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Our Cover ..
This month, features the fruit and attached cashew as it grows

in Brazil. U of A personnel and faculty who are and have served

in that South American country have worked to industrialize the

production of cashew. It takes about 15 years for the tree to reach

maturity and 30 to 40 feet in height. At this time the nut production

is from 50 to 100 pounds of nuts per tree. The fruit you see above

the nut is also used to flavor jams and soft drinks. For further infor-

mation please turn to page 13.
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What you
Always wanted

To know
About DDT

(in Arizona)

But were

Afraid to

Ask

by George W. Ware* DDT is 101 years old this year. It
was first synthesized by a German
graduate student at the University of
Strassburg, who had no idea of its
tremendous insecticidal value and,
after synthesis, it was thrown out and
forgotten. In September of 1939, Dr.
Paul Müller, an entomologist, working
for the Geigy Chemical Co. in Switzer-
land, rediscovered DDT while search-
ing for a better insecticide against the
clothes moth. It was extremely effec-
tive against blow flies, mosquitoes and
the Colorado potato beetle. Dr. Müller
received the Nobel Prize for Medicine
in 1948 for his life -saving discovery.

DDT first appeared in Arizona in
very small quantity in September 1943
and for purely agricultural experi-
ments at the U of A Experimental
Farm at Mesa. The first person to
work with it was W. A. Stevenson, an
entomologist with the U.S.D.A.

Head, Department of Entomology, U of A.

Bureau of Entomology and Plant
Quarantine, who tested a 2 percent
DDT dust on caged cotton plants
against stink bugs and lygus. In the
spring of 1944, larger field plot tests
were conducted using 2 percent DDT
in pyrophylite and 4 percent DDT
plus 60 percent sulfur in pyrophylite,
applied with a hand duster. The DDT -
sulfur gave Stevenson better yields
than ever with sulfur- arsenical mixes.
In July and August of 1944, an 18 -acre
field of short -staple cotton at Litch-
field Park received the first aerial ap-
plications of DDT in Arizona, involv-
ing a total of 6 treatments of the dusts
at 1.0 pound actual DDT per acre.
Lygus bugs were the most abundant
injurious insects. The field was picked
in January 1945, with a gain of 920
pounds per acre over the untreated
check.

In 1944, Orin Hills, another U.S.D.A.
entomologist, experimented with DDT
dust on seed sugar beets for lygus
control and reported, "it looked too
good to be true. One application seems
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to give us control of lygus, and we al-
ways figured we needed at least two
applications of pyrethrum and sulfur."

The commercial use of DDT in Ari-
zona began on a very small scale in
late summer of 1945 when the first
dusts were sold to cotton growers by
the Arizona Pest Control Co., White
Chemical Co., Arizona Fertilizer, Inc.,
and Stauffer Chemical Co.

In 1945, Professors Charles T. Vor-
hies and Lawrence P. Wehrle, ento-
mologists from the University of Ari-
zona, experimented with DDT ap-
plied with a U. S. Navy "secret fog -
generating apparatus being used for
the production of smoke screens." The
Navy loaned the fogging machines,
the 5 percent DDT in kerosene was
purchased from the Shell Oil Co., and
the project was sponsored by an old
friend of the University, Colonel Dale
Bumstead, owner of the Tal -wi -wi

Table 1. DDT Use Estimates for
Arizona, 1945-1968.

Technical DDT
Year (1000's Lbs.)
1945 8
1946 804
1947 1,162

1948 1,400
1949 1,849
1950 1,412

1951 2,730
1952 3,162
1953 3,072

1954 2,900
1955 2,640
1956 2,689

1957 2,689
1958 3,803
1959 3,714

1960 4,142
1961 3,861
1962 3,977

1963 3,895
1964 3,739
1965 5451

1966 1,0721
1967 2,5201
1968 5281

1 Arizona Community Pesticides Studies sales
information.

Ranch at Litchfield Park. Targets of
these experiments were the grape leaf-
hopper, citrus thrips on oranges and a
beef herd. All were treated with some
degree of success. The scientists re-
ported that the fog "is too fine and
light for best results in insecticide ap-
plications in the field. It billows and
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rises to heights far greater than re-
quired." They predicted that this
aerosol method was destined to rank
high as a method of insecticide appli-
cation in agricultural pest control.

DDT was generally used by cotton
growers in 1946 as a result of its out-
standing success against cotton pests
and increased yields. In 1946 out-
breaks of beet armyworm and boll-
worm over several thousand acres of
cotton in the State, were brought un-
der control with one treatment of 5
percent DDT, with sulfur applied at
15-25 pounds per acre.

The first 10 percent DDT dust in
sulfur was applied to cotton in 1946.
This formulation was described as
"very lumpy and gritty and almost im-
possible to apply efficiently." In that
year the insect control literature
became filled with reports of the
astonishing effectiveness of this new
"miracle insecticide."

In 1947, S. E. McGregor, a U.S.D.A.
apiculturist assigned to work in co-
operation with the University of Ari-
zona, made extensive studies of effects
of DDT on honeybees in cooperation
with C. T. Vorhies. They concluded
that dust or oil spray air applications
of DDT to large cotton acreages were
not hazardous to commercial bee-
keeping. DDT was considered a bee -
safe insecticide and greatly welcomed
after many years of bee losses from
heavy applications of arsenicals to
cotton.

More than 4 billion pounds of DDT
have been used throughout the world
for insect control since 1940, of which
80 percent was used in agriculture.
Production peaked out in the U.S. in
1961 with the manufacture of 160
million pounds. The greatest agricul-
tural benefits from DDT have been
in the control of the Colorado potato
beetle and several other potato in-
sects, the codling moth on apples, corn
earworm, cotton bollworm, cotton
budworm, pink bollworm on cotton,
and the worm complex on vegetables.
It has been most useful against the
gypsy moth and the spruce budworm
in forests. Medically it has been most
successful against mosquitoes that
transmit malaria and yellow fever,
body lice that transmit typhus, and
fleas that transmit plague.

One of the amazing features of this
marvelous insecticide was its low cost.
Most of that sold to the World Health
Organization cost less than 22 cents
per pound! Without question it was

the most economical insecticide ever
sold.

