.

Fasteners too hard to fasten and
fitting rooms too small for wheel-
chairs are examples of the obstacles
identified in a University of Arizona
study of the special clothing needs
of the handicapped.

The study has pulled together in-
formation about the subject from
20 years of publications and other
sources. It aims to make the informa-
tion more accessible for the hand-

4 icapped themselves and for others
who can use it, such as clothing
manufacturers and retailers,
educators, professionals and para-
professionals. One part of the study,
a survey of handicapped Arizonans,
provided useful categories and de-
scriptions of handicaps and clothing
problems.

Dr. Naomi Reich, chairman of the
Division of Clothing, Textiles and
Interior Design at the UA School of
Home Economics heads the three -
year project. Elizabeth Shannon,
vice -chairman of the comparable
department at the University of Man-
itoba in Canada, has worked on the
project in Arizona while on sab-
batical leave from Manitoba. The
Arizona Agricultural Experiment
Station is funding their work.

By 1970 figures, 11.2 percent of
Americans between the ages of 16
and 64 have long -term physical dis-
abilities. In Arizona, the proportion
is 13.0 percent. Reich and Shannon
chose the 16 -to -64 age group be-
cause it covers people who are
employable, physical condition
permitting. Nearly half of the

By Patricia Otten
Graduate Research Assistant

UA School of Home Economics

110,000 disabled Arizonans in that
age group are actually in the labor
force.

Useful Categories

The survey of handicapped
Arizonans aimed to find useful ways
to describe and categorize hand-
icaps and clothing needs. A pre-
tested questionnaire was mailed to
Arizona representatives and alter-
nates to the 1977 White House Con-
ference on Handicapped Individu-
als. Of the 319 respondents, 288
were in the target 16 -to -64 -year age
group. Nearly three -fourths of the
respondents had been disabled for
10 years or more.

The largest proportion of respon-
dents suffered from arthritis. The
next most common disabilities, in
order of frequency, were polio, spi-
nal cord injury, and nerve damage
or visual impairment.

From the survey data, the re-
searchers identified six categories of
common physical limitations, based
on the parts of anatomy affected by
a handicap, rather than the med-
ical cause of the handicap. The
categories are lower leg, lower torso,
hands, arm, upper torso and neck.

A lower torso physical limitation,
for example, might be due to ar-
thritis, cerebral palsy, spinal cord in-
jury, muscular dystrophy, multiple

SHOPPING OBSTACLES

OUTSIDE THE STORE FREQUENCY PERCENTAGE
o 20 40 60 80 100

Convenient parking
Curbs
Steps
Store entrance

INSIDE THE STORE

Turnstiles
Aisle spacing
Traffic route through store
Operating the elevator
Location of merchandise
Size of fitting rooms
Accessibility of fitting rooms
Rest areas
Restroom facilities

(N =288)

Physically handicapped people in Arizona, ages 16 to 64, identified the above
features as areas in which they have experienced obstacles while shopping
for clothes.



sclerosis, neuromuscular paralysis
or polio. It may necessitate the use
of braces, crutches, walkers, wheel-
chairs or incontinence products.

Style features of clothing with
which women in the survey group
found difficulties also fell into six
categories: back closure, front clo-
sure, side closure, wrap-around
style, one -piece pull -down garment,
and one -piece pull -up garment.

Barriers and Needs

Handicapped people of both
sexes indicated that the character-
istics of ready -to -wear garments
which most frequently cause prob-
lems are: no give at the waist, open-
ings too small, armhole and sleeve
too tight, and no ease in the shoul-
der. Seams, fasteners and areas of
severe wear often need repair, they
said in the survey.

Shopping barriers were a sig-
nificant concern to those people
surveyed. Even in Arizona, handi-
capped people are confronted by a
number of obstacles when entering
stores and by mobility problems
within stores. The survey identified
steps outside the store and the loca-
tion of merchandise inside the store
as sources of difficulty for about
two -thirds of the survey group.
Figure One shows other features
identified as shopping obstacles
by one -third or more of the age
16 -64 respondents.

Almost one -third of the survey
group reported an annual income of
$3,000 or less. Researchers Reich
and Shannon see this as evidence of
a need for many handicap victims to
be able to use ready -to -wear clothes
with a few simple modifications in-
stead of needing more expensive,
custom -designed garments.

The job -age handicapped have
many needs. The goal of these re-
searchers is to acknowledge and
share solutions that do exist for
clothing and daily living needs.

Available Information

Information that has been pub-
lished about the clothing needs of

physically handicapped people
comes from a wide variety of gov-
ernment and private agencies and
from both health and clothing pro-
fessions.

The types of literature are as var-
ied as the sources. One publication
deals only with functional fasteners,
a second with how to take mea-
surements of a seated person, others
with ways to modify existing
clothes. Booklets offer clothing
suggestions for disabled children, for
the elderly, and for a person with an
ostomy, mastectomy, arthritis, quad -
raplegia or stroke. Some journal
articles deal with specific support
devices or design factors for people
with specific handicaps. Filmstrips,
slide shows, catalogues, and hand-
books also address the daily living
needs of the handicapped.

