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More Cotton on Half the Water
Drip irrigation, like the module builder did about 10 years ago, has

caused a stir among Arizona cottonmen.
Take it from Howard Wuertz, a UA graduate in agricultural

engineering: drip lines under cotton rows save both water and nitrogen
fertilizer. With the 1981 harvest, the Pinal County grower completed
his second year of experience with drip irrigation. In 1982, based on
past successes, he expects to use drip lines under many more acres to
replace conventional open furrows as the water-delivery system for
thirsty cotton plants.

Why? The answer is easy. For example: On land where his past
cotton yields have averaged two-and-a-quarter to two-and-a-half bales
per acre, 1981 yields with drip irrigation ran 4.6, 4.71 and 4.41 bales.

"On half the water, half the fertilizer," exclaims Charlie Schultz,
farm manager at M and W Farms, the name for Wuertz's operation.
Assistant farm manager Scott Tollefson, a UA graduate in entomology,
handles the day-to-day drip irrigation management.

Sam Stedman, Pinal County agricultural extension agent, volun-
teered the estimate recently that "we'll see at least 200 acres of drip
irrigation for cotton in Pinal County during 1982." Tollefson predicts
more than 500 acres when you add Maricopa and Yuma counties.

By R. G. Fowler
Agricultural Communications

Photograph: A crew lays drip irrigation
tape at Fred Enke's Pinal County cotton
farm. The perforated strip reels off of
a spool into a furrow cut by the machine.
Then the furrow is covered. (Photos by
R.G. Fowler.)
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Howard Wuertz, right, answers questions
from Phoenix television reporter Kathy

Mann about high yields from the cotton he
grew with drip irrigation.

Where furrow irrigation every seven to 10 days allows alternate
wetting and drying, a drip system that provides water daily more nearly
keeps the cotton plant in a perfect growing environment. In the Wuertz
operation, the system is also used to nurse cotton plants along with
drip-run nitrogen.

His drip-fed cotton took 80 to 92 units of nitrogen per acre.
Meanwhile, his average on conventionally watered cotton was 159
units. That difference translates into a dollar saving of more than $20
per acre.

On the water side of the well-known "bottom line," Wuertz
produced his yield bulge on just 31 acre-inches of drip-applied water.
Compare that with an average 69 acre-inches for his furrow system.
Again, you find a savings. M and W Farms values irrigation water at
$2.50 per acre-inch, so with a 38-acre-inch difference in water needs,
you're looking at an important $95 an acre.

Atop the two savings, the extra yield per acre adds up to a higher
gross, although with current low prices the 1981 cotton crop is hardly a
bellringer in terms of dollar return.

No, a drip system doesn't come cheap. At M and W Farms, Wuertz
figures that installation for a computer-based system with pumps, filters
and associated hardware along the drip lines has cost about $800 an
acre. After his 1980 experience with lighter-weight plastic, he put down
drip lines last year that are heavier-a 15 mil, double walled tape-and
expects to use them again in 1982, and possibly in 1983. At this point,
no one really knows how long they will last.
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Wuertz experimented with three tape depths during 1980, but
settled on six inches for 1981. The tape, which costs about two-and-a-
half cents per foot, is unreeled behind a tape-laying machine that both
digs the furrow and covers it behind the in-place tape. In relation to the
growing cotton plants, the tape is buried almost directly below the seed
row. For the 1981 tests, runs extended 600 feet.

Seed of the Deltapine varieties DP 61 and DP 41 was planted at a
rate of 15 pounds per acre. "We had emergence in just four days," says
Tollefson, accounting for it by the fact sub-surface release of water
reduced evaporative cooling of the soil in the seed zone.

Tollefson foresees that underground release of water will eventual-
ly reduce germination of weed seeds. He has already concluded that a
comparative lack of humidity has reduced populations of insects, both
good and bad. "We had double the insect pressure in our furrow-
irrigated cotton," he says.

Here are results from Wuertz's 1981 "test plots"-four 2.7-acre
plantings watered by drip systems from different control valves, plus a
furrow-irrigated, "check" plot of 2.7 acres (Yield figures combine two
pickings and a salvage operation.):

Valve I - Variety: DP 61. Yield averaged 4.6 bales per acre. That
means 6.7 acre-inches of water and 17.4 units of nitrogen fertilizer
produced one bale of cotton.

Valve II - Variety: DP 41. Yield: 4.71 bales per acre, meaning
6.62 acre-inches of water and 17.19 units of nitrogen per bale.

Valve VIII - Variety: DP 61. Yield: 4.41 bales per acre, meaning
7.0 acre-inches of water and 20.5 units of nitrogen per bale.

Valve IV - Variety: DP 61. In this plot, the tape was spaced 80
inches apart with centers in the bottom of alternate furrows. Total
water use was higher than in other drip plots, 51.3 acre-inches. Yield
was lower, 3.66 bales per acre, which comes to 14 acre-inches of water
and 17.21 units of nitrogen per bale. "This system is 'out' for '82," says
Wuertz.

"Check" plot - Variety: DP 61. Yield: 4.3 bales per acre, using
19.78 acre-inches of water and 36.98 units of nitrogen per bale. In a
3.3-acre adjoining plot with conventional furrow irrigation, yield
averaged 3.87 bales per acre, using 22 acre-inches of water and 41.09
units of nitrogen per bale.

Wuertz has big plans afoot for drip irrigation in the 1982 growing
season. In addition to expanding to 170 acres with the buried drip tape,
M and W Farms will try the Israeli drip system in 10 other acres. With
that system, as irrigation time approaches, drip tape is rolled out on the
soil surface, then it is reeled back in before mechanical pickers lumber
into the field at season's end.

March 1982

Wuertz at the computerized control board
for his drip irrigation system.
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Muscles, Meat and Medicine
By Guy Webster What some scientists in the College of Agriculture are learning

Agricultural Communications about muscles could make meat production more efficient and help
fight human ailments such as muscular dystrophy.

The studies range from basic research, such as how muscle cells
make and break their own structural proteins, to applied projects,
such as finding better ways to measure the ratio of protein to fat in
beef carcasses.

Most of the work focuses on skeletal muscle, the familiar type
that moves a body's bones and makes up most meat. Some other re-
search looks at smooth muscle, which controls the workings of most in-
ternal organs.