Because of DDT's low cost and high
effectiveness it was used in Arizona
on most crops against various pests at
rates of 1 to 3 pounds per acre, but
mostly against pests of cotton and
lettuce. The actual amounts of DDT
used in the State are known only for
the years 1965 -1969, when the sales -
usage information was collected by
the Arizona Community Pesticide
Studies Project, Department of Ento-
mology. In Table I is shown the esti-
mated use of DDT since 1945. These
estimates are based only on the cotton
and lettuce acreage in central and
western Arizona.

As a direct result of the heavy use
of insecticides and large number of
aerial applicators, the Arizona Board
of Pest Control Applicators was ap-
pointed in 1953 by Governor Howard
Pyle. Its purpose was to license aerial

Table 2. Condensed Rules of the
Arizona Board of Pesti-
cide Control Leading
to the DDT Moratori-
um in 1969.

1953 The Board of Pest Control Applica-
tors was established by the Arizona

Legislature in the Arizona Ap-
plicators Act of 1953.

1953 Board of Pest Control Applicators
was appointed by Governor Howard
Pyle.

1961 Act expanded to include Rule 17,
Section B, Safety Rules, No. 14. "All
persons and livestock must be re-
moved from the area to be treated
and drift onto adjacent dwellings,
fields where livestock are feeding, or
onto other crops, must be avoided."

1964 Act expanded to include Rule 18,
"No applicator may apply insecticide
of any type or on any location in
violation of a regulatory order ..."

1965 Rule 21, required all commercial
growers to obtain a growers' permit
annually from the Board, and sellers
permits of those selling insecticides
to growers.
Rule 23, provided for the Board to
hold public hearings when making
changes in rules.
Rule 26, restricted the application
of DDT to liquid spray only. Special
permits to apply DDT dust to cotton
could be obtained for the period
July 15- September 15 if no forage
crop, other than feed grains, were
located within 5 miles of the treated
field.

1968 The Board was restructured and re-
named the Board of Pesticide Con-
trol, increased from 5 to 9 members.



Figure 1. High and low DDT -DDE residues in whole milk from
Maricopa County, Arizona.
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Rule 20, prohibited use of DDT other
than as specified on the label, or in
any form other than spray or with
air blast equipment. DDT was to be
applied at boom pressures not to
exceed 40 psi and not less than 5
gallons of spray per acre. In normal
application of DDT, the nozzles on
aircraft were to be directed toward
the rear with wind velocities not ex-
ceeding 5 mph with application to
take place, during the period one
hour before sunset to 3 hours after
sunrise. For the first time rigid dis-
tances were established. DDT could
not be applied within 1 mile of a
dairy without written permission of
the owner, or within % mile of ani-
mal feed crops other than his own,
without written permission from the
owner.

1969 Rule 20 totally restricted the use of
DDT for agricultural purposes for a
period of one year - the historic
DDT moratorium.

1970

1971

1932

1973

Rule 20 continued the moratorium
for another year.

Rule 20 repeated the moratorium for
a third year.

Rule 20 extended the moratorium
through its fourth year.

Jan. 1 began the Environmental
Protection Agency's restriction of
DDT use. All registrations for DDT
were cancelled, resulting in a com-
plete ban for the United States.

applicators and establish safe use pat-
terns for pesticides on food, fiber and
feed crops. The rules established by
the board over the intervening years
are condensed in Table 2.

Because of the wide use of DDT in
the irrigated areas of Arizona the milk
supply became contaminated from
residues of DDT on alfalfa hay and
other feeds. In 1963 the milk supply
in Maricopa County reached 0.18 ppm
DDT and DDE. In Figure I are shown
the annual high -low average ppm of
DDT found by the State Dept. of
Health through monthly milk sampl-
ing from 1963 through 1971.

In 1964, as a direct result of the
milk contamination and its economic
threat to milk and feed producers, the
Arizona Legislature expanded the re-
sponsibilities of the Board of Pest
Control Applicators to work toward
correcting this situation. In 1965 the
first restrictions on DDT use were
published by the Board as Rule 26
( see Table 2) .

In 1968, the U. S. Food and Drug
Administration placed an embargo on
50,000 pounds of butter shipped from
Arizona to California because of DDT
residues present in amounts over the
legal tolerance. The Board, now called
the Board of Pesticide Control, was

confronted with a deepening of the
DDTcontamination problem. In 1968,
the University of Arizona Department
of Entomology, with substantial sup-
porting research information, removed
DDT from all of its agricultural pest
control recommendations. The sole ob-
jective was to reduce DDT residues
in food and feed crops. This action by
the University was persuasive in
nature but did not have the force of
law. The agricultural chemicals in-
dustry accepted the decision and be-
gan to phase out their supplies of
DDT which had been stockpiled be-
for the decision to remove DDT
from State recommendations was an-
nounced.

In the fall of 1969 the Board was
presented overwhelming evidence that
feed and milk residues could be re-
duced no further without legal action
to halt the use of DDT. The U.S. Food
& Drug Administration in the mean-
time had proposed that the tolerance
for DDT in beef fat be reduced from
7.0 ppm to 1.0 ppm. This raised prob-
lems for the Arizona beef producers
since beef fat at that time was running
0.4 to 3.6 ppm.

The United Dairymen's Association
approached the Board of Pesticide
Control with a petition supported by
the Arizona Cattle Feeders Associa-
tion, to place a one -year moratorium
on the agricultural use of DDT. The
Board announced a public hearing to
be held in Phoenix to discuss the pro-
posed 1 -year ban.

The hearing took place in January
of 1969, and for the first time since
1964 the United Dairymen's Associa-
tion had abundant supporters. The
general consensus was, "Try the mora-
torium for 1 year." The Board made
the courageous decision to let agricul-
ture go one year without its friend and
foe, DDT.

With little or no resistance, based
on reports of the reduction of DDT
residues in alfalfa, the moratorium
was repeated in 1970, again in 1971
and, for the final time, in January
1972. A Federal ban on the use of
DDT was declared by the Environ-
mental Protection Agency, effective
January 1, 1973, and DDT can no
longer be used on agricultural crops,
nation -wide.

