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Preface

It was decided that the proceedings of the guayule
conference would be limited to technical presentations and
pertinent comments either made verbally during the con
ference or submitted in writing. Introductory remarks
have been eliminated. Because of financial restraints
only a limited amount of illustrative material could be
included. In cases where slides or other projected
material were used by the speaker, the editor rewrote the
transcribed talk. Usually this resulted in a shorter
account or even a brief summarization.

Where a paper was turned in it was used for the
proceedings along with any off-the-cuff remarks that
seemed appropriate.

Wherever possible, the person asking a question or
making a comment has been identified, but in many cases
this was impossible.
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INTRODUCTORY REMARKS

William P. Miller
Special Projects Officer, Bureau of Indian Affairs

To speak to the distinguished scientific researchers, Indian tribal leaders
and other participants of this guayule "Conference" is a great honor. This priv
ilege carries with it a responsibility to make a few introductory remarks on the
purpose, importance and why, now at this time of our economic/industrial history,
we should make a modern technological assessment of this rubber-producing shrub and
again consider it as a possible new crop for arid and semiarid regions.

Before doing this, I would like to express on behalf of the Department of the
Interior, Bureau of Indian Affairs, our gratitude to those other Federal depart
ments who have joined us in financially supporting this Conference and the follow
up study by the National Academy of Sciences. Specifically, we wish to thank Mr.
Mort Baill, Director, Office of Technical Assistance, Economic Development Admin
istration, Department of Commerce; Dr. George Blue Spruce, Director, Office of
Native American Programs, Department of Health, Education and Welfare; and espe
cially Mr. Paul A Vander Myde, Deputy Assistant Secretary, Department of Agricul
ture, and the Director, Agriculture Research Service, who have assisted us in
evaluating the merits and scope of this first phase effort to conduct a modern
technological assessment of the guayule plant. In general, we extend our special
thanks to the University of Arizona who has done a superb job in hosting the Con
ference and researching and publishing a bibliography on guayule. In particular,
we owe thanks to Dr. William McGinnies for his excellent work in directing the
organization and conduct of the Conference.

Briefly stated, there are, among others, seven reasons which provide us with
the rationale and justification to study guayule at this time. They are:

(1) Rubber is a strategically important material and the U.S. now depends on a
natural rubber supply that is 10,000 miles from our shores. Since there are only
a few rubber-producing nations, there is a monopolistic control over its supply
from an area in the world which appears to be reassessing its political and military
alliances. Therefore, guayule is worth investigating even if only to clarify its
strategic implications.

(2) Related to its possible strategic importance is that the rubber-producing
nations are openly considering setting up a rubber cartel. If this does occur, the
U.S. and other user nations of natural rubber will be vulnerable to possible fluc
tuations in the price levels of rubber which would be influenced more by political
and military rationals rather than purely economic ones.

(3) Primari1y,because of the controls which the OPEC nations have on the existing
supplies of our imported petroleum, President Ford has asked the nation to seek
domestic alternatives to imported petroleum. Guayu1e may possibly be one. Its
rubber is hydrocarbon, the same class of molecule that is in petroleum. Today it
seems very important to study plants that produce hydrocarbons for the nation's
industry.

(4) Natural rubber has retained a strong market and today it is very much in de
mand. It is now predicted that by 1980, 40% of all rubber sold will be natural
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rubber. In the 1940's it was thought that man-made substitutes would so dominate the
market that research on guayule was not justified. That may have been corlrect then;
today, it might not be.

(5) In the 1940' s gasoline sold for 20 cents or less. Today, it is betweell 55 and
68 cents. Synthetic rubbers are very seriously affected by the skyrocketillg petro
leum prices because they are made from petroleum feedstocks. This conditicJn casts
guayule economics in a new light today. In 1953, the ARS stopped guayule lresearch
because of economic and international political and trade considerations; ~ow re
newed research may be justifiable, even on economic grounds and in the light of the
shifting international alliances which are now taking place in the Far East.

(6) In the last 30 years, there have been tremendous breakthroughs in scil~nce and
technology: in plant genetics, in· agricultural technology (such as pest cCJntrol,
weed control, mechanization, etc.), in chemical instrumentation, in chemical engi
neering, and in rubber technology. There are new techniques unknown at th~~ time of
the former guayule projects. Today, it may be possible to revolutionize guayule
production to make the former projects appear like high school and college level
experiments.