The UA research staff has
catalogued all of this information

Dr. Naomi Reich displays drop -
seat pants with hook -and -loop
tape fastenings, designed for
people who have trouble balanc-
ing while standing.

available by June 1979 in "Clothing
for Handicapped People, an Anno-
tated Bibliography and Resource
List." The President's Committee on
Employment of the Handicapped
is publishing the work, and por-
tions are being added to a compu-

terized retrieval system, "Accent on
Information."

The researchers are providing in-
formation more directly to those
who seek it, too. They have
answered nearly 150 requests for in-
formation either about their findings
or about specific personal problems,
such as pant designs for a person
with a spinal cord injury or clothing
labels to indicate colors for blind
people. Examples from their mail
include:

My daughter, who has cerebral
palsy, ...can't find a button
hook large enough to button
pants.

I am a below- the -knee am-
putee and my pants leg con-
tinuously wears out where my
artificial limb protrudes
around the knee area. Is there
a light, soft and strong material
which can be glued to the in-
side of the pants leg to make
for longer lasting wear?

I am a rheumatoid arthritic. As
the years and the crippling
have progressed, so have my
clothing problems ... I need a
loose, slip over the head gar-
ment with deep armholes.

I have a sister ... who is a
paraplegic. She has two bags,
one for colestomy and another
for ileostomy. She has had a
difficult time getting pants right
for her ... Are there skirts of
some kind she could wear?

Forty percent of the inquiries were
from handicapped people them-
selves. Information has also been
shared through presentation to UA
Extension county home economists
and to local agencies that deal with
the physically handicapped.



Six College Students
Tell Faculty Audience
"How I Learn Best"

Six College of Agriculture undergraduate students sat
before a roomful of faculty members in October and
talked about how to teach. The 90- minute session, titled
"How I Learn Best," was one of four seminars for
teachers sponsored last semester by the college's Instruc-
tional Improvement Committee.

The other seminars featured a faculty panel, college
administrators, and a university dean from another state.
The Instructional Improvement Committee has 10 fac-
ulty and six student members.

The students on the "How I Learn Best" panel praised
well- organized classes taught by professors who are re-
sponsive to student questions, who use a variety of
supplementary teaching aids, and who give frequent
quizzes rather than relying on one or two examinations
for the semester.

"I learn best when I know where I'm going," said
agribusiness senior Tammy Anderson from Peoria. She
was the panel's moderator. Denise Stratikas, an interior
design major from Portland, Oregon, agreed that a good

outline of the course and of the student's responsibility
in it is helpful.

Agricultural education junior Elin Duckworth added
that, when beginning a course, "the students are in-
terested in what the professor does and what his
background is."

The value of organizing each lecture into a complete
unit by itself, with an introduction and useful repetition
of main concepts, was stressed by animal science junior
Richard Murphy from Tucson.

Panel members said that the teacher's attitude was
one of the most important factors in learning. Sharon
Freidell, a senior in nutrition from Santa Barbara,
California, said, "Unless students respect a teacher, they
are not as willing to put time and energy into a course.
The respect comes about by seeing a teacher be en-
thusiastic about the material and about the students'
learning."

Agribusiness junior Howard Morrison from Gilbert
described one of his plant science professors as an
example. The teacher encourages questions from stu-
dents and asks some in return. "He comes back the next
day with answers to questions he had not answered or
had answered wrong the day before. That impresses
me."

Moderator Anderson added, "I appreciate it when a
teacher is open. By that I mean being receptive to stu-
dents and having specific office hours. I have to com-
mend the Ag College for being the best in that area on
this campus."

,/ 4'41'

Students Howard Morrison, Elin Duckworth and Denise Stratikas (left to right) tell about 30 College of Agriculture
faculty members what ways of teaching help them most.



Today's Students Are
Problem Solvers, Says
Professor of the Year

This year's College of Agriculture Professor of the
Year, Dr. Rober Hungerford, has been teaching wildlife
ecology at the University of Arizona since 1952.

Members of the student Agricultural Council decide
who gets the annual award.

Hungerford's students range from freshmen taking in-
troductory conservation courses to doctoral candidates
completing their dissertations. Two of his courses this
year are in government wildlife policies and enforce-
ment, and in techniques of wildlife research.

"I like teaching undergraduates as much as graduate
students, and I like teaching even more than research,"
Hungerford said after receiving his award at the Agricul-
ture Honors Convocation in October. His enthusiasm for
the study of wildlife helps inspire students.

His own research has concentrated on wildlife nutri-
tion and habitat. He spent a sabbatical year recently
studying the impact of wild horses in northern New
Mexico on available forage for elk and cattle.

Hungerford said that faculty and student research is
valuable for the interaction it brings with other special-
ties, such as animal pathology, nutritional biochemistry,
forestry, range, and sociology. The tie with sociology is
in the area of how people benefit from wildlife in non -
consumptive ways as well as through hunting.