DDT enjoyed 18 years of unrestrict-
ed use in - Arizona, 4 more or less un-
successful years of restricted use, fol-
lowed by 4 years of prohibition under
a State moratorium, with all use final -

(Please Turn to Page 12)
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Figure 1. From left, M. W. Nielson, and M. H. Schonhorst are
selecting aphid resistant alfalfa plants which will later be used
in developing new varieties.

Numerous techniques have been de-
vised by educators whereby current
research, new concepts, and even
established basic principles in specific
areas of Agricultural Science can be
displayed for the student. Specific
"term papers," "additional reading as-
signments," "special projects" and
"professor interviews" have all been

6

Figure 2. Spotted alfalfa aphid are feeding on the plant speci-
men being held above. Aphids, a sucking insect, robs the plant
of its vigor.

useful in exposing the student to an
educational experience beyond the
textbook level.

In the Introductory Agronomy
course taught at the University of
Arizona we are using a technique
called "The Mini" to expose students
to new frontiers in Agronomic re-
search. The Mini is a shortened ver-

sion of an audio -tutorial system in
which "on the spot" slide pictures of
current research or new production
and management principles are
coupled with a short tape recording
by farmers, researchers or specific
individuals involved with the project.

Let's put you in the classroom and
have the Mini speak for itself. The

by A. K. Dobrenz, M. H. Schonhorst and M. W. Nielson`

The Mini ":
An

Audio- Tutorial
Technique

*Professor of Agronomy and Plant Genetics
(Instructor in "Principles of Agronomy ");
Professor of Agronomy and Plant Genetics;
and Entomologist, Agriculture Research
Service USDA and Associate Professor of
Entomology, University of Arizona, Tucson,
Arizona.
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Figure 3. The alfalfa plant at top shows damage as caused by
the spotted alfalfa aphid when compared to the leafy resistant
plant below.

lecture of the day is related to the
techniques of plant breeding and the
importance of this scientific field to
agricultural production. Slide #1 is
used to introduce Dr. M. H. Schon-
horst, Professor of Agronomy and
Plant Genetics, University of Arizona
and Dr. M. W. Nielson, Entomologist,
Agriculture Research Service, USDA
and Associate Professor of Entomology
at the University of Arizona. The tape
explains the specific and long -time co-
operative research of these two scien-
tists and the tremendous contribution
this team effort has made toward the
release of new spotted alfalfa aphid
resistant alfalfa cultivars ( varieties) .

TAPE-"There are over 200,000 acres
of alfalfa grown in the state of Ari-
zona. In 1954, 1955 and 1956 in-
vasions of the spotted alfalfa aphid
nearly eliminated this crop in our
state and emphasis was placed on
acquiring germplasm from all over
the world and screening this ma-
terial for plants which were resist-
ant to the aphid ..."

This portion of the tape provides Dr.
Schonhorst an opportunity to tell the
class the importance of alfalfa to the
state of Arizona and the significance
of selecting plants that are resistant to
the various biotypes of the spotted
alfalfa aphid.

The next slide ( Fig. 2) is used to

Figure 4. At the University of Arizona Mesa Experimental
station alfalfa plots are shown where insect resistant lines are
field tested.

illustrate the spotted alfalfa aphid in-
vading the plant and the tape con-
tinues with the interview as Dr. Niel-
son discusses the reproductive cycle,
feeding habits, and other pertinent
factors related to this insect.
TAPE "The spotted alfalfa aphid

has a unique reproductive cycle as
it gives birth to living young. This
insect requires no fertilization and
reproduces by parthenogenesis. In-
sect populations during the early
portion of the growing season are
determined primarily by climate

He also discusses the techniques
which are used in his laboratory to
isolate individual alfalfa plants that
are resistant to the spotted alfalfa
aphid. Slide #3 ( Fig. 3) shows the
difference between a plant which is
tolerant and one which is susceptible
to this insect and Dr. Nielson con-
tinues the explanation of selection
techniques and how those plants
which are actually able to grow and
survive under heavy insect infestations
are further utilized in the alfalfa
breeding program.

TAPE "The mechanism of insect re-
sistance and the scientific explana-
tion why insects will feed on one
alfalfa plant and not on another is
not clearly understood. Current re-
search is aimed at elucidating bio-

chemical constituents in the xylem
and phloem tissues of the plant. The
insect feeds on these tissues which
conduct the water and sugars
throughout the plant system and
may contain compounds which an-
tagonize the metabolic system of
the small insect . . ."

He emphasizes the fact that these are
the same procedures which have been
used to provide the alfalfa grower in
Arizona with spotted alfalfa aphid re-
sistant cultivars ( varieties ) such as
Mesa -Sirsa and Hayden.

The taped interview picks up Dr.
Schonhorst now with details on "cross-
ing blocks," "cross pollination," "self -
incompatibility," production of "syn-
thetic -one" seed and a vast number of
other plant breeding terms. Termi-
nology and breeding techniques as-
sociated with his research are skill-
fully injected into the discussion. He
tells these potential scientists the real
story about the role of a plant breeder
in the cooperative endeavor of in-
corporating insect resistance into new
alfalfa cultivars.

Slide #4 is a "wind- down" as both
scientists discuss on the tape how new
experimental lines of alfalfa are per-
formance tested at the University's
Mesa Experiment Station. They em-

(Please Turn to Page 12)
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Your . Livestock

by Edis D. Ayers, Jr., and

C. Curtis Cable, Jr.

Mfrket News Service

Livestock market news provides an exchange of
unbiased information on marketing conditions between
producers, packers, and others in the livestock, meat, and
wool industries.

This nationwide service is administered by the U.S.
Department of Agriculture's Agricultural Marketing Serv-
ice in cooperation with 24 state departments of agricul-
ture. The 59 Federal -state offices cover trading at about
250 public markets, direct sales in important production
areas, and wholesale meat and wool sales at major market-
ing centers.

Professional market news reporters collect and dis-
seminate timely, accurate market reports covering prices,
supply, demand and marketing conditions. These reports
help (1) provide both buyers and sellers the information
they need for making intelligent marketing decisions and
( 2) put everyone in the marketing system in an equal
bargaining position. All reports use USDA grade terms
and uniform trading terminology.