(7) The present economic development crisis on our Indian reservations danands that
the BIA take every initiative possible to evaluate the feasibility of new business
opportunities and to formulate projects which may have a high economic potl~ntial for
significantly easing the high unemployment and under-employment rates (as high as
49% to 90% on reservations here in the Sonoran Desert region of the SouthWI~st).

In the light of these reasons to hold this Conference and modern study of gua
yule, it is our hope that this effort to bring science and technology to bl~ar on
some of the critical economic development problems and issues which face this nation
and the developing world will be particularly successful in turning recent research
results into a usable and practical form so that the appropriate decision tnakers in
government and the private sector can decide whether or not guayule has merit for
consideration to be developed as a domestic source of natural rubber.

On behalf of the Department of Agriculture, Department of Commerce, DE~partment

of Health, Education and Welfare and Department of the Interior, I wish you success
in your efforts to objectively assess the future potential of guayule.

Thank you.

2

•

•

•

•

•

•

•

•

•



-

•

•

GUAYULE PRODUCTION PRIOR TO WORLD WAR II

W.A. Droze
Texas Woman's University, Denton, Texas

Guayule, a shrub which resembles the sagebrush, grows wild in North-Central
Mexico and nearby areas and in the Big Bend region of Southwestern Texas. The
plant usually attains a height of two to three feet and has crooked, brittle
branches. Its slender leaves are grayish-green, and it produces inconspicuous
yellow flowers on short slender stems.

Guayule was "re-discovered" in 1852 by Doctor J.M. Biglow, M.D., while the
doctor was a member of the Mexican Boundary Survey party. Biglow collected speci
mens of the plant growing near Escondido Creek in Texas and sent them to Professor
Asa Gray of Harvard University. In 1859, Gray first described guayule scientifi
cally and gave it its botanical name Parthenium argentatum.

Long before the scientists described the guayule plant in the mid-19th cen
tury, North American Indians had discovered that it contained rubber and that the
rubber could be extracted by the mechanical process of chewing--a process not sub
stantially different in principle from the pebble mill method of extraction. The
rubber was gained by the communal mastication of the bark of the guayule plant.

According to a Spanish visitor to Central Mexico in 1510, 342 years before Dr.
Biglow's discovery of the guayule plant, Aztec Indians "had a game which they played
with balls made from the juice of a certain herb."l Although the Indians probably
gained their rubber from guayule, it is also recognized that other plant sources of
rubber were available to them.

Lloyd tells us of still another use of the guayule plant. He relates that be
cause of the plant's resin content (which made it burn with a fierce, hot flame,
like a pine knot) it was used to fuel the Mexican adobe smelters in mining areas of
Northern Mexico. This means of utilization resulted in the depletion of "thousands
of acres" of guayule. 2 The plant also fueled the bread ovens of Mexican women in
the northern provinces of Mexico until it was established that the shrub had a more
valuable use.

Known by the Indians for many centuries as a source of rubber, it was not until
the last quarter of the 19th century that the demand for rubber directed attention
to the guayule plant as a possible source of latex or caoutchoc. In 1876, the Soci
ety of Natural History of Mexico began to study the plant's potential as a source
of rubber and, in conjunction with the State of Durango and the Mexican government,
sent an exhibit of guayule rubber to the Philadelphia Centennial Exposition of that
year. The Centennial Exhibit did not attract the immediate interest of American
developers, and presumably the shrub received no further attention other than that
of the playfully-inclined Indians, or that which it received regarding its other
non-rubber uses.