"We're getting away from the Davy Crockett
outdoor -hunter image of wildlife management," said
Hungerford. More of our students now are non -
hunters, but most of them realize that hunting is an im-
portant part of the picture." Most state management of
both game and non -game wildlife is paid for by hunting
licenses.

He contrasted today's wildlife students to earlier ones
in two other ways. Women were once rare in the de-
partment; now one -third of the university's wildlife stu-
dents are women.

Formerly, many students studied wildlife ecology for
personal interest, without really planning for a career in
the field. "Now," he said, "more of the students are
quite serious about getting the training and the job to be
able to solve some of the problems of wildlife survial.
They are deeply concerned about endangered species
and loss of habitat. Our desert habitat is especially sensi-
tive to changes."

Dr. Roger Hungerford starts a class session in the introductory wildlife ecology course.



Agricultural Research Doesn't Cost, It Pays,

Thanks to the Coordinated American System

Would you like to be investing in
an endeavor that has brought annual
rates of return of about 50 percent
for half a century?

If you pay taxes, you are.
Federal and state governments in-

vested about $1.5 billion in agricul-
tural research and extension in
1978. That comes to about $20 per
American family.

A recent report in Science
magazine summarized 32 different
studies of the long -term results of
agricultural research and offered
the 50 percent annual- rate -of- return
average.

Most of the benefits of the in-
creased agricultural productivity in
the United States have gone to the
consumer rather than the farmer.
The increase has helped lower the
portion of Americans' disposable in-
come spent on food from 22 percent
in 1950 to 17 percent today, the
lowest in the world. The main rea-
son for the drop is the doubling in
total productivity of U.S. agriculture
(the ratio of total outputs to total
inputs) in the past 40 years.

Passing up the chance to invest at
such high rates of return would be
poor policy. In fact, economists at
Virginia Polytechnic Institute re-
cently figured that lowering federal
funding for agricultural research by
10 percent for the next two decades
would cost American consumers
$6.14 in higher food costs for each
dollar saved by the government.

The studies of research as invest-
ment have varied widely in scope
and method. Some look at a specific

By L. W. Dewhirst, Director
Arizona Agricultural
Experiment Station

56% State funds

SOURCES OF RESEARCH FUNDS,
ARIZONA AGRICULTURAL

EXPERIMENT STATION
TOTAL: $12.8 MILLION

10% Federal appropriated funds

7% Private grants

26% Federal contracts and grants

crop in a specific country, such as
the pioneering 1958 study of hybrid
corn in the United States by Zvi
Griliches. He found a 35 -40 per-
cent annual internal rate of return for
hybrid corn research. Other studies
inspect international effects of re-
search in a crop, such as rice in Asia.

Costs and Benefits

Several researchers have eval-
uated the aggregate benefits of agri-

cultural research on all crops in
the United States. Willis L. Peterson
of the University of Minnesota, for
example, figured that the total gov-
ernment cost of research and exten-
sion work from 1910 to 1967, $9.4
billion, equaled only one -third of
the production costs saved in 1967
alone because of that work.

The Science article by Robert E.
Evenson, Paul E. Waggoner and
Vernon W. Ruttan last September



36% Efficient food

and fiber production

RESEARCH EXPENDITURES,
BY SUBJECT AREA,

ARIZONA AGRICULTURAL
EXPERIMENT STATION

8% Environmental quality

17% Natural resource

management

5% Human health and nutrition

3% Product marketing

0.3% International programs

4% Rural life

8% Product quality

18% Protection of crops, livestock
and forests from hazards

14% Other

13% Cotton

RESEARCH EXPENDITURES,
BY COMMODITY OR RESOURCE,

ARIZONA AGRICULTURAL
EXPERIMENT STATION

15% Soils, climate and
water resources

7% Beef cattle

7% Dairy cattle

5% Citrus

28% Other crops and plants

7% Vegetables

examined 32 of these studies and of-
fered reasons for the excellent rate of
return. One factor is the close con-
nection in agricultural research be-
tween work in basic sciences and
work in applied technology. Another
is the interaction of research with
the extension system for carrying
new knowledge and developments
directly to the people who can use
them, and carrying ideas for needed
research back to the scientists. The
extension factor contributes 25 to 66
percent of the total increase in pro-
ductivity in a variety of agricultural
products, according to a study by
University of Idaho economists.

The decentralization of the na-
tional agricultural research effort,
with substations in every state, helps
keep the research practical by
strengthening the connections
among basic science, technology,
extension and working producers.

Agricultural research is a long-
term investment. In a typical pattern
of benefits from research, the payoff
peaks six to eight years after the in-
vestment and continues another
eight or ten years. Benefits from
basic science research come more
slowly than those from technology
research, but the two strengthen
each other.

The increase in production has
been the primary benefit of agricul-
tural research. The demand for food
has risen with population and in-
comes, so without a corresponding
rise in supply, prices would have far
outrun inflation. But the benefits
take other forms, too.