To prepare these reports, experienced reporters view
actual sales, interview buyers and sellers at public markets,
feedlots, ranches and wholesale meat marketing centers,
and gather other information by telephone and teletype-
writer. They gather information on movement, supply,
demand, prices and other factors in the livestock and meat
marketing system.

Wool reporters gather similar information from ware-
houses, ranches and buyers throughout the nation. Re-
porters evaluate and check information before preparing
reports.
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Information gathered by livestock, meat and
wool reporters is quickly assembled into easily read
reports, which are released to the public through
commercial news media. This information is also
flashed from coast to coast over USDA's leased

A wire teletypewriter system interconnecting all re-
porting offices.

Reports are made available free to radio and tele-
vision stations, newspapers, and trade journals from coast
to coast. In addition, weekly mimeographed reports are
mailed to persons in all parts of the country and several
foreign countries. Bulletin boards in trading centers and
markets also report current market information provided
by Federal -State reporters.

In some parts of the country, automatic telephone
answering devices are used for rapid relay of livestock
market information to interested callers. A person can
dial a special number to hear a regularly updated record-
ing giving the latest market information.

Public Market Reports
Daily reports are available from 20 terminal markets.

At the larger markets an early morning flash, a midsession
report, and a closing report are issued each day. Early
morning flashes generally describe the day's supply, the
opening market trend, and prices for early sales. Mid -
session reports include receipts, price trends, and quota-
tions for the bulk of the day's sales. The closing report
lists any late changes. These reports cover both private
treaty sales and sales by the auction method at these
markets.

At some of the smaller markets, only one or two
reports are issued daily, depending on the volume of
°Livestock Market News Reporter, U. S. Department of Agriculture,
Livestock Division, Market News Branch, Phoenix; and Marketing
Specialist, respectively, Cooperative Extension Service, University of
Arizona, Tucson. General Information in the first sections of this
article are taken from The Market News Service on Livestock, Meat,
and Wool, U.S. Department of Agriculture, Marketing Bulletin No.
50, Revised June, 1973.



trading. Weekly reports are issued for each class of live-
stock available.

Federal -State reporters also cover sales in about 230
auction markets and issue local reports on each sale.
Summarized reports of auction sales are issued from
central market news offices on a statewide or area basis.

Reports of Direct Sales
Direct sales of slaughter and feeder cattle, hogs,

and sheep are reported from 24 major marketing areas
on a daily, semi -weekly, or weekly basis depending on
trading volume. These reports cover both current and
contract sales in most western states, plus many southern
and midwestern states.

Meat Reports
Sales of carcass meat and primal wholesale cuts are

reported daily for trading in Iowa, Chicago, Omaha,
Denver, the east and west coasts, Texas and western
Kansas. Reports cover major producing and consuming
areas.

A series of reports covers sales of fabricated cuts of
beef ( wholesale and oven -ready cuts prepared by the
packer ) in four locations : Los Angeles, New York, Phila-
delphia, and Chicago. Daily reports are based on standard
meat cuts sold in this manner.

Wool Reports
Weekly price reports for both U. S. and foreign sales

are issued from Denver.
Other Reports

Offal Sales of offal products are reported weekly
for four locations : East Coast, Chicago, Denver and
Missouri River points, and the West Coast.

Slaughter Estimates An estimate of the current
day's total federally inspected slaughter for cattle, hogs,
and sheep is released from Washington at approximately
2:30 p.m., Washington time.

Meat Production An estimate of the current week's
meat production is released each Friday at 4:00 to 4:30
p.m. Washington time.

Pork Cut -Out Data The combined value of pork
cuts, Chicago basis, from hog carcasses weighing 150 and
180 pounds for grades 1 through 4 is released daily at
4:00 p.m., Washington time.

Terms Used in Reports
DEMAND refers not only to a buyer's desire to

possesss a certain volume but also refers to his willing-
ness and ability to buy.

Demand is GOOD when buyers are more aggressive
than usual, or when large or increased supplies are bring-
ing unchanged to higher prices.

Demand is POOR when buyers are less aggressive
than usual, or when decreased supplies are selling at un-
changed to lower prices.

SUPPLY refers to the quantity available for current
day's trading on the market. It includes any carryover
from the previous day.

PRICE refers to specific dollars and cents paid for a
given grade and weight selection.

PRICE TREND refers to the direction in which prices
are moving compared with prices paid the previous trad-
ing session. Five terms used to describe price trends are:

HIGHER used when bulk sale prices are measur-
ably higher than the previous trading session.

LOWER used when bulk sale prices are measur-
ably lower than the previous trading session.

STRONG used when there is a definite, but not
quite measurable, leaning toward higher prices.

WEAK used when there is a definite, but not quite
measurable, leaning toward lower prices.

STEADY used when prices have not changed from
the previous trading session.

TRADING ACTIVITY refers to the pace at which
sales are being made compared with normal for that
market. The pace can be active, moderately active, or
slow.

TRADING ACTIVE means that sales are being made
at a more rapid pace than usual for that market.

TRADING MODERATELY ACTIVE means that
sales are being made at a normal pace for the particular
market.

TRADING SLOW means that sales are being made
at a slower than normal pace for the particular market.

There is one livestock market news office in Arizona,
located in Room 102, Stock Yards Building, 5001 East
Washington Street, Phoenix ( Zip code 85034; telephone
number 602- 261 -4376) .

Market information compiled by this office is sum-
marized and released once daily, Monday through Thurs-
day. This summary is referred to as a direct trade report.
Also, a weekly report is prepared and released on Thursday
of each week.

Market news relative to both slaughter and feeder
cattle is collected and released on a year -round basis.
Lamb prices are compiled and reported seasonally, pri-
marily in the late winter months.

The Phoenix office is equipped with an automatic
telephone answering service which provides a tape -
recorded message of livestock prices and other pertinent
market information. This message is updated at least 3
times daily, Monday through Thursday, and more fre-
quently if there is a major change in prices or other market
developments. The weekly market summary is taped for
the message service for Friday through Sunday.