The fibers of skeletal muscle are formed by separate precursor
cells fusing together. The nucleus of each precursor cell becomes part of
the fiber. (See photo on this page.) This happens during embryonic
development, but continues after birth. The number of cells that have
fused into one muscle fiber determines how much protein can build up
in that fiber. Thus, these muscle precursor cells in the muscles of young
animals play an important role in muscle development.

UA biochemist Dr. Ronald E. Allen is growing muscle precursor
cells in laboratory dishes. When the cells are given the right conditions,
he can watch them multiply and fuse into fibers under the microscope.
The fibers even start twitching like tiny muscles. Allen is using this

A microscopic view shows individual system to study hormones and other factors that affect the rates at
muscle-precursor cells in a laboratory dish which the isolated cells multiply and form fibers and the rate at which

fusing together to form muscle fibers. the fibers accumulate protein. He works in both the Animal Sciences(Photo by Ron Allen.)
and the Nutrition and Food Science departments.

While skeletal muscles grow, they also limit their own growth
by breaking down their own protein. This dismantling goes on all the
time, even in healthy animals. Its purpose is still unclear to research-
ers, and its speed has been discovered only recently. For example,
about a tenth of the total muscle protein in chickens or rats is broken
down and rebuilt every day.

"If you run a marathon, about one-fourth of the muscle protein
you start with will be degraded by the time you finish," says Dr.
Darrell E. Goll, head of the Nutrition and Food Science Department.
Muscles can rebuild the proteins quickly, but that takes energy.

Goll has been studying the breakdown of muscle protein for
about a decade. He and co-workers discovered a calcium-activated en-
zyme in muscles that destroys proteins crucial to the structure and con-
traction of muscle fibers.

Recently, Goll has found that the protein-busting enzyme exists
in two forms, an "on" form and an "off" one. He has purified both
forms and is analyzing their differences. He has also found and puri-
fied an "inhibitor" protein that can stop the enzyme.

Arizona Land & People



Meat and Medicine
Both Allen's and Goll's projects raise possibilities for better pro-

duction of meat. Either accelerating the buildup of protein in muscles
or slowing its breakdown could increase the efficiency and speed with
which livestock animals turn feed into meat.

Due to the continual breakdown of muscle protein, says Goll,
"approximately 40 to 75 percent of the food energy taken in by ani-
mals each day is used just to replace the degraded protein without con-
tributing to net muscle growth." He estimates that reducing the activity
of the protein-breaking enzyme "could double feed efficiency and in-
crease the rate of muscle growth by 50 percent."

Even before it becomes possible to artificially alter the rates of
protein buildup or breakdown, the research could pay off with chemi-
cal tests for measuring Goll's enzyme or its inhibitor in living animals.
Such measurements could be helpful in selective breeding.

Better understanding of muscle growth and degradation has med-
ical value, too.

The muscle precursor cells that Allen studies are important in the
healing of muscle injuries. When muscle fibers are killed, the precur-
sor cells can form new fibers. Finding ways to hasten the cells' repro-
duction might speed the healing process.

Also, Allen is checking the changes in precursor cells as muscles
age. Old muscles begin to shrink in size, and this may be tied to a de-
cline in precursor cells. "Growth and atrophy may be different aspects
of the same biological process," he says. "We'd like to forestall the pro-
cess of senile muscle atrophy so older people could maintain their vi-
tality, activity and independence."

Dr. Ron Allen checks laboratory cultures
of muscle cells. (Photo by Ted Bundy.)
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These pictures show the destruction of a
portion of muscle fiber structure by a

specific protein-breaking enzyme found in
muscles. Left: diagram of fiber components,

showing "Z" lines perpendicular to fila-
ments of contractile proteins. Center:

intact muscle fiber. Right: muscle fiber after
degradation by the calcium-activated
enzyme. The dark "Z" lines are gone.

(Electron micrographs by Darrel Goll. Draw-
ing by Hector Gonzalez, adapted from G.

H. Bourne, The Structure and Function of
Muscle.)

Goll's discoveries about the protein-destroying enzyme in muscle
are shedding light on muscular dystrophy and the damage to heart
muscle following a heart attack. Both of these medical problems in-
volve abnormal breakdown of muscle protein.

Another member of the Nutrition and Food Science Department,
Dr. David J. Hartshorne, is learning how the contractions of smooth
muscles are controlled. Smooth muscles are vital to the functions of
the digestive tract, blood vessels and many other organs. They are not
understood as well as skeletal and heart muscles, though.

Hartshorne and his co-workers have helped explain how a protein
called calmodulin works in switching smooth-muscle contractions on
and off. Understanding this control process has extra value because cal-
modulin also regulates enzymatic activities in many types of animal and
plant tissues other than smooth muscle.

Calmodulin works by binding with an ion (an electrically charged
atom) of calcium. Calcium ions are also needed to activate Goll's pro-
tein-destroying enzyme and are essential to the formation of muscle
fibers from precursor cells. Better understanding of calmodulin may
help explain how calcium works in these other processes.

Muscles and Meat
UA meat scientist Dr. John A. Marchello studies muscle growth in

order to answer some specific questions about how cattle should be fed
to produce beef efficiently.
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A striking inefficiency in the beef industry today is the amount of
waste fat production that is encouraged by the grading standards for
meat cuts and carcasses. Marche llo is looking for an alternative way to
evaluate carcass quality and for a way to tell, in living cattle, when an
animal has stopped using feed for muscle growth and started putting on
fat.

Some fat is needed for protecting the animal and carcass and for
improving the taste and texture of the meat. "But we're getting a lot of
waste fat on cattle now that really isn't necessary," says Marche llo.
Beef carcasses are commonly one-fifth or more fat before they are
trimmed. Consumers are satisfied with meat from carcasses only half
that fatty, according to tests Marche llo has helped run in Arizona and
Texas. The difference between 20 percent fat and 10 percent fat on the
amount of beef produced in the United States adds up to about 3,000
tons of unneeded fat a day.

Each pound of fat an animal puts on requires almost twice as
much feed as putting on a pound of muscle. But meat packers want
cattle that give a high ratio of dressed-carcass weight to live weight,
and that means cattle with lots of fat.