Other Benefits

Advances in our understanding of
good nutrition have been linked to
agricultural research for many years.
Vitamin B -12, for example, was dis-
covered by a poultry nutrition re-
searcher. The Arizona Agricultural
Experiment Station directly funds
studies in human nutrition.

As public concern for health,
safety and environmental protection
has increased, reflected in the mush-
rooming of government regulatory
agencies, a growing portion of agri-
cultural research is directed toward



these areas rather than production.
Environmental impact studies, re-
peated testing of the effects of new
pesticides, and development of
techniques to reduce natural con-
taminants all require time and
money.

Current and planned work in pest
management is expected to reduce
the use of pesticides on 20 agricul-
tural commodities nationwide by 37
million pounds of active ingredients
per year. The reduction is possible
through better monitoring systems,
better timing of pesticide use, de-
velopment of resistant varieties, and
introduction of biological control.

10

Finding out how to grow crops
with a limited amount of water,
rather than finding out how much
water is needed for maximum pro-
duction, is another area of growing
emphasis in agricultural research.
Some of this work involves de-
velopment of entirely new crops.

While the scope of agricultural re-
search has increased significantly in
recent years, federal funding of this
research has not even kept up with
inflation for the past decade. The
1980 budget of the Arizona Agricul-
tural Experiment Station has less
purchasing power than the 1967
budget.

What does this mean to an aver-
age family? Fred C. White, Joseph
Havlicek, Jr., and Daniel Otto of
Virginia Polytechnic Institute
mapped out the dollars and cents.

A 10 percent reduction in federal
support for agricultural research,
maintained at the lower level for two
decades, would save $3.6 million
(1977 dollars) in tax money. That
would mean a savings of 39 tax dol-
lars for a typical family of four with a
$20,000 income. Over the same 20
years, however, that typical family
would pay $217 more for food than
it will have to if agricultural research
is not reduced.



Do Cows Give Less Milk If Given Worse Water?

The Answer May Change with the Seasons

In the winter, salty drinking water served about as well
as fresh tap water for a test group of dairy cows in Tuc-
son. In spring and summer tests, however, the salt water
cows gave slightly less milk than their fresh water con-
trol group.

UA dairy scientists Dr. Thomas N. Wegner and Dr.
James D. Schuh are now expanding their studies "to
determine the limits of how brackish -how salty -
drinking water can be and still be suitable for high -
producing dairy cows in Arizona," Wegner said this
summer.

He explained, "We started looking at this area be-
cause real estate and population pressures in the
Phoenix area have been pushing some of the big dairies
from locations where the livestock water was low in
total salts to the more outlying areas, where the wells are
deeper and the water is saltier."

The Baseline -area dairy farms that have been sold for
other uses had water with about 850 parts per million
(ppm) of salts (sodium chloride and other salts). Some of
the new dairy sites have dissolved salt levels of 4,000 to
11,000 ppm. The dairymen reported that cows slowly
got over their initial reluctance to drink the salty water,
but the farmers were not sure whether or not the change
had a lingering effect on milk yields.

For comparison: Phoenix's municipal water averages
551 ppm of salts; Tucson's 285 ppm. Two tablespoons of
table salt added to a quart of such water adds up to
about 4,000 ppm dissolved salt. Seawater rates 35,000
ppm total salts.

Earlier research had shown that beef cattle, sheep and
dairy cattle stay healthy on water with 10,000 or more
ppm total salts. Studies of salt water's effects on milk
yield had given ambiguous results and had generally
used low- producing cows -8 to 20 kilograms (kg) of
milk per day per cow (1 kg = 2.2 pounds).

Wegner and Schuh's tests at the UA experimental
dairy have used Holstein cows producing an average of
32 kg per day.

First, the scientists looked at the heifers' water prefer-
ences. Heifers had a choice between the farm's tap wa-
ter, with 450 ppm salt, or tap water to which sodium
chloride had been added, with the saltiness increased
each week. Up to the level of 2,500 ppm added salt,
they drank as much or more of the salty water as the
fresh water.

To test effects of salty water on milk yield, the re-
searchers did three experiments at different seasons and
using different salt concentrations. In each experiment,
five Holstein cows in early lactation drank only salty
water for four weeks while five others drank only fresh
water. Then the groups were switched for four more
weeks of testing.

Concentrations of added sodium chloride salt were:
for the December January test, 3,500 ppm; for the
April May test, 4,500 ppm; and for the July August test,
2,500 ppm. As illustrated in the graph, the salt water
cows drank more water than the fresh water cows in
each experiment. The difference was largest in the
summer test.

No significant difference in milk yield appeared be-
tween the salt water group and the fresh water group in
the winter (3,500 ppm) experiment. But, compared to
the fresh water drinkers, the spring salt water group
(4,500 ppm) gave 6 percent less milk and the summer
salt water group (2,500 ppm) gave 4 percent less milk.
Those differences were statistically significant at levels
of p <.05 and p <.10, respectively.
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So, these tests suggest a concentration of salt that be-
gins to cut into milk production in the summer is much
lower than one which does not affect winter milk pro-
duction. What is the explanation?