This recorded market news may be obtained by
dialing 1- 275 -7972 from points within Arizona; callers
outside Arizona should dial 1- 602 -275 -7972. There is no
charge for local calls originating within the reaches of
the Phoenix telephone system.

Regular long distance rates are in effect for all other
calls.

The market news released by the Phoenix office is
made available free to newspapers, magazines, and tele-
vision and radio stations. Radio stations using this source
of news are listed below.

City Time
Safford 6:45 a.m.

11 :25 a.m.
4:20 p.m.

Douglas 6:15 a.m.
1:15 p.m.

Douglas 12:45 p.m.
Globe 12:45 p.m.
Yuma 12:10 p.m.
Phoenix 12:23 p.m.
Phoenix 5:45 a.m.
Phoenix 5:15 a.m.
Nogales 6:40 a.m.

12:45 p.m.
Casa Grande 7:50 a.m.
Prescott 5:50 a.m.
Winslow 5:20 p.m.
Holbrook 6:30 a.m.

4:55 p.m.

Station
KATO - 1230

KAWT - 1450

KAPR - 930
KIKO - 1340
KAWC - 1320
KOOL - 950
KTAR - 620
KJJJ - 910
KFER - 1340

KPIN - 1260
KNOT - 1450
KINO - 1230
KDJI - 1270
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WAMIS

an

aid

in

locating

information

by Linda M. White*

The effects of vegetation management on water and
other renewable natural resources and amenities are the
subjects of a computerized reference retrieval information
system operated out of the Department of Watershed
Management at the University of Arizona. The purpose
of the system is to provide users with references to sources
of information in an area of interest or study, references
which could be consulted in searching for answers to a
problem. Any person who could profit from use of the
system are considered users, and include researchers,
students, professors, land managers, private interests or
citizens, and decision makers.

The Watershed Management Information System
( WAMIS ) is a subsystem of the Arid Lands Information
System, which is under the direction of Miss Patricia
Paylore, Office of Arid Lands Studies. As such, both sys-
tems use the same thesaurus for indexing documents and
the same computer program for storage and retrieval of
citations.
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Although there is some overlap in the scopes of the
two systems, differences do exist. WAMIS citations relate
to vegetation management and treatments, such as timber
harvest, vegetation conversion, and chemical control
methods, and their effects on water and other renewable
natural resources. Subject areas covered in WAMIS in-
clude: (1) responses of water quantity ( runoff ), timing
of delivery, and water quality to various vegetation treat-
ments and management practices; (2) responses of other
resource -based products and uses ( timber, livestock, wild-
life, recreation, etc.) to treatments; (3) hydrology on
wildlands; and (4) vegetation resources, particularly of
Arizona.

Although WAMIS primarily reports studies done in
Arizona and the Southwest, the system also includes
references to studies done elsewhere in the United States.
Documents are mostly conference and symposium reports,
journal articles, and publications of various governmental
agencies, but also include theses, dissertations, progress
reports, and reviews.

*Research Assistant, Department of Watershed Management. This
project was supported in part with funds provided by the U.S. De-
partment of Interior as authorized under the Water Resources Re-
search Act of 1964, Public Law 88 -979.



Figure 1. At left, the author Linda M.
White, is mailing a computer retrieval
printout to person seeking information on
a given area.

Figure 2. At right is a schematic diagram
of banking and retrieval activities of
WAMIS.

Document

Information
Specialist

Document Preparation
a. Abstracting
b. Indexing
c. Keypunching

and proofing

BANKING RETRIEVAL

Printout of
citations and

abstracts

A

After documents are obtained for input to the system,
the information specialist analyzes, abstracts, and indexes
the references. Then citations, abstracts, and indexing
terms are keypunched and stored in the computer bank
( Fig. 1 - banking ) to await future retrieval.

The publication of a sample bibliography to serve as
an example of the material within the collection is antici-
pated during 1974 and will be available upon request.
However, the system is designed to respond to individual
requests for bibliographic references on a specific subject
basis.

When information is requested on some particular
topic by a user, the question is analyzed by the informa-
tion specialist in terms of key concepts, indexing terms are
selected for these concepts, and the computer tapes are
searched for references on this topic ( Fig. 1 retrieval) .

The user receives, in response to a particular subject in-
quiry, a computer printout of citations and abstracts re-
lating to the topic of interest.

WAMIS is designed to assist persons in finding in-
formation and invites users to correspond with the Depart-
ment of Watershed Management regarding search re-
quests. In such correspondence, the user, being as specific
as possible, should describe the topic for which the search
is to be conducted.

The specificity or generality of searches can vary,
from a computer printout of references on a topic as broad
as wildlife management to one of studies reporting sum-
mer storm runoff from chemically treated chaparral vege-
tation zones in Arizona. The more general the search re-
quest, the greater the number of citations that the user
will probably receive in response to a query.

In formulating searches, WAMIS suggest users follow
the structure outlined below in delineating areas of the
search, if it is appropriate to a search:

(1)

Computer
Bank

Analysis of Question
a. Selection

of keywords
b. Preparation

of search strategy

Indicate geographic location ( state, states,
region, or more specific locations such as river
basins or experimental areas) where research
has been done.

(2) Identify specific genus or species of plant( s) or
animal( s ) involved in the study, or the general
ecosystem.
Specify whether the site is disturbed or un-
disturbed, and, if disturbed, how it is disturbed
( for example, by wildfire, clearcutting, conver-
sion, or chemical treatment) .

(4) List the physical -biological attributes of concern
( i.e., forage production, wildlife habitat, revege-
tation, timber production, water yield, sedimen-
tation, or recreational carrying capacity) and /or
the social- economic attributes of concern ( i.e.,
tangible benefits, intangible benefits, direct
costs, or production functions) .

Define any terms that may have special meaning
in the search request. A sample listing of index-
ing terms used in the system are

logging ( timber ) water quality
conversion evapotranspiration
clear- cutting watershed management
forest products water loss
grazing sedimentation
land use interception
multiple purpose infiltration
range management surface runoff
brush control wildlife management
chemical controls wildlife habitats
soil management erosion control
distribution patterns flow measurement

(6) Please include any other information about the
request that will help clarify the type of citations
or information desired.