"We need a more objective way of evaluating the quality of a
carcass in terms of the meat on it," says Marche llo. "It should be a
fast and accurate measurement of composition, so the packer can know
exactly what he's buying."

Marche llo tested different wholesale cuts of beef to see which
could give a good indication of the protein, fat and moisture content of
the whole carcass. Among others, the flank is a good indicator, and it is
an inexpensive cut that is easily removed from the carcass. To make
evaluation simpler, Marche llo is now working on designs for an instru-
ment to measure the flank's composition electronically on an intact
carcass.

Meanwhile, he and researchers at Utah State University are cooper-
ating on a project this winter to check the pace of muscle and fat
growth of cattle in a feedlot. They are measuring precise carcass compo-
sition of cattle slaughtered before feeding or after four different feeding-
period lengths to see how the cattle use the feed energy. By earlier ex-
timates, less than a fifth of the feed energy goes into increased car-
cass weight. The current project aims to break that down into how
much goes into lean meat, how much into fat and how much into bone.

By analyzing blood and tissue samples taken throughout the feed-
ing period, the scientists also hope to find a practical way to tell when
muscle growth slows down and fat deposits begin to thicken.

This part of Marchello's project relates closely to some of Allen's
research on muscle fiber formation and growth. Allen is even using
tissue samples from the same cattle. He is checking the matchup
between the number of nuclei in muscle fibers and the eventual amount
of muscle growth.

Marche llo predicts, "Learning these factors in an animal's body
that control muscle growth and fat deposition will help us get more
efficient meat production."

March 1982

For determining the composition of a test
beef carcass, student Brian Roberts
separates muscle from bone at the UA meats
lab. (Photo by Ted Bundy.)
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Busy Arid Lands Group
Adds to College's Diversity

Photograph: Bryan Brown of the Applied
Remote Sensing Program scans an area

at the western end of the Grand Canyon.
Ground-level surveys of plant varieties at

selected sites were matched with high-
altitude photos to draw up detailed

vegetation maps for the whole national
park. (Photo by Peter Warren.)

The UA Office of Arid Lands Studies (OALS), with projects rang-
ing from Tumble logs to data base access, has joined with the College of
Agriculture.

UA President Dr. John P. Schaefer announced the merger in No-
vember. OALS had been an independent unit since its start in 1964.
With the merger, OALS Director Dr. Jack D. Johnson became an as-
sociate dean of the College of Agriculture.

Not all OALS programs are agricultural. But, said Johnson, "We
are very committed to a better utilization of arid areas, and the best
way to use them in many cases is by increasing agricultural use through
developing new agricultural crops and technologies adapted to arid con-
ditions. This type of work is within the function of the College of Ag-
riculture." Nearly a fourth of the world's land is desert, chaparral or
shrub land where conventional crop production is limited.

OALS and the College of Agriculture have shared several desert
agriculture projects in the past. "However," said Ag Dean Dr. Bartley
P. Cardon, "our cooperation has been limited somewhat by not being
in the same administrative unit. By joining the two parts into one
whole, we'll have a more concerted approach."

Most OALS projects are interdisciplinary efforts to meet specific
types of needs. Current work is in four major programs: the Bioenergy
Research Facility; the Applied Remote Sensing Program; the Labora-
tory of Native Development, Systems Analysis and Applied Technolo-
gy; and the Arid Lands Information Center. The office also administers
a Ph.D. program in Arid Lands Resource Sciences that offers students
wide choices for specialization.
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Energy and Chemicals From Desert Plants
The 40-acre Bioenergy Research Facility (BRF) near the Tucson

International Airport has become the center for OALS efforts to eval-
uate plants that can grow under arid conditions and be useful sources
of chemicals or energy.

The facility has been designed to handle every aspect of develop-
ing new bioenergy crops, from initial selection of plants to design of
commercial-scale processing equipment.

With funding from the Diamond Shamrock Corporation and other
sources, BRF has screened more than 200 species of arid lands plants.
The screening has identified several categories of plants that produce
high levels of commercially valuable chemicals, says BRF Director Dr.
Joseph J. Hoffmann. The next steps are finding the best ways to grow
some of these selected plants and the best ways to process and use their
valuable components.

Two potential arid-land bioenergy crops that are further along in
development than most others are gopher plant and tumbleweed. Each
represents a different developmental approach and a different type of
product.

Before 1978, gopher plant (Euphorbia lathyris) was found to con-
tain hydrocarbons similar to crude petroleum. However, it is not native
to the hot Southwest and the first test plantings here succumbed to
fungal disease aggravated by heat and water stress. Two years of study-
ing the plant's growing needs paid off with a winter crop last year that
produced six tons of dry matter per acre with about 28 inches of irri-
gation. Knowing the growing requirements of the plant in addition to
its chemical content has allowed more complete assessment of its
economic potential. For gopher plant, the potential now looks lower
than for some plants that are native to the Southwest, according to
Hoffmann.

Growing tumbleweed is no problem. Southwestern farmers
plagued by this quick-spreading plant have trouble getting it not to
grow. It is tolerant of heat and drought. The bioenergy developers'
task has been to find a way to use it as fuel, since it does not produce
any valuable chemicals to be extracted. At the BRF, tumbleweed is
being chopped up, then pressed into a cylindrical shape and cut into
convenient lengths for use as logs in fireplaces and woodstoves. These
"Tumble logs" have been distributed in Arizona this winter for testing
consumer acceptance.

Other plant material such as pecan hulls, cotton gin trash or the
leftovers after valuable chemicals have been extracted from hydrocar-
bon crops, can also be pressed into logs or other forms for burning. One
aim of BRF researchers is to see that every part of the plant gets used
some way. Fermentation to produce alcohol and bacterial digestion to
produce methane are other methods being tested for turning appro-
priate biomass into useful fuels.

All of the plants being studied as possible energy crops are intend-
ed for use on currently non-productive land, says Hoffmann. Plants
that need little or no irrigation and those that can use salty water get
the highest priorities for development.

The increasing costs and dwindling supplies of fossil fuels will
increase the value of renewable bioenergy. Finding ways to grow
economical energy sources on arid land could put that land to good use
and help keep productive land elsewhere free to grow food.