Water is needed for milk production, and Wegner
suggests that high summer temperatures place an extra
water requirement on the animal's system for cooling
and maintenance of body temperature. "In the past," he
said, "we've probably underestimated the amount of
water necessary for a cow to maintain its body tempera-
ture during hot, humid weather."

The salt water cows apparently had less water avail-
able for summer's increased needs than the fresh water
cows did, even though they drank more. Wegner ex-
plains: The extra salt load in their diet means they need
more water for kidney function to eliminate the added
salt load."

Matching tanks to hold fresh water and salty water were
installed for test measurements at the UA dairy farm in
Tucson.

In his experiments, the salt water cows had increased
salt levels in urine and feces, but not in milk or blood.
The extra salt intake did not affect milk quality.

Of the six test groups of cows -three fresh water and
three salt water -the highest correlation between milk
production and water consumption was for the group
that drank salt water in summer. The more water these
cows drank, the more milk they gave. This correlation
was lower in the other salt water groups and absent in
the fresh water groups. Wegner sees this as further evi-

Cows usually head for a drink as they come out of the
milking parlor.

dence that the increased water requirements for salt
excretion and for cooling limit the availability of water
for milk production.

In these experiments, the researchers had to refill
water tanks several times daily to keep a record of water
consumption. Now, they are altering the corral and
water system to make longer tests more practical.

We want to look at the effect of salt water through a
whole lactation period," said Wegner, "We'll see
whether the cows adjust to the added salt. Maybe the
milk yield will stay up in the summer if they've had time
to adjust. We need to follow seasonal patterns of water
and feed consumption, too. We'll even look at effects of
the salt water on breeding efficiency and on the calves."

The new setup will ease testing of other factors related
to water quality, such as metals, nitrites, nitrates or salts
other than sodium chloride.

If cows on salty water do continue to give less milk in
hotter months, the dairy scientists may look for ways to
minimize the problem. One possibility would be ma-
nipulation of the cows' diet, such as removing supple-
mental mineral salts from the feed mixture.

Knowing the limits of acceptability of water quality for
cows is important for future dairy management. "Own-
ers of dairies that are relocating now know that water
quality is a serious consideration," said Wegner. Even
dairies that do not move may have to drill deeper wells,
with saltier water, as ground water is depleted or
claimed for other uses.

He continued, "If the Southwest keeps growing as
people are predicting, there will be more competition
for water between people and animals. That con-
frontation will relegate all livestock to a lower quality
of water."



Cotton Dust Answer
May Be to Breed the
Bracts Off 'Em

By H. Muramoto
Associate Plant Scientist

Arizona Agricultural Experiment
Station

and
Guy Webster

Assistant Extension Editor

Cotton plants that drop their
bracts before harvest could help
solve the plant dust problem that is
linked to textile workers' brown -
lung disease.

Bracts are small, specialized
leaves adjacent to the flower and,
later, to the cotton boll. Picked along
with the boll by mechanical harves-
ters, the brittle bracts get pulverized
in the ginning process and become a
major ingredient in cotton dust. The
U.S. Occupation Safety and Health
Administration has labeled cotton
dust one of the five most important
target health hazards in the country.

Two wild relatives of cotton from
Baja California have bracts that fall
off before the boll opens, but these

plants do not produce cotton fiber.
At the University of Arizona, a cross
between one of these wild plants
and a commercial variety of cotton
was made. After a decade of selec-
tion, cotton plants that drop bracts
before the bolls open were isolated.

Now, through a backcrossing pro-
gram, we are trying to breed a
bract -dropping cotton that has
commercially acceptable growth,
yield, and fiber properties. A new re-
search grant from the National Insti-
tute for Occupational Safety and
Health boosts the chances for suc-
cess during the next few years.

Brown -lung disease, also called
byssinosis, strikes an unknown
number of textile workers. Victims
include workers in linen, jute and
other fibers, as well as cotton. Their
chests tighten, they cough, and their
bronchial tubes shrink, typical
symptoms of allergy. By federal es-
timates, nearly a quarter -million
Americans are potential byssinosis

victims. The North Carolina Public
Interest Research Group more than
triples that estimate. Most cotton
from Arizona is spun in other coun-
tries, where workers lack the advan-
tage of the dust -control regulations
recently set for American textile fac-
tories.

Byssinosis Research

The exact cause of byssinosis re-
mains unknown, but evidence fin-
gers cotton bracts as an important
factor. About two- thirds of identifi-
able cotton dust comes from bracts.

Above: Dr. Hiroshi Muramoto
checks unopened cotton bolls on
a test plant growing in Tucson.
Bracts have dropped off of the
two bolls between his hands, but
not yet from the one at upper
right.
Page 14: Bracts are the sharply
lobed, modified leaves at the base
of cotton flowers and bolls.