Commercial exploitation of guayule began in 1888. In that year, John Cheever
of the New York Belting and Packing Company sent an agent to Mexico to procure a
quantity of "guayule bark." Apparently, the firm believed the latex to be contained
only in the bark portion of the shrub. Much to the dismay of his supervisors, the
agent sent back to New Jersey 100,000 pounds of bark, stem, leaves and all. The
freight bill on so much useless woody by-product discouraged further importation.
The firm made the best of what was considered a bad situation by stripping the bark
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from the plant, boiling it, and extracting whatever rubber remained. Frei.ght and
labor costs made for an extremely expensive product but the quality of the rubber
produced was regarded as excellent. 3

The 1888 venture demonstrated that the guayule shrub provided quality rubber
but at great expense. About the same time, English and German scientists began to
explore the potential value of guayule rubber. The first German contact w'ith the
shrub was not exciting. The rubber, sent to Germany, was produced by the chewing
of the bark by Mexican natives. The German chemist reported that guayule rubber
had no future cOUDllercial value. 4 The advocates of guayule refused to give up, and
other shipments were sent to German chemists for processing. By 1900, Hamburg
entrepreneurs were marketing small amounts of guayule rubber which had been obtained
by treating the plant with caustic soda, or dissolving the rubber from the plant.
The year before, an Italian scientist, William Prampolini, had patented a method
of extracting the rubber by using solvents. Prampolini revealed his method to Amer
ican promoters Thomas F. Ryan and Senator Nelson W. Aldrich, who shall receive more
attention anon. The solvent method of extraction, though expensive, awakened the
Mexican government to the commercial value of the guayule shrub. A tax of 15 pesos
per ton was imposed on guayule exports which brought the extraction phase of rubber
manufacture to the guayule fields of Mexico.

The first Mexican guayule factory was established by German capital at Jim
ulco, Mexico, in 1902. It employed a solvent process of extraction. Although
chemical extraction was costly, the Compani Explotadora de Caucho Mexicano began
marketing its product in 1905. The future of the firm's efforts would soon be
doomed by Yankee ingenuity. The solvent method used by the company was too expen
sive and yielded too little of the plant's latex. A better method of separating
the rubber from its woody prison was imperative if the guayule industry were to
prosper.

An American, William A. Lawrence--forty years a chemist--whose firm had been
extracting hops by means of gasoline, developed a mechanical method of extraction
which eventually replaced the solvent method. E.B. Aldrich, a financier and pro
moter who was interested in developing guayule rubber, believed that the extraction
process which utilized gasoline might be adapted to rubber production from guayule.

Lawrence took six months to prove that the gasoline extraction process was un
workable. He concluded that one should try to get the wood out of rubber instead
of getting. the rubber out of the wood. An alkali process was tried first. Although
unsatisfactory, Lawrence observed that when the shrub was ground in the presence of
water, a fiber rubber was formed. Howard and Ralph Wolf described Lawrence's meth
ods accordingly:

Working in a temporary laboratory at his home in Jamaica, Long
Island, with the assistance of his chemist daughter, Clara Louise,
he ground up some dried shrub in the household coffee mill, and
rolled it in a glass fruit jar with water and a handful of pebbles.
Rubbing and pressure in the presence of water described the proc1ess
in the patent which he [Lawrence] took out in 1903. 5

Lawrence's extraction procedure was so promising that he and promoter Aldrich
iUDllediately went to the guayule-producing region of Mexico to determine thle avail
ability of the shrub for processing. Assured by their visit that an adeqUjlte supply
was obtainable, Aldrich and Lawrence established a small extraction factory using
"a regulation size pebble mill" in New York. The first production by the ;lew
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process was sold to the Manhattan Rubber Company in 1904. Possibly because of
freight expenses and Mexican import taxes, the guayule extraction process was
forced to return to the source of the shrub. Aldrich and Lawrence established a
small factory at Torreon, Coahuila, Mexico, in 1904; and the truly successful
"commercial extraction and processing of guayule rubber" was initiated. 6 In the
same year, E. Delafond, a French chemist, discovered that "when pulverized guayule
was treated under pressure, the woody fibre became water logged and separated from
the rubber.,,7 Delafond's patent was later purchased by the successor of the Aldrich
Lawrence enterprise. The small mill at Torreon proved very successful, and it
shipped 50 pounds of crude rubber to the United States late in 1904. 8