Research assistant Sergio Luna checks the
progress of an extraction process on the
Bioenergy Research Facility's batch ex-
tractor. (Photo by Ted Bundy.)
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Right: At the Bioenergy Research Facility,
Dr. Barbara Timmerman percolates sol-

vents through samples from various desert
milkweeds to extract and compare hydro-

carbon chemicals in the samples. (Photo by
Ted Bundy.)

Below: The milky latex from a gopher
plant leaf contains some of the valuable

components of crude petroleum. (Photo by
Paul Mirocha.)
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OALS Associate Director Dr. Kennith Foster notes, "A critical
link in the development of a new industry is an assessment of the social,
environmental and technological impact of that industry." He has led
technology assessments for both jojoba and guayule to anticipate how
these fledgling industries may affect the state and nation. Now he is
leading a similar project involving the developing guayule industry in
Mexico.

Studying the Earth from the Air
The Applied Remote Sensing Program (ARSP) of OALS special-

izes in the use of information from satellites and aircraft for studying
and managing natural resources in arid lands. ARSP experts have helped
many public agencies in Arizona, other states, and other countries. The
program also emphasizes the teaching and improvement of remote
sensing techniques.

Landsat satellites continuously measure the light and other rays
reflected by the Earth. They can record this reflected radiation at
several different wavelengths from an area as small as 1.1 acre. Such in-
formation, along with aerial photography, is the raw material of remote
sensing. "Analysts add enough on-the-ground observations to under-
stand what the various patterns on aerial photos or satellite images
signify in terms of physical features such as vegetation types or land
uses," explains ARSP Director Dr. Charles F. Hutchinson. "Other infor-
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mation, such as land ownership or climate data, can be included in the
analysis, too."

ARSP uses these techniques to answer specific natural resource
questions on contract or on request. Last year, for the State Land De-
partment, ARSP's Linda Leigh determined a way to inventory mes-
quite trees using satellite data, then mapped mesquite growing in the
Altar Valley southwest of Tucson. The map shows mesquite growth
according to amounts of wood being produced, and indicates land
ownership.

Similarly, ARSP has mapped dust sources around Tucson and soil-
erosion sites in Tanzania, among dozens of other projects. Many of
these problem-solving projects require innovations in the techniques for
analyzing remotely sensed data.

Vegetation maps prepared by ARSP for Grand Canyon National
Park have helped the Park Service save time and money. The maps
were finished last summer after four years of work that included on-
the-ground surveys of plants at nearly 1,500 sample sites. The park
has more than one million acres, and much of it is virtually inaccessible
for direct field studies. However, by using remote sensing techniques,
David Mouat, Karen Reichardt and Peter Warren were able to draw
reliable vegetation maps for the whole area.

The Park Service has used the ARSP map of North Rim forests
to design a fire-management plan that should save $150,000 in fire con-
trol costs in the next 10 years. By showing that spruce-fir forests
occupied a far larger area than had been previously thought, the map
also helped park officials decide how to avoid unneeded costs and eco-
logical disturbance in spraying for spruce budworm. Researchers have
already used the vegetation maps in studies of birds and squirrels, too.

Besides using remote sensing techniques, ARSP teaches them to
other people.

For example, last year ARSP demonstrated to the State Depart-
ment of Water Resources how satellite data could be used to identify
irrigated lands, using the Cortaro-Marana Water Conservation District
as an example. Consequently, that department got its own computer
software for using satellite data regularly.

Much of ARSP's educational effort is in workshops, short courses
and seminars. In 1980, it gave workshops around the country for the
U.S. Bureau of Land Management. In 1981, it developed a training cur-
riculum for a division of the U.S. Geological Survey.

UA graduate students can minor in remote sensing. The Remote
Sensing Committee oversees this graduate program and coordinates
other remote sensing activities on campus. The committee has 13 facul-
ty members from 10 different university divisions, including ARSP and
the College of Agriculture's Laboratory for Remote Sensing and Com-
puter Mapping.

Indian Programs
NADSAT is OALS's Laboratory of Native Development, Systems

Analysis and Applied Technology.
It has helped the Hopi Indians map out the natural resources on

their reservation, helped the Yavapai-Prescott Indians assess and use the
potential for sand and gravel mining on their land, and helped Pima and
Maricopa Indians turn the operation of their Gila River Arts and Crafts
Center from red ink to black.

Satellite images of the Baboquivari Peak
area. Top: unenhanced image. Bottom:
image enhanced by a computer program to
increase contrast, highlighting drainage pat-
terns. Both shots show the same area, with
the peak at left and the Altar Valley on the
right. The Applied Remote Sensing Program
used these images (larger, multi-color
copies) in its assessment of mesquite growth
in southern Arizona.
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Photograph: Kathy Clay groups Tumble-
logs as they emerge from a "densifier"

machine that shapes and squeezes chopped
tumbleweed into fuel logs. (Photo by

Paul Mirocha.)
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NADSAT takes on such projects at the request of the tribes. In all,
NADSAT has worked on 43 self-help projects with 23 tribes in five
states since it was formed in 1976.

"From the start, the program has helped tribes evaluate their op-
tions for developing the natural resources on their reservations," says
NADSAT Director Michael E. Norvelle. Many of these projects have
been funded by the U.S. Economic Development Administration
"More recently, with the support of the W. K. Kellogg Foundation, we
have been helping tribes learn and apply business-management tech-
niques for tribal enterprises."

The underlying goal of NADSAT is to increase tribes' self-suffic-
iency. While solving specific problems, the projects also demonstrate
techniques of resource analysis and business management that tribes
can use to solve similar problems in the future. At least one tribal mem-
ber works closely with the NADSAT staff throughout each project.

NADSAT's core staff often recruits or contracts additional help
from other parts of the university, from government agencies or from
private companies.

Projects on the Yavapai-Prescott Indian Reservation show ex-
amples of this cooperation. The UA Mining and Geological Engineering
Department helped analyze the potential for mining sand and gravel
deposits on the reservation. Later, the UA College of Business and Pub-
lic Administration helped draw up recommendations for the tribe's leas-
ing arrangements with private mining contractors.