13



Studying byssinosis in 1966, Drs.
Arend Bouhuys and P. J. Nicholls of
the Department of Epidemiology
and Public Health at Yale University
School of Medicine prepared water
extracts from bracts, regular leaves,
stems and other components of cot-
ton dust and tested the extracts on
human volunteers. Only the bract
material caused the allergy symp-
toms of byssinosis.

The identity of the chemical that
stimulates the allergic reaction is still
uncertain. Dr. Ragnar Rylander of
Sweden has offered evidence that it
may be a toxin produced by bacteria
that live in the dust. Research at
Mount Sinai Hospital in New York
has pointed to a compound called
lacinilene C -7 methyl ether that is
present in dried bracts but not in
green ones.

Bouhuys and Nicholls have
suggested that cotton breeders de-
velop a bractless cotton, but none of
the world's four cultivated species or
30 wild species of cotton is bract -
less.

Bracts are modified, leaf -like ap-
pendages. They cover the bud,
called a "square" on cotton. The un-
furling petals force the bracts apart,
but the bracts later close back in to
cover the young boll. They open a
final time, and wither as the boll rip-
ens, but they remain attached. On
two wild species from Baja Califor-
nia, called G. harknessii and G. ar-
mourianum, the bracts fall off before
the boll reaches maturity. On culti-
vated cotton, even the chemical de-
foliants applied before mechanical
harvesting to do remove the bracts.

A bract that falls off early is called
"caducous," similar to the word de-
ciduous that applies to oak leaves
and baby teeth.

The caducous -bract G. ar-
morianum cotton was crossed with
the cultivated species G. hirsutum
ten years ago. One complication
was that the wild species has two
sets of chromosomes (diploid), and
the cultivated one has four sets (tet-
raploid), so the offspring has three
sets (triploid). Since the three sets

can not divide evenly for reproduc-
tion, that offspring is sterile.

Quality Selection

Fortunately, a chemical called
colchicine can double plants'
chromosome numbers. Cells of the
offspring cotton were treated with
colchicine. The resulting variety
with six sets of chromosomes
(hexaploid) is not sterile.

For five generations, the hexa-
ploid plants grew in the field and
pollinated freely. This allowed
natural selection for fertility to take
place. Some of the plants dropped
their bracts. Others did not. In 1974
and 1975, three caducous -bract
plants were selected for a closer
look. Fibers from their bolls were
short and weak.

Seeds from these three plants
were grown in 1976. Five of the re-
sulting 24 plants were caducous.
Seeds from these five, planted the
next year, produced a higher propor-
tion of bract -droppers, including
some with acceptable fiber strength
and fiber fineness, but not fiber
length.

Attempts to develop a caducous -
bract cotton with commercial poten-
tial are proceeding on two tracks.
Repeated selection for desirable
traits in successive generations of
the plants with six sets of chromo-
somes is one track. The other is
crossing the caducous, hexaploid
plants with other cottons that al-
ready have the desired growth and
fiber qualities.

One aim in the first process is
to produce a true -breeding,
caducous -bract plant, one whose
seeds all grow into bract -droppers.
Seeds from 1978 selections, planted
in 1979, produced up to 50 percent
caducous offspring, with one pro-
geny breeding true. Fiber quality in
the 1978 selections is better than
that of the 1977 selections.

Numbers Game

Caducous selections with six sets
of chromosomes have been crossed
with five different commercial var-

ieties of cotton. In the second and
succeeding generations, offspring
are selected that have caducous
bract and other desired traits, and
these selections are backcrossed to
the commercial variety. Up to four
generations have reproduced in our
various backcross lines.

Trying to breed the bract -
dropping trait into a commercial cot-
ton variety is, in part, a numbers
game. The number of times the
genes are suffled by genetic crossing
increases the odds of getting the
right deal of the genes.

The new research grant will allow
growth and testing of many more
plants each year, including a second
crop in a greenhouse. Flowers on
each plant to be crossbred must be
pollinated by hand to prevent the
self -pollination that is normal in
cotton.

One advantage this project has
over other breeding work is that
caducous trait is easily identified.
Also, the number of genes that gov-
ern it appears to be small.

Whether the breakthrough will
come next year or a few years later is
impossible to predict, but we are op-
timistic that a commercial variety of
cotton that drops its bracts before
harvest will be available to farmers
in the 1980s. That will be a big step
toward a cleaner cotton and control
of brown -lung disease.



4 -H'ers are Turning a Piney Slope into a

Water Faucet For Their Camp Near Williams

Pinal County 4 -H campers have prepared since 1975
for a harvest in Coconino County -a water harvest.
They plan to be drinking to their success next summer.

The campers at the Pinal County 4 -H Camp between
Flagstaff and Williams are building a water project to
capture runoff precipitation from the piney hillsides. The
last major step, lining the 400,000 -gallon storage pond
with a butyl rubber sheet, should be completed in the
1980 summer, county 4 -H agent Woodie Winans said
recently.

Carolyn Thomas (right) and Terry Kisto of Sacaton haul a
basket of rocks out of the bottom of the empty pond
during a 4 -H camp session in July 1979.