Address correspondence regarding the operation of
WAMIS or requests for searches to Ms. Linda M. White,
Department of Watershed Management, College of Agri-
culture, University of Arizona, Tucson, 85721. At this
stage of development, no charge to the user is required
for use of the WAMIS system.

(3)

(5)
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All the things You wanted to know about DDT..
(From Page 5)

ly terminated by a Federal ban ( see
Table 2) .

The environmental picture for DDT
in Arizona has changed little after four
years of State and Federal moratori-
ums as evidenced by the residue data
from green alfalfa, crop soils and
native desert soils, as shown in Tables

Table 3. Average DDTR Residues

which is increasing in amount.
DDT residue problems are not yet

past. The United Dairymen's Associa-
tion occasionally receives "hot" milk
samples with slightly greater than 0.05
ppm tolerance for DDT in whole
milk, but these grow fewer and resi-
dues smaller.

(ppm) in Green Alfalfa.
Sampling

Area
1967 1969
Aug. Jan.

1969
Sept.

1970
Sept..

1971
Sept.

1972
Sept.

Baseline Rd.
Salt River Valley
Final County
Yuma County

State average

.404 .102
.117
.088
.046

.037
.051
.086
.210

.045

.063

.050

.058

.032

.036

.049

.162

.026

.039

.031

.123

.088 .096 .054 .069 .055

3, 4, and 5. The alfalfa residues appear
to have leveled off at about 0.03 ppm.
The residues in soils have declined
negligibly, only in that DDT is de-
clining by being converted to DDE

At the time of the moratorium DDT
was losing its effectiveness against the
pests which were of greatest economic
importance. Laboratory tests showed
that the bollworm had become 9 -fold

The Mini: an Audio - Tutorial Technique

(From Page 7)

phasize that all experimental insect-
resistant entries are evaluated using
cultural practices identical to those
used by alfalfa growers in Arizona and
that seeding rate, cutting interval and
harvest management are identical for
all of the 3,000 replicated plots tested
each year. This is the end of the Mini,
but the lecture continues.

The Mini is so named because the
actual length of this entire presenta-
tion is eight minutes. This technique is
extremely useful in our Introductory
Agronomy course because such topics
as "High Lysine in Sorghum," "Grow-
ing Close- Spaced Cotton," "Hybrid
Barley" and "Hybrid Cotton" are not
yet available in textbooks and yet stu-
dents must be exposed to these new
principles of Agronomy.

The Mini technique accomplishes
more than just the exposure to new
research. It serves as a natural avenue
to introduce students to scientists who
are currently involved with research
on specific crops. Thus, students in a
sense know these people and feel free
to visit or write to them to obtain ad-
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ditional information. The Mini also
allows the student first -hand observa-
tion of how textbook techniques and
concepts are applied in real life situa-
tions. When students see and hear the
application of basic principles they
start to think and may actually apply
this knowledge beyond the video-
taped interview. This audio -tutorial
technique is extremely convenient for
classroom situations and is a time-
saver for the instructor and student.

The Mini, "Breeding for Insect Re-
sistance in Alfalfa," illustrated and
discussed on these pages has been
duplicated and sent by request to nine
other universities. In turn these Uni-
versities are reciprocating and provid-
ing 5 to 10 minute cassette tapes and
3 to 5 slides on new frontiers of
Agronomy in their respective areas.
This technique has greatly stimulated
our students in learning more about
the various research projects and cur-
rent technology in agriculture. Broad-
er, newer knowledge can be the only
end result for Agronomy majors with
this type of a teaching tool.

Table 4. Average DDTR Resi-
dues (ppm) in Soils
From Alfalfa Fields
Taken at 2 -Year Inter-
vals.

Sampling
Area

1969 1970 1972
Jan. Sept. Sept.

Salt River
Valley 1.58 1.82 1.64

Final
County 1.69 1.62 1.55

Yuma
County 0.82 0.75 0.78

State
Average 1.36 1.39 1.32

as tolerant to DDT in Maricopa Coun-
ty as in the generally untreated area
of Cochise County. In 1972 field ex-
periments, the bollworm -budworm
complex was scarcely affected by ap-
plications of 1.0 pound of DDT used
alone per acre while Lygus bugs were

Table 5. Average DDTR Resi-
dues (ppm) in Desert
Soils Adjacent to Agri-
cultural Areas Taken at
2 -Year Intervals.

Sampling
Area

1969 1970 1972
Jan. Sept. Sept.

Salt River
Valley 0.89 0.86 0.60

Final
County 0.40 0.57 0.44

Yuma
County 0.13 0.13 0.13

State
Average 0.48 0.52 0.39

also difficult to control at that rate.
To achieve control it was necessary to
apply DDT in combination with other
materials.

What is the future of DDT in Ari-
zona? Doubtful. DDT will probably
not be used in Arizona agriculture
during the next decade. When and if
it is again available its use will be
permitted only on cotton, on a tightly
controlled prescription basis, applied
only by ground equipment, under pre-
scribed weather conditions, and for
only a limited number of applications
per season.



Industrialization of Cashew

in the state of Ceara, Brazil

by Ralph L. Price, Luciano Flavio Frota de Holanda and José de Anchiéta Moura Fé

The cashew tree, Anacardium occi-
dentale L., is native to northeast
Brazil from where it has spread to
other parts of South and Central
America. It was introduced into
southeast Africa and India by the
Portuguese to help control erosion and
has since been planted extensively in
these areas. Because of its sensitivity
to cold, especially when young, growth
is limited to tropical areas, the tree
being cultivated in the U.S. only in
southernmost Florida.

The tree grows well in sandy coastal
soils, needs very little attention, and
does well with 30 -40 inches of rain-
fall per year. Rainfall exceeding this
amount, especially during the time of
blossoming, promotes the growth of
anthracnose which results in a fall of

leaves and blossoms and a decay of
forming fruit. All of these factors con-
tribute to a considerable reduction in
yield.