Advice from private industry helped NADSAT help the Gila River
Indians last year. The tribe's Gila River Arts and Crafts Center on Inter-
state 10 was operating at a $30,000 annual loss. NADSAT requested
help from Fred Harvey, Inc., a company that markets concessions and

Arizona Land & People



services at several national parks. The company provided two consult-
ants at no charge. Their recommendations included increasing the per-
centage of lower-cost items for sale. NADSAT also got recommenda-
tions from an experienced restaurant manager for ways to improve ef-
ficiency in the Arts and Crafts Center's restaurant. After adopting many
of the suggestions in NADSAT's report, the center started showing a
$20,000 net annual profit.

Other projects in which NADSAT has provided information to
help tribes develop their natural resources include expansion of agri-
cultural production on the Papago Reservation in Arizona and the de-
velopment of a marina operated by the Pyramid Lake Paiute Tribe of
Nevada.

Access to Information
Valley National Bank wanted information about the future of ag-

riculture in Arizona. An Easterner wrote to ask where he could grow
jojoba. A British consulting firm working for the Sultanate of Oman re-
quested material about runoff irrigation applicable to Oman.

The Arid Lands Information Center (ALIC) answered all these
requests, and hundreds of others, last year. Actually, just part of the
ALIC did, the reference section. Librarian Elaine Cook and her small
staff answer such questions for a fee or for free, depending on the size
of the job. For the bank, they provided a long bibliography plus copies
of many of the listed articles. For the prospective jojoba grower, they
had a preprinted handout, because dozens of people ask the same
jojoba questions each month.

ALIC shares with the UA Main Library a wide-ranging collection
of materials about arid lands. was built by for-
mer ALIC director Patricia Pay lore. ALIC also has direct access to more
than 150 computer data bases, each with a bibliography or collection of
summarized articles in a particular field. Major data bases are available
in the areas of agriculture, water resources, surface mining and many
others.

For the past two years, the center has been building a compre-
hensive data base about arid lands by co-publishing a monthly listing,
Arid Lands Development Abstracts (just Arid Lands Abstracts before
1982). Each month it contains summaries prepared by the ALIC staff
of some 400 recent articles, books or documents about arid lands.
Topics range from soils to urban planning. Current ALIC Director
Justin Wilkinson edits the journal, which has quickly gained world-
wide circulation and prestige. Its co-publisher is the London-based
Commonwealth Agricultural Bureaux, which publishes more than 40
other abstracting journals. They are all available through ALIC.

The Information Center, like all of OALS, operates on contracts,
fees and grants rather than budgeted state funds. ALIC recently com-
pleted one large job for the federally funded U.S. Man and the Bio-
sphere Committee: From written sources, researchers prepared environ-
mental profiles of 26 nations from El Salvador to Afghanistan.

Further information about OALS is available from the Office of
Arid Lands Studies, 845 North Park Avenue (at the western edge of the
UA campus), Tucson, Arizona 85719.
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A customer considers rugs at the Gila River
Indian Arts and Crafts Center near Ocotil-
lo. The Office of Arid Lands Studies helped
the center's tribal owners with an analysis
of marketing and management. (Photo by
Ted Bundy.)
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Arizona Land & People
With this issue, Progressive Agriculture in Arizona has become

Arizona Land & People.
The magazine will continue to report on projects of the Univer-

sity of Arizona College of Agriculture, as it has since 1949. The new
name reflects the breadth of the college. Agriculture is our core, but we
also work on other ways to use land and other ways to meet the needs
of people.

The name change coincides with an expansion of the college
beyond our continuing work in agriculture, natural resources and home
economics. The Office of Arid Lands Studies joined the College of Agri-
culture late last year. You can read in this issue about that office's
broad scope.

Because the land and people of this state are dear to me, I hope
Arizona Land & People will be enjoyable and useful to you.

B.P. Cardon
Dean

Arizona Land & People



Consumerist Studies
Garbage Removal Services

A 1981 survey in the Tucson area shows that people with garbage-
removal service provided by the city government are more satisfied with
the service than people served by a private garbage-removal company.
Satisfaction with both sources is high.

Such consumer-satisfaction studies can supplement cost compar-
isons in considerations about how community services should be pro-
vided, says Dr. Julia Marlowe. She conducted the Tucson survey and
teaches in the consumer studies program at the UA School of Home
Economics.

In these budget-cutting times, many local governments in Ari-
zona and other states are looking hard for ways to trim expenses. One
move eyed by some is to let private enterprise handle some public
services, such as garbage removal or fire protection.

These two services are already provided privately in some com-
munities. Studies have shown that private provision is often more cost-
effective than public.

"However," says Marlowe, "cost is not the only consideration."
So she compared publicly and privately provided garbage collection in
terms of consumer satisfaction with the service.

Tucson made a good location for her study because, while the city
government provides garbage removal within city limits, private firms
do the job in some comparable neighborhoods just outside the city line.

Of interest in light of the cost-effectiveness studies done else-
where, Marlowe found that, in greater Tucson, public garbage removal
satisfies consumers more than private removal does. Also, cost figures
she got from providers of the service indicate that, in this case, public
service costs less. Private garbage service in the Tucson area is provided
on an individual-subscription basis rather than the city-contract basis
that some studies have found more efficient.

For her survey area, Marlowe selected six pairs of census tracts
according to their population density and income. For each type of
neighborhood (for example, medium density with low income), two
tracts were paired for comparison, one with public garbage service and
one with private.

Marlowe and her helpers interviewed, by telephone, adults in
532 randomly chosen households in the selected neighborhoods.

The survey checked not just overall satisfaction with the service
provided, but also satisfaction with some specific aspects of the ser-
vice. Among the 13 separate aspects included in the questioning were:
noise made during collection, size and weight limitations, cost of col-
lection, frequency of collection, and cleanliness of the site after the
pickup.
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Dr. Julia Marlowe.
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Lumping the results from all six types of neighborhoods shows
that people with public garbage removal were more satisfied with their
service than those with private removal in all 13 aspects of the service.

Taking each of the six types of neighborhoods separately, public
removal got higher satisfaction ratings than private in every aspect in
all but two of the neighborhood types. In high- density neighborhoods
with medium incomes (the only type of high- density neighborhoods
surveyed), and in low- density, low -income neighborhoods, private ser-
vice got higher ratings than public in some aspects of service. However,
none of these exceptions was statistically significant.

"In general, residents appear fairly satisfied with garbage removal
service in the metropolitan Tucson area," says Marlowe.