The water project will provide not only some hands -
on lessons about conservation and cooperation, but also
a usable water supply for the camp. Since the camp was
founded in the Kaibab National Forest 12 years ago, it
has had to buy water by the truckload. About 30 gallons,
at a penny and a half per gallon, are used daily for each
person at the camp. Avoiding waste is a recurring theme
at the camp sessions. Winans asks campers to shower
only once or twice during their week in the woods.

The Bill Combs family of Queen Creek donated the
site for the camp. Roy Swisher of Coolidge guided its

early development. In recent summers, each of the two,
one -week, regular sessions at the camp has drawn about
50 Pinal County 4 -H'ers from other counties, too. Of the
60 junior leaders at each of the 1978 and 1979 sessions,
about half were from Yavapai, Yuma, Mohave or Gila
counties.

Other groups use the camp, too. Marching bands from
Casa Grande Union High School and Tempe's Marcos
De Niza High School have borrowed it fora week of the
past two summers. This July, the Youth Conservation
Corps from Central Arizona College spent a week there.
The visiting groups each learn about and put in some
work on the water project.

4 -H'ers have been planning and working on the water
project for four years, drawing on advice from University
of Arizona, Forest Service and Soil Conservation Service
resource people.

300 -acre catchment

The pond which is the focus of the project is fed by an
800 -foot -long, rock -lined channel that has been pre-
pared along the bottom edge of a 300 -acre hillside. The
catchment area is unmodified pine forest. To minimize
silting -in of the storage pond, the runoff water slows
down in a broad settlement basin before it enters the
storage pond. Water can also be shunted away from the
settlement area and pond if the pond is already full.

Doug Cole, a Coolidge 4 -H'er who has worked on the
project since it began, said recently that the most re-
warding moment so far was seeing the water from winter
and spring runoff in the pond last June. "It was good just
to see that it actually does work," he said. Since the
pond was not lined or covered, however, this year's har-
vest had seeped out and evaporated by mid -July.

About 200 old tires piled near the settling basin are
relics of a plan to line the pond with a plastic sheet held
in place by a layer of tires. This year, however, that plan
was traded in for one to use a butyl rubber liner that
should last twice as long as the tires and plastic would
have. The cost of getting the liner is the major remaining
hurdle for the project, said Winans.

Though he often inspires the campers with predictions
of the shimmering blue water, the pond will be covered
with styrofoam floats to cut down evaporation losses.
For use at the camp, the water will be filtered through
sand and charcoal, then chlorinated.



Water from the pond will also feed a wildlife drinking
tank in a sheltered spot 150 feet further from camp. UA
Extension wildlife specialist John Stair has helped the
4 -H'ers plan this part of the project. A wind -powered
pump will deliver the water to the wildlife tank.

Dr. Sol Resnick, director of the UA Water Resources
Research Center, has given crucial help in planning the
water project. He met with camp workshops in 1975 to
consider alternative water -supply options. One plan for
a well in the adjacent valley was rejected as not de-
pendable enough. Resnick and others at the research
center have helped collect and analyze data on the
physical characteristics of the camp area. The Soil Con-
servation Service analyzed soil samples. Ranger Dick
Pellissier of the Chalender District of the Kaibab Na-
tional Forest has also helped with the project at several
stages.

Pinal County 4 -H'ers Eddie Akers and Scott Cassels in-
stall an inlet gate for the water project. Water can be
diverted if the pond is full.

Support back home

Work on the project by 4 -H'ers and supporters has not
been limited to one -week bursts up in Coconino County.
Lots of the planning and backing takes place back home
in Pinal County.

June 1979 campers clear the slopes of the pond. Last
year's snowmelt put hundreds of gallons of water into
the unfinished structure.

Doug Cole and Eloy 4 -H'er Dominic Facio serve with
10 adults from around the county on the Water Project
Steering Committee, including Bill Tanner of Casa
Grande, president of the Pina County 4 -H Clubs, Incor-
porated. Fundraising projects by community 4 -H clubs
have helped buy necessary materials. A 1977 bike -a-
thon in Casa Grande raised about $1,000 for the water
project and an equal amount for the city's centennial
celebration this year. Another bike -a -thon in Maricopa
raised $300 in that small town, and a third in Florence
this spring added $1,000 to the pot.

Many other donations of time, materials and money
have come from individuals and organizations in the
county, Winans reports. The Casa Grande Kiwanis Club,
the Florence -Coolidge Natural Resources Conservation
District, and the Kennecott Copper Corporation have
been supporters. Howard Wuertz of Coolidge and Oliver
Anderson of Maricopa spearheaded a donation drive
among farmers and friends of 4 -H.

The 4 -H'ers involved with the project have learned
some basic lessons about soils, water and watersheds.
Some have learned new skills. Doug Cole, for example,
learned surveying. Another lesson is more general. As
Cole put it, "The project really shows how a volunteer
effort can succeed when people put their minds together
to get something done."