Each tree averages 30-40 feet in
height, starts producing in the third
year, and when mature, after about
15 years, may produce 50 -100 pounds
of nuts. Because of the open nature of
the foliage, cashew trees can be grown
with another crop, the young trees
with beans, cotton, corn or casava
and the mature trees with pasture. An
experiment at the present time by the
University of Ceará at the Ministry of
Agriculture farm in Pacajús, Ceará, is
measuring the effect of pasture and
livestock production in established
cashew orchards.

The cashew nut, which is the true

Table 1. Average Quantity of Cashew Nuts Shelled by Individual
Firms in Ceará.

Firm Name
Brasil Oiticica
Fortaleza Agro - Industrial S.A.
(FRISA) 6.000
Caju do Brasil S.A. (Cajubras) 5.000
Oliveira Cavalcante e Cia.
(OLICAL) Fortaleza 3.000
Companhia Brasileira Industrial
de Castanha (COBICA)
Cascaju
Casa Quirino Rodrigues
Katu do Brasil S.A.
Ind. e Agr. Castanha e Oleos
(IACOL) 2.000
Companhia Industrial Oleos do
Nordeste (CIONE) 4.000
Incassa 1.200
Indústria Agr. Castanha do
Nordeste (ICANORTE)
Araújo e Alves - Lindoia
Exportadora Pontes Ltda.
Caucaia Industrial S.A.
Castanha de Caju do Nordeste
(CAJUNORTE) Bela Cruz
Camará Agro -Industrial Pacajús
Source: CODEC Companhia de Desenvolvimento do Estado do Ceará

Location
Fortaleza

Metric Tons /Year
7.000

Fortaleza
Fortaleza /Pacajús

Fortaleza
Cascavel
Sobral

Fortaleza

Bela Cruz

2.200
3.000
2.000
2.000

Fortaleza
Sobral

Marco
Fortaleza
Fortaleza
Caucaia

fruit, is encased in a hard, but resilient
kidney- shaped shell, which hangs sus-
pended from the soft, pulpy, peduncle
( cashew apple ) . The cashew apple
has a distinctive aroma and is either
red or yellow with an orange mixture
of the two appearing frequently. This
color difference has been the basis of
the only varietal differentiation used.
Another important difference in
cashew apple is in the taste of the
juice, which is either sour, sweet, or
rancid ( astringent ) . Because of the
universal practice of propagation from
seed, extreme variabiilty in size and
shape of both the nut and apple is
seen. Attempts to standardize nut size
by plant breeding have been hindered
by the heterozygous nature of the
plant, and attempts at grafting of
proven plants have usually resulted in
rejection of the graft by the tree. Suc-
cessful grafts of cashew trees carried
out by Dr. LeMoyne Hogan of the
University of Arizona in conjunction
with the personnel of the Pacajús Ex-
perimental Station and the University
of Ceará may help lessen variability
in future plantings.

Although Brazil produces only 5
percent of the world's cashews, its
production is expected to increase
greatly in the next few years because
of the emphasis and subsidies which
are being given to this crop by the
Brazilian Government. Another factor
which has given added impetus to the

600 'Assistant Professor, University of Arizona
2.000 Advisor in Food Science, USAID Contract
1.000 LA -145; Associate Professor in Food Tech -
2.300 nology Universidade Federal do Ceará, For-

taleza, Brazil; Former Graduate Student,
500 University of Arizona, Associate Professor in

2.000 Food Technology, Universidade Federal do
Ceará, Fortaleza, Brazil.
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increased production of cashew has
been the more than 50 percent in-
crease in 1973 of the price of the
shelled cashew nut and the 65 per-
cent increase in the price of its major
by- product, cashew nut shell liquid, on
the world market. This increase in
supply will be welcomed by the
cashew industry of Ceará, which pro-
duces about 68 percent of Brazil's
cashew crop, because processing
plants in the state have been operat-
ing at about half capacity in recent
years due to lack of raw material. At
present the average q u a n t i t y of
cashew nuts processed by each of the
seventeen firms in Ceará is about
3,000 metric tons.

Products from the Cashew
The shelled nut comes in various

sizes, shapes, and shades and is the
most important cashew product.
Those nuts which have the highest
market value are the large, unbroken,
white kernels which have no evidence
of spotting or of insect damage. The
simple splitting of a kernel will de-
crease the value of a given weight of
the nuts by almost half with a cor-
responding decrease in value for
further breakage or darkening.

The spongy interior of the cashew
nut shell contains a substance known
as cashew nut shell liquid ( CNSL)
which is very valuable for use in the
formulation of plastics, paints, print-
ing inks, and synthetic resins. It con-
tains at least two phenolic compounds,
anacardic acid and cardol, the latter
being very irritating to the skin and
eyes. Over 400 patents have been filed
for the industrial use of this liquid,
one of the most important being the
manufacture of brake linings to which
it imparts excellent frictional and anti -
fade characteristics.

The peduncle or pseudo -fruit ( ca-
shew apple) is very thin -skinned and
perishable, somewhat resembling a
pear in size and shape. The juice and
fruit are very desirable to the inhabi-
tants of Brazil, and the majority of
the crop which is used is eaten in the
raw state. Extracted juice has a pH
of about 4, a titratable acidity of 0.14,
a Brix of 8 -12, and has a very high
content of Vitamin C, 200 -300 mg /cc,
surpassing the citrus fruits in that re-
spect. Because of a fairly high tannin
content, 0.4 percent, the juice has an
astringent or puckering effect. Spilled
cashew juice produces an indelible
stain on clothing because of the re-
action of tannins with the iron in the
wash water.
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Figure 1. A young three year -old cashew
tree which is planted under orchard con-
ditions.

Harvest of the Cashew
Generally the cashew nut and the

cashew apple do not mature simul-
taneously. The nut requires a few ad-
ditional days to reach full maturity
and will be at its optimum ripeness
when the cashew apple has over
ripened and together with the nut, has
fallen to the ground. If it is desired to
use the cashew apple, collection must
be made every day. Otherwise, as
happens in most cases, the cashew
apple is discarded, and only the nut
is gathered. Eventually the nuts are
sold to a central collecting organiza-
tion which distributes them to each
firm according to its capacity for
shelling, sorting and packing.