The private firm serving the areas outside the edge of Tucson city
limits is SCA, a company that provides sanitation services in many areas
of the United States. Both SCA and the City of Tucson remove resi-
dential garbage with the same frequency: twice a week except holidays.

SCA offers private collection by subscription, with monthly rates,
as of November 1981, of $6.10 to $8.85 (depending on where the cus-
tomer agrees to leave garbage cans for pickups). Garbage collection by
the City of Tucson is financed by general city revenues. City sanita-
tion officials told Marlowe in November that garbage removal costs
$2.25 to $2.50 per household per month, though that figure may ex-
clude some expenses, such as gasoline.

Both the SCA fee and the city estimate are well below national
averages for garbage removal costs, Marlowe points out. Also, SCA's
costs include billings, taxes and profits that the city does not have to
pay. In some U.S. cities where private firms provide garbage -removal
service, the local government itself contracts with the firm for the ser-
vice. Studies have found that, in general, this arrangement results in
lower costs than the individual- subscription basis. Direct consumer
billing is eliminated because the service is financed by taxes.

Marlowe notes that billing procedures might be related to con-
sumer attitudes in her Tucson survey. "City residents do not associate
their service with the cost of collection, but private residents do every
month as they pay their garbage collection bill," she says.

However, even among the SCA customers, cost was not the
aspect of service they rated most unsatisfactory. They rated it tenth out
of the 13 aspects included in the survey. People served by the city
rated cost about the same: eighth out of the 13 aspects. "If costs were
greater, it probably would have been ranked lower," says Marlowe.
Both groups rated noise as the least satisfactory aspect of service.

She suggests several reasons for the lower cost of garbage collec-
tion in the Tucson area than in most other U.S. cities: good weather,
access to low -wage labor and the sense of competition provided by the
presence of more than one provider.

Marlowe does not try to pull from her Tucson findings a general-
ization that public garbage removal is necessarily more satisfactory
than private provision in any other situations. Rather, her project shows
how consumer satisfaction can be measured, and suggests the value of
such measurements in aiding public decision -making. Currently, she is
analyzing results from a survey of consumer satisfaction with public
and private fire- protection service.
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Arizona Growers Keep the Beet
Arizona sugarbeet growers produced enough sugar last year to sup-

ply each person in the state with about 22 pounds of sugar, more than a
fifth of the amount we eat.

The 1981 sugarbeet harvest rebounded to 300,000 tons from
1980's 208,000 tons, the lowest mark since the first year of the modern
sugarbeet industry in Arizona in 1967. Each ton of beets yields about
200 pounds of refined sugar.

The 1981 crop grew on 12,600 acres on about 55 farms in Mari-
copa, Pinal and Yuma counties. That acreage is close to the past dec-
ade's average.

The Amstar Spreckels processing plant in Coolidge, built in 1966,
is the hub of Arizona's sugarbeet industry. The whole crop is contracted
to Spreckels before planting and processed by it after harvest.

The plant can process 4,200 tons of beets per day, about 200 acres
worth. Harvested beets begin to lose sugar if stored for more than a
few days before processing, so the harvesting is spread out from late
April through July. The processing plant needs to stay in operation
about three months or more each year in order to be economical. In
the past, production of a spring-planted, fall-harvested crop in south-
eastern Arizona allowed the processing plant to operate an addition-
al one or two months each year. However, production there was dis-
continued after the 1978 season. Since then, all of the state's sugarbeets
have been planted in the late summer or fall.

Much of the University of Arizona's current sugarbeet research
aims at finding the best ways to make the harvest season as long as
possible. July harvesting is necessary to keep the processing plant run-
ning, but beets left in the field until July or later often decline in
quality. For instance, last summer at the UA Mesa Experiment Farm,
agronomist John Nelson found that between July 9 and August 11,
beets left in the field lost an average of about one-twelfth of their
sugar content. He was looking at an assortment of varieties and plant-
ing dates to find combinations useful for late harvesting.

Planting date tests at Mesa since 1980 have shown that, contrary
to previous assumptions, late plantings do not give better yields than
earlier plantings when both are harvested late. In Nelson's test plots
harvested last August, beets planted in September produced 7.5 more
tons of roots per acre than October-planted beets, and 12.8 tons more
than November-planted beets. The three planting date groups did not
differ significantly in sugar content per pound of root.

March 1982

Sugarbeets bound for processing at Am-
star Spreckels in Coolidge. (Photo by Ted
Bundy.)

17



A beet crop uses the field for virtually a whole year. UA agricul-
tural economist Dr. Scott Hathorn estimated 1980 growing costs for
sugarbeets at $629 per acre in Maricopa County and $664 in Pinal
County. Other UA researchers have been helping growers get as much
return as possible on that kind of investment by increasing yields.

Most Arizona farmers who grow sugarbeets follow recommenda-
tions not to plant beets more frequently than one out of four years
in any given field. In other years, grain, alfalfa, cotton or other crops
are planted in the field.

Virus problems began lowering yields about 10 years ago. The
adoption of partially resistant varieties of beets and of cleaner field
practices has helped minimize the virus problem in recent seasons.

A series of tests in the 1970s showed how sugarbeet growers
could increase their irrigation efficiency by allowing up to 90 percent
of the available soil moisture to be depleted before the next watering.

Phosphorus for Energy Efficiency
Recent tests in Mesa aimed to

help Arizona .sugarbeet growers
make their crop more energy -
efficient by keeping it well nour-
ished.

Solar energy is converted into
sugars in the leaves of plants. In
sugarbeets and many other
plants, the converted energy is
then transported to the roots for
storage.

This is an efficient process
when proper growing conditions
exist, but bogs down when the
plant is not getting enough of the
phosphorus it needs for energy -
transfer reactions. Even when
phosphorus fertilizer is added to
the soil, sugarbeets growing in
winter sometimes are not able to
absorb as much of it as they
need for maximum sugar produc-
tion.

The past two winters, re-
searchers at the UA Mesa Experi-
ment Farm tested another way
of giving beets extra phosphorus:
foliar application. That means
spraying it in solution directly
onto leaves. They hoped that this
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approach could increase sugar
yields at low cost. Instead, re-
sults showed that planting beets
in soil already high in phosphor-
us was a more reliable way to
supply the nutrient.