Curt Cassels, 18, of Casa Grande, was the camp direc-
tor this summer, and has worked on the water project
since its inception. "It's something that 4 -H'ers of today
can do for the 4 -H'ers and other people who will be here
10 or 20 years from now," he said. "They will see some-
thing that we've done that we're proud of."



CIARIZONANS YOU SHOULD KNOW

The following six Arizonans received the Distinguished
Citizen's Award at the College of Agriculture Recognition Day
this year.

Fred T. Boice of Tucson is president of the Arizona Cattle
Growers Association and vice president of Cattle Fax, the
research and information arm of the National Cattleman's
Association. He has given talented leadership to many com-
munity activities, and superintended the Junior Division of the
Arizona National Livestock Show. A UA alumnus himself, two
of his children have also attended the university.

Dalton Cole, Jr., of Coolidge, a third -generation Arizonan, is
a leader in progressive agricultural production practices. His
farm is the site of the world's largest solar -powered irrigation
system, dedicated in October. He is a director of the Pinal
County Pest Management program, the Central Arizona Proj-
ect Association, and his local Natural Resource Conservation
District. He chaired his county 4 -H Board for two years.

William Corpstein of Phoenix is president of the Valley Seed
Company, which has given strong support in the development
of new varieties of wheat, barley and alfalfa. While a director
of the Pacific Seedsmen's Association, he helped the College
of Agriculture develop a curriculum in seed industry manage-
ment. His company and that association have given scholar-
ships to seed management students.

Betty Clark Grounds, a second -term member of the
Kingman City Council, was one of the first 4 -H leaders in
Mohave County and has remained one for 10 years. She is a
director of the UA Alumni Association, and has been president
of the Mohave County Fair Commission, the Mohave County
Cancer Society and the Mohave County Cowbelles.

James J. Sossaman of Higley, majority whip of the Arizona
House of Representatives, is a past president of the Maricopa
County Farm Bureau and the Queen Creek School Board. His
Sossaman Farms were the site of important wheat variety test
demonstrations in 1966. Now, he is a director of the Arizona
Cotton Growers Association and the Agri- Business Council of
Arizona.

James Tidwell of Globe was instrumental in getting an
economic impact study done for Gila County by the UA
Department of Agricultural Economics. He is a past president
of the UA Alumni Association and a second -term member of
the Gila County Extension Advisory Board. A former rancher,
he continues to help other Gila County ranchers work with
the Forest Service on grazing management problems.

KNOWLEDGE IN THE MAKING

IN ENTOMOLOGY, Dr. Theo Watson and Dr. Leon Moore
are tempting tobacco budworms to their deaths by mixing a
bacterium called bacillus thuringiensis with an appetite
stimulant for the worms. The budworm is one of the most
damaging cotton pests in the state, and has become increas-
ingly resistant to chemical insecticides in common use. The
bacterium can kill the worms, but is harmless to beneficial
insects and other animals. The worms must eat the bacterium
to be killed, so the researchers are blending it with a
cottonseed -based feeding stimulant developed by Dr. Randy
Bell at the USDA Cotton Insect and Physiology Lab in Phoenix.
Test results from 1979 fields were promising, and testing will
continue in 1980.

IN NUTRITION AND FOOD SCIENCE, Dr. Don Bourque
has been studying soluble protein from plant leaves as a poten-
tial food source for people. He has extracted a highly nutri-
tious, nearly flavorless protein called Fraction One from the
leaves of alfalfa, spinach, tobacco, corn, cotton, potato, to-
mato and several native Arizona weeds. Commercial de-
velopment and use of this extraction process is believed to be
possible within five years. Crops that are grown for their fruit,
seeds or roots actually have more protein in their leaves, which
are now discarded, than in the parts that are now harvested.

PLANT SCIENCES AND AGRICULTURAL ECONOMICS re-
searchers worked together to study aspects of the prolonging of
harvest periods for Arizona -grown grapefruit and Valencia
oranges. Arizona citrus usually gets a better price if it can be
sold at a time other than the peak harvest in other states. Dr.
Albert Huff and other horticulturists monitored several factors
in fruit quality throughout protracted harvesting periods.
Though vitamin C and juice contents declined in grapefruit
after February, other quality features improved during the
spring. Ripe Valencia oranges begin to turn green again after
March. Economist Dr. Roger Fox found that this regreening has
not been a serious economic problem even though the peak
of the state's Valencia harvest has shifted from March to April
and May. Almost half of Arizona's Valencias, including some
with fresh -market quality, are sold for processing rather than as
fresh fruit.

IN RENEWABLE NATURAL RESOURCES, Graduate Re-
search Assistant Bruce McIntosh has begun a five -year study of
elk and cattle grazing habits on a range area near the Mogollon
Rim. The study should help answer controversy about whether
the presence of cattle tends to move elk out of their range. The
study will compare an area in which elk are the only grazing
animals to an area supporting both elk and cattle. Field obser-
vations of elk and cattle compatibility will supplement analysis
of forage in these areas.
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