Industrialization of the

Cashew Apple

Products that can be made from
the juice and fruit are similar to those
made from fruits in the U.S., i.e., jelly,
jams, various concentrations of turbid
juices and nectars, and whole, canned
cashew apples. The most popular item
is probably the bottled, pulpy juice
from which a refreshing cashew drink
can be made by dilution with water
and addition of sugar and ice. This
drink can also be prepared in season
from the fresh cashew apple and is
liked by the majority of Brazilians. In
addition, two typical Brazilian pro-
ducts are made, cajuína, a clear drink
made by precipitating the tannins in
the juice with glue or gelatine, filter-
ing through nylon cloth, bottling and



sterilizing. This drink is somewhat like
apple cider. Doce de Cajú, a semi -solid
dessert item, is made with the addi-
tion of sugar, acid, and pectin to the
pulp and concentrating to a Brix of
over 70 before packing and cooling.
A small amount of cashew wine is
also made. It is estimated that less
than 10 percent of the annual pro-
duction in Ceará of the cashew apple
is used industrially with the rest either
wasted or eaten by individuals. Only
one firm in Ceará has facilities for
utilization of the cashew apple. In
India up to 85 percent of the crop is
not utilized at all.

Industrialization of the
Cashew Nut

Upon arrival at the factory, the ca-
shew nuts are stored in piles or are
air dried in the sun depending on their
moisture content. When they are

Figure 2. Mature bearing cashew on the
campus at Centro de Ciencias Agrarias,
Forteleza. The technician is Antenor Silva.

needed they are removed from the
piles and are cleaned.

In order to break down the spongy
area within the shell and allow the
release of the shell liquid ( CNSL ),
the nuts receive a heat treatment. The
heat also causes the inner surface of
the shell to retract slightly from the
kernel, facilitating shelling. This treat-
ment can either be by auto-claving or
by submersion in heated, previously
extracted, shell liquid. The latter pro-
cess also extracts about 20 percent of
the shell oil from the nuts during heat-
ing. The nuts are then cooled and
tempered for 12 -24 hours before shell-
ing.

Shelling of the cashew nut is one
of the most difficult and time con-

suming operations in the factory be-
cause of the kidney -like shape of the
nut, the resiliency of the shell, and
because of the fragility of the kernel.
In one company in Ceará this opera-
tion has been mechanized, with the
tempered nuts being thrown at a cer-
tain angle against a whirling drum
until broken. In all of the other fac-
tories in Ceará, the nut is opened by
hand, the operator having two knives
mounted in a small platform. Each
nut is placed in a slot, the knives
moved together by a foot -operated
lever and one of the knives moved at
right angles, thus opening the shell.
The kernel still must be removed
from the bottom half of the shell with
a sharp instrument. At this point the
shells and kernels are hand separated.

The shells proceed to presses for
the removal of a part of the CNSL
and then are ground and extracted
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with solvent for removal of the re-
mainder. The CNSL is filtered and
then heated to 150° C. for decarboxy-
lation of the anacardic acid. After
cooling it is ready for exportation.

To loosen and to partially remove
the brown skin ( testa ) which adheres
to the kernels, the kernels must be
treated with steam and agitated vio-
lently. After removal of the last bits
of the testa, the kernel is sorted ac-
cording to size and color. Cashew nuts
are separated into 12 different grades
with the largest, white, whole kernels
receiving the highest grades, and the
brown cashew bits receiving the low-
est.

The majority of the cashews are
then vacuum packed into 5 gallon
cans and sealed for export, mainly to
the United States. A small amount
of lower grade nuts are roasted in
coconut oil, salted, and vacuum
packed for domestic consumption.
The spotted nuts and pieces are also
roasted, broken, and sold along with
the other small pieces to the con-
fectionary trade.

In 1970, over 6,000 metric tons of
shelled nuts with a value of almost
seven million dollars were exported
to the exterior through the port of
Fortaleza. In addition, almost five
thousand metric tons CNSL with a
value of over half a million dollars
was exported.

Research
Because of the increased plantings

of cashew and because of the expect-
ed increase in cashew production in
Northeast Brazil, a process to mini-
mize breaking of the kernel during
processing and a way to utilize the
great portion of unused cashew apples
would be of great financial benefit to
Northeast Brazil.

When either mechanical methods or
hand labor are used during shelling
and de- skinning operations, at least
50 percent of the kernels are split or
broken. In addition, steam heating the
kernel causes it to darken. Because of
the lighter, higher quality kernels pro-
duced, the greatest advantage lies in
mechanical shelling, but the initial in-
stallation is expensive, is as yet a
secret process, and still results in a
great loss. A similar, patented English
process, used largely in Africa, is
available and is being considered by
several firms. One of the factors which
has held back development of me-
chanical methods is the complete non-
homogenity in size and shape of the
unshelled nut.
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Figure 3. Typical cashew apple with nut
attached. This production frequently ap-
pears in clusters.

Much breakage also occurs during
the removal of the testa. Hot lye peel-
ing, a common method of removing
peel from delicate fruits and vege-
tables, was attempted by the Depart-
ment of Food Technology of the Uni-
versity of Ceará in cooperation with
technicians of the University of Ari-
zona with some success in removal of
the testa. However, because of the
high tannin content in the testa, the
lye solution immediately turned black,
and the kernels, after washing and
drying had an undesirable blue tinge.

Some promise has been shown in
experiments involving thermoshock of
the testa by passing the warm, shelled

PROGRESSIVE

AGRICULTURE

IN ARIZONA

to

nuts through a cold area with slight
agitation. Exact conditions of humid-
ity, temperature and cold air velocity
are still under investigation.

Continued progress in the develop-
ment of uses for the cashew apple will
help utilize this largely wasted pro-
duct. At present, the demand for
bottled cashew juice in Brazil exceeds
production and the cost of transporta-
tion to the south of Brazil excessively
elevates the price to consumer. Al-
though the dehydration of this juice
has proven difficult, continued re-
search into drying methods and condi-
tions can produce an instantized,
dried cashew juice. Successful liophil-
ization of cashew juice by the Depart-
ment of Food Technology has shown
this to be possible.
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