Sugarbeets are usually a spring -
planted crop, but growers in cen-
tral Arizona plant them in the
fall as a winter crop, instead.
When soil temperature is 60°F or
lower, from about November to
March most years, beet roots do
not absorb phosphorus well.
Summer beets, planted in the
spring when the soil is cold,
benefit from phosphorus fertili-
zer added to the soil near the
seeds. The fertilizer increases
phosphorus absorption and al-
lows optimum growth of seedlings.
For fall -planted beets, however,
phosphorus fertilizer applied
near seeds may be of little use
by winter, because phosphorus
does not move much in the soil,
and most of the roots by that
time are outside the area reached
by the fertilizer.

Neither winter in which foliar

application was tested had typi-
cal weather: the first was usually
wet and 1980 -81 was unusually
warm. When soil temperature
limits phosphorus absorption
from the soil, foliar application
might still be useful, but predict-
ing those conditions would be
guesswork in any given year.

The surest way to provide
beets with enough phosphorus
appears to be planting them in a
field where residual levels of
phosphorus in the soil are al-
ready high. Fields where the
most recent crops were well -
fertilized with phosphorus, such
as vegetables would be, are likely
to have high residual phosphorus
levels. So are fields recently en-
riched with manure.

Tissue sampling techniques
now used by many sugarbeet
growers to check the nitrogen
status of their crop can help in
checking phosphorus status at
little extra cost. The same
samples taken to be analyzed
for nitrogen content can also
show whether a phosphorus de-
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Recommendations for controlling weeds and insect pests and for
fertilizing sugarbeets are given in the College of Agriculture's annual
report Sugarbeets. The supply of nutrients to beets must be care-
fully monitored throughout the growing season in order to encourage
beets to produce sugar, but to discourage them from using it them-
selves. For example, a recent study of local yield variations in the
Coolidge area suggests that excess nitrogen in the water and soil of
some fields may be hurting yield. The beets appear to use up some of
their stored sugar under high-nitrogen conditions.

Levels of phosphorus, like nitrogen, allow only a narrow range
between not enough and more than enough (see accompanying article).
Any excess is costly waste, even if not directly harmful to yield. Re-
searchers and growers are finding that periodic sampling of tissue from
the growing crop is worthwhile for monitoring nutrients in sugarbeet
fields.

ficiency is limiting the beet's
ability to make and store sugar.

Success against cool-weather
phosphorus deficiency in beets
should increase their concentra-
tion of sugar. That increased pro-
duction of food energy from so-
lar energy could also save fossil
energy. Transportation costs
from farm to processing plant
are high and rising. They threat-
en to put many Arizona farmers
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out of the sugarbeet business.
If correct phosphorus use can in-
crease the sugar concentration in
beets from 13 percent to 18 per-
cent, a ton of them could pro-
duce 100 pounds more sugar.
That would mean at least $10
more profit to the grower for
each ton of beets produced and
lower transportation costs for
each pound of refined sugar.

John Nelson, right, describes variety and
planting-date tests to participants in the
1981 Sugarbeet Field Day at the univer-
sity's Mesa farm. (Photo by Guy Webster.)

By Jim Abbott, soils scientist, and
John Nelson, agronomist, Arizona Ag-
ricultural Experiment Station
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College of Agriculture alumni, staff,
students and families visit together at the

annual Ag Alumni Breakfast during UA
Homecoming. (Photo by Ted Bundy.)
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Get People Together
And See What Develops

"Development involves matching up inside interests with outside
interests," says the UA College of Agriculture's new director of devel-
opment, Dr. R. Phillip Upchurch.

"We in the College of Agriculture are doing certain things, or
would like to be doing those things, as part of our function within the
university and our mission as a land grant college," he explains. "My
job now is to match these things up with the work that people outside
the college, especially people in Arizona, are interested in seeing done."

For example, the college wants to develop agricultural systems
that require less irrigation than today's systems. One promising ap-
proach is the domestication of desert plants into useful crops. Cooper-
ation with private companies that are interested in the potential uses of
guayule, buffalo gourd and other plants has increased the college's re-
sources for developing such crops.

Other areas of current or proposed matchups between college and
outside interests range from animal health to home computers.

Upchurch became the college's first director of development last
fall, ending his six years as head of the Department of Plant Sciences.

People in the college have always had close ties with commodity
and constituent groups in the state. Private groups and corporations
have helped with many of the advancements made at the college.
"Now, though, we will have a more coordinated development effort
than we have had in the past," says Upchurch. Already in the works
are several projects to increase the communication between the college
and outside groups about each other's needs and interests:

- College representatives have been meeting with representatives
of various agricultural commodity groups to discuss research
needs.

- The college has about 10,000 alumni. Upchurch is stepping up
efforts to keep alumni in touch with the college.
Other supporters of agriculture in addition to alumni may be or-
ganized as part of the University of Arizona Foundation. One
specific group, Friends of the Arboretum, will support the Boyce
Thompson Southwestern Arboretum at Superior.
The development office has begun hosting representatives from
private companies to visit with faculty members about research
projects.

In addition to these projects, Upchurch is aiming for a few specific
developments, such as backing for "distinguished professor" appoint-
ments. He has listed each department's assessment of the types of equip-
ment and facilities it needs most. For example, the Veterinary Sciences
Department needs an isolation building to use in studies in diseases.

The new development office is Room 320 of the Old Agriculture
Building. Upchurch says, "I want this room to be seen as an informal
spot where faculty members and campus visitors can stop by to dis-
cuss their interests and needs." Take him up on it.

Arizona Land & People



Knowledge in the Making

Tapping Cotton's
Own Insecticides

Cotton plants make chemicals that can kill some of the
plants' worst enemies: bollworms, tobacco budworms and
boll weevils. These natural insecticides, called helocides, are
among the chemicals produced in glands on cotton leaves
and stems. Obviously, the plants do not put out enough in-
secticide to fully protect themselves; these insects cost
Arizona cotton farmers tens of millions of dollars a year.
But cotton plants without the glands are even more sus-
ceptible to bugs than other cotton plants are. Now, UA
plant scientist Dr. Frank R. Katterman is working on a way
to get larger amounts of helocides by growing cotton -
plant cells suspended in liquids in laboratory flasks. He is
comparing helocide production by cells from various parts
of the plant and from several commercial and wild varieties
of cotton. By repeated selection and by causing mutations
in the cells, Katterman expects to get cotton cells that pro-
duce high levels of helocides. Such cells might then be
grown in large enough quantities to make extraction of
these natural pesticides economical. Or, with new gene-
splicing techniques, the cotton cells' helocide- making abil-
ity might be transferred to bacteria that grow ten times
faster than the cotton cells.