The success of the small mill led to larger ventures. American ingenuity and
initiative were joined by American capital. In January, 1906, the Continental Rub
ber Company was formed with a capital of $30,000,000 to exploit more fully the
Lawrence and Delafond patents. E.B. Aldrich was the president and William Lawrence
was vice president. Other major shareholders were Thomas F. Ryan, Senator Nelson
W. Aldrich, Bernard M. Baruch, Meyer Guggenheim and John D. Rockefeller Jr. Later,
two subsidiary companies were formed--one to concentrate on developing a supply of
guayule through the purchase of a vast tract of land in the heart of the guayule
country of Northern Mexico, and the Continental-Mexican Rubber Company which would
build a larger mill at Torreon, modeled after the smaller factory built in 1904.
The new facility had a capability of producing 12,000,000 pounds of wet rubber
annually. 9

The success of Continental Rubber Company spawned competitive ventures. Ex
traction plants were established at San Luis Potosi, Saltillo, Monterrey Gomez
Palacio, and Jimulco in Mexico and at Marathon, Texas by the Texas Rubber Company
(formerly the Big Bend Rubber Company) to use the native guayule of the Big Bend
Country.

The Madero brothers, Francisco and Gustavo, who acquired a huge area of wild
guayule and developed eight factories to process the shrub, were the largest com
petitor of Continental Rubber. Guayule rubber made Francisco Madero wealthy and
made possible his successful revolution of 1911 which, in turn, made him president
of Mexico for a season. }mdero's financial success in exploiting 2,000,000 acres
of the guayule plant made it difficult for him to maintain his image as an advocate
of the landless Mexican peon.

The rapid expansion of the guayule rubber extraction industry in Lloyd's words
"soon became a matter of moment to determine the relation of supply of the shrub to
the manufacture .... "lO An early estimate determined that the total supply of the
plant in Mexico was 375,000 tons. Between 1888 and 1911 the rapid harvesting of
guayule had consumed approximately 60 percent of the then available native guayule. ll

Lloyd's calculations gave a more optimistic projection of the available supply, but
he concluded in his report of 1911 that "the total amount of virgin shrub is suf
ficient to last no more than four to six years at the present rate of consumption.,,12
Concern over the use of the plant was indeed warranted, for between 1906 and 1912
the world's rubber supply was increased by 128,000,000 pounds of guayule rubber, a
rate of production which nearly equalled the rubber output of plantation Hevea for
the same period! Had not the Madero Revolution of 1911 intervened and closed the
guayule factories, it is almost certain that the plant would have become extinct in
Mexico. Aiding the course of destruction was the increasing price that land owners
obtained for guayule which rose from $7.50 to $50 per ton by 1911. For Cont.inental
Rubber, which had invested about $30,000,000 in guayule facilities, and which took
over the Madero Company in 1911 and was reorganized as the Intercontinental Rubber
Company, it was clear what had to be done. It was obvious to guayule processors

5



that domestication and cultivation of the plant was mandatory if the industry were
to survive.

Foreseeing the fate of native guayule led the Continental Company to undertake
experiments in the cultivation of the plant in 1907 at its Cedros ranch. In 1908,
German rubber interests also initiated a program of planting in East Africa. These
early efforts produced few results. Lloyd, writing in 1911, four years after the
Continental Company began its trials, devoted only two short paragraphs tC) the sub
ject of guayule cultivation, a situation which is indicative of the progr4~ss which
had been made in the ensuing four years. 13 The Mexican government also rl~cognized
the need to conserve this valuable resource and initiated a policy which prohibited
the harvesting of guayule plants "when diameter at the ground line was smaller than
a man's thumb."14 When the price of guayule reached $SO per ton, the Mexican peon's
thumb grew very small! Sustained yield Mexican-style was obviously not the answer.

The seriousness of the problem was made more dramatic by the closing of several
processing plants because guayule supplies were unavailable. In 1910, Continental
Rubber renewed its efforts to cultivate the shrub. At that time, Dr. W.B. McCallum,
a young but talented botanist, was employed by Continental Rubber and sent to the
firm's Torreon, Hexico ranch to direct experiments in cultivating guayule,. The
company had previously engaged Professor Francis Lloyd of Alabama Polytechnic In
stitute (Auburn University) to study the plant. Lloyd's report, published in 1911
under the title Guayule--A Rubber Plant of Chihuahuan Desert, is still a valuable
textbook for studying the plant. McCallum began his work in 1910 and aftl~r seven
teen years of trial and error, but patient devotion to his goal, succeeded in
"transferring the plant from its wild home to cultivated fields." McCallum saved
the guayule industry from extinction, but his achievement was not accomplished in
easy fashion.

McCallum immediately faced two rebellions. One was that of the guayule shrub
which resisted civilized growing. Cuttings were planted but few took root. Seed
collections produced largely chaff. Moreover, the minute wild guayule sel~ds were
frequently barren or only partially developed. One of the first tasks was to de
velop plants with full seed vessels. While these experiments were being eonducted,
Northern Mexico fell victim to prolonged civil strife and ultimately revolution and
civil war. Both the factories and the experiments had to be abandoned.

In 1912, McCallum was instructed to gather a seed supply and to move his cul
tural operations to the United States. The Mexican government refused to allow
McCallum to carry guayule seeds from the country. According to Ken Taylor, Dr.
McCallum hid his seeds in a tobacco tin which Pancho Villa's border guards ignored
when McCallum was searched at the border. lS Four hundred acres of land nE!ar San
Diego were purchased in 1912 to begin cultural operations. Time does not permit the
cataloging of all of the trials and tribulations that Dr. McCallum underwent to get
the seedlings to grow, to speed up the plant's growth, and to grow a plant: that
would maintain a consistently acceptable level of latex content. I will Dlention
only a few.

Rapid plant growth and plenty of rubber content became the twin goals of the
botanist. Plots of guayule were planted throughout the Southwest in order to pro
duce plants that would fulfill these objectives. Arizona was the recipient of one
such plot, and McCallum moved his base from California to a location just south of
here. Arizona plants were no more suitable than those produced near San Diego-
low rubber content was the minus factor. McCallum's test plots results eventually
led him to the Salinas Valley of California, which appeared to have the most suit
able climate and soil and the most available land for producing shrubs with an
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acceptable amount of latex. In 1925, Salinas, California, was made the center of
Intercontinental Rubber's cultural operations; and during the next several years
some 8,000 acres of guayule were planted in the Salinas Valley. Contracts were
made with valley farmers to grow the shrub.

Early in 1931, even though depression stalked the land and rubber prices
followed the downward spiral of the business curve, American Rubber Producers, a
subsidiary of Intercontinental Rubber Company, built a $150,000 extraction factory
in Salinas. Modeled after the mill at Torreon, Mexico, the new plant could handle
the output of 7,000 acres of machine-produced guayule. During the next decade,
3,068,630 pounds of guayule rubber were produced by the Salinas factory or about
700 pounds for each acre harvested. If 1925 prices of $1.23 per pound had continued
into the 1930's, the mill would have been a gold mine. However, cartel controlled
prices were terminated in the 1930's and the price of rubber fell to a low of three
cents per pound. In 1933, guayule growing and processing became unprofitable.
Valley farmers who had contracted to produce guayulg for Intercontinental plowed or
burned their fields and turned to irrigated crops.l

Depressed rubber prices led company officials to seek government aid. Wash
ington was approached on the basis that an independent source of guayule would be
a valuable asset to the nation's security. The effort was successful in gaining
governmental interest, for early in 1930 Majors Gilbert Van B. Wilkes and Dwight
D. Eisenhower arrived in Salinas to study guayule as a rubber source. In June,
1930, the officers reported very favorably on the possible utilization of guayule
rubber if foreign sources were unavailable. Interestingly, the report pointed out
that the growing and manufacture of guayule could give "profitable employment to
some thousands of American farmers, mechanics, and laborers."17 Majors Wilkes and
Eisenhower recommended a program of governmental purchase of 30 cents per pound to
assure a source of domestically produced rubber. The proposed price appears quite
satisfactory since the firm computed their production cost at 13.26 cents per pound.
The report also pointed out that a domestic supply would give protection to American
consumers from Far Eastern cartels' controlled prices.

The report had little, if any, impact on the Hoover Administration, which was
being besieged by far more powerful economic groups--also victims of depression--in
search of governmental support. Intercontinental Rubber was left to its own de
vices. Prices continued low throughout the 1930's but a gradual incline began after
1933. By 1941 plantation rubber prices in the New York market reached 22-1/2 cents
per pound. The price rise kept Intercontinental in business and Dr. McCallum at
work on producing better seeds.

As the Far Eastern power balance began to change in the mid-1930's, guayule
was destined to have a more important place in the nation's defense posture. By
1939, Japan's military successes in China and its potential threat to tHe rubber
plantations of Southeast Asia further enhanced governmental interest in guayule
as a protected source of rubber. On June 12, 1941, Representative John Z. Ander
son of California introduced a bill in Congress which provided for the federal gov
ernment to take over the facil~ties of the Intercontinental Rubber Company, but the
bill was not passed. After Pearl Harbor, in December, 1941, with the Japanese in
control of the Hevea plantations in Southeast Asia and synthetic rubber manufacture
still an infant industry, and facing a critical shortage of rubber, Congress in
March, 1942, directed the Department of Agriculture to purchase the buildi.ngs of
Intercontinental Rubber and initially to plant 75,000 acres of guayule for rubber
extraction. A month later, President Roosevelt allocated $884,000 to the Emergency
Rubber Project; and on February 10, 1942, Major Evan W. Kelley arrived at Salinas.

7



Kelley's associate, Paul Roberts of the Forest Service, former director o:f the
Great Plains Prairie States Forestry Project and an expert in the administration
of emergency projects, along with Henry Lobenstein, John Emerson, and oth4ar former
"Plains Shelterbelt" personnel joined the project on February 15, 1942. 18 Soon
thereafter many of you here this morning found your way to Salinas from the shel
terbelts of the prairie-plains or from the Service's regional offices. Guayule
culture, rubber extraction, and a myriad of other tasks were begun on an tamergency
basis and in an escalating fashion. The "Breakfast Conference" presided tJver by
Kelley and Roberts made it all work. 19 In a matter of months the nation llad devel
oped an independent source and a small supply of natural rubber.
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ILLUSTRATED REVIEW - EMERGENCY RUBBER PROJECT*

W.A. Campbell
Plant Pathology and Indicator Plots, Emergency Rubber Project

*It was impossible to include slides in the proceedings, but it was believed that
this shortened version of Dr. Campbell's talk should be included as it does contain
a great deal of useful information on the Emergency Rubber Project.

I am going to show you a group of slides which were put together at Salinas,
California, at the end of 1943, and which were used at Washington at the Congres
sional Hearing for the appropriation for the 1944 fiscal year. Most of these
slides were taken with an old Argus CC camera, which would be rather primitive when
compared with today's photographic equipment. This group of slides came back to me
in a nice little wooden box after they were used in Washington, and I have kept them
ever since. Just within the last three or four months I have been trying to find
out what to do with myoId guayule relics. I was trying to find some hope for them,
and I think I am going to leave them now with the University of Arizona. They seem
to be more interested in guayule here than anywhere else. What you are going to
see will be the operation of the guayule project during 1942 and 1943.

Perhaps in this first slide you will recognize Dr. Lloyd, who was the man who
wrote the monograph on guayule. Dr. Lloyd came to this project early and I believe
that he died before its termination. But this is Dr. Lloyd as he was when he visit
ed Salinas about 1942 and I was fortunate enough to get this picture of him.

This slide shows Dr. McCallum, and those who were on the old project say this is
a very good likeness of him. This is Dr. McCallum as he appeared to most of us, but
in this particular photograph he is not wearing his black overcoat, which he says
that he acquired when he first moved to Salinas. He wore it summer and winter from
that time on. I think his son, who is here in the audience, perhaps appreciates the
remark about the overcoat because it was a real necessity. You never knew when you
had summer or winter in Salinas.

This slide shows the Intercontinental Nursery at Salinas as it was in 1942. As
you can see, it is about 20 acres of nursery with buildings in the back and the duck
boards on which the carts are running. These were considered necessary in order to
keep the machinery from miring in the mud at Salinas and at this particular nursery
site there was a wethole. In the winter time it would get very wet and if they did
not have these duckboards, their equipment would sink in the mud.

Here you have the largest and oldest of the plantings of the Intercontinental
Rubber Company as it was when we arrived on the scene. This shows the older shrubs
which have completely filled the bed. Here is Dr. McCallum