Clean Air Byproduct
Can Improve Some Soils

In the past 20 years, copper mines and coal - burning
power plants have greatly reduced the amount of sulfur
dioxide gas they release into the atmosphere. Trapping it
turns sulfur dioxide into sulfuric acid. In the Southwest,
a million or more tons of sulfuric acid are produced annual-
ly from air pollution control processes, but the current and
projected demand for this byproduct is low. UA soils
chemist Dr. Jack L. Stroehlein has explored possible uses
of sulfuric acid for improving irrigation water and soil. In
laboratory, greenhouse and field testing, he and his col-
leagues have found four specific agricultural uses for the
acid: It can control the precipitation of lime in high -cal -
cium irrigation water where that precipitation can encrust
and plug irrigation equipment. In certain conditions,
sodium from irrigation water can alter soil structure, re-
sulting in poor water penetration into the soil. Sulfuric
acid added to the irrigation water can ease that problem,
too. Third, added acid can improve the efficiency of fer-
tilizing a field with ammoniated irrigation water. The
acid can halve the loss of nitrogen caused by ionization of
ammonia into volatile ammonium. Also, treatment of some
sodic (alkalai) soils with concentrated acid markedly in-
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creases the availability of phosphorus and iron in the soil
and improves the soil's absorption of water. Stroehlein
emphasizes that use of sulfuric acid helps only with specific
problems of soil and water: "Indiscriminate use of acid is
not likely to produce beneficial effects."

New Method Saves Energy
In Processing of Cattle Feed

UA animal nutritionist Dr. William H. Hale has refined
and tested an energy -saving way to process milo for live-
stock feed. Milo, a grain sorghum, is often the main ingredi-
ent of diets for cattle in feedlots. Steam- flaking of milo,
a widely used technique pioneered by Hale in the 1960s,
increases its digestibility (thus its value in feed) by about 15
percent. However, the method requires steam, and the fossil
fuels used for producing it have been rising in price. So last
year Hale and colleagues tested another process, "reconsti-
tuition" of milo. The "recon" milo costs about 20 cents a
ton to process, compared with about $5 per ton for steam -
flaking, but it gives about the same improvement in digest-
ibility. The two -step reconstitution process involves soaking
the milo twice in unheated water, then letting it sit for 20
days or longer in an air -tight silo. There, the grain begins
the first stages of germination, then ferments. For feeding,
the grain is passed through a rolling mill and mixed with
other diet ingredients. Most Arizona feedlots use natural
gas for steam -flaking, but Hale expects many to try the
recon method to avoid the high fuel costs.

Soil's Drifting Along
Spiked by Crumbling Tumbleweed

Look long enough, say three UA agricultural scientists,
and you can find good in just about anything. Their case in
point: tumbleweed, a troublesome invader of countless
farms and ranches. Dr. Arden Day, an agronomist; Dr.
Curt Tucker, a soils scientist; and Dr. John Thames, a hy-
drologist, believe they have found a worthwhile use for it
in reclaiming disturbed land such as mine wastes. They do
not plant tumbleweed; they grind it up and use it as a
mulch for other plants. They compared the tumbleweed
mulch to barley straw, the traditional soil- mulching mater-
ial around mine reclamation projects. The two were equal
in their ability to hold moisture in the soil. For example,
in the case of an 80 °F environment with 54% relative hum-
idity, either mulch added about 7% of the water - holding
capacity of coal mine spoils in northern Arizona. Hanging
on to any available moisture is crucial in getting new plants
to grow. The plant cover then reduces soil erosion, as well
as sprucing up the site's appearance. At many mine sites,
tumbleweed is more readily available than barley.
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Arizonans You Should Know

Frank Gregg, national director of the U.S. Bureau of
Land Management under the Carter Administration, has
joined the faculty of the UA School of Renewable Natural
Resources. This semester he is teaching a new course about
natural resource policy-making and administration. As part
of the course, students examine ways to reconcile public
conflicts. "So much controversy about natural resources is
based on rigid emotional value judgements," says Gregg.
"We need to use planning procedures that channel our ener-
gies into solutions rather than posturing that prevents solu-
tions." Such procedures exist; they draw on good scientific
data, consideration of all alternatives, and structured public
input. But they also depend on the abilities of professional
resource managers to work well with people in polarized sit-
uations, says Gregg. His course aims to teach that ability to
students planning resource-management careers. Before his
BLM appointment, Gregg had been chairman of a federal
water-resource planning agency for New England, director
of the Izaak Walton League and editor of Colorado Out-
doors magazine for the Colorado Game and Fish Department.

More than 20 years of assistance with agricultural re-
search and extension programs helped earn Gene Anderson
of Willcox the title "Extensionist of the Year." That award
from the UA Cooperative Extension Service recognizes an
Arizonan who epitomizes the service's goal of helping
people help themselves. Anderson recently retired from
work as a field man for an agricultural supplies company.
He has assisted UA researchers in many projects to control
plant diseases and insect pests in Cochise County and has
supported demonstrations and field days conducted by the
Extension Service for local farmers. He graduated from the
UA College of Agriculture in 1940 after majoring in ento-

Frank Gregg with a prairie falcon in Idaho.

mology and plant pathology. Anderson and his wife Mary
still live on the Kansas Settlement land homesteaded by his
father in the 1930s.

Debra Cuming of Somerton earned the 1981 national
award in the 4-H Horse Program. Her award was presented
during the National 4-H Congress in Chicago in December.
During her six years in the 4-H Horse Program, Cuming has
won more than 400 ribbons plus many championship
trophies at horse shows, including top awards in showman-
ship and horsemanship at the State 4-H Horse Show. Also,
she has organized and managed successful horse shows to
increase the opportunities available to local enthusiasts.
This winter, Debra sold her horse to help pay for starting
college next fall. As national award winner, she attended
the Chicago congress courtesy of 4-H Horse Program spon-
sors: the American Quarter Horse Association and the In-
surance Company of North America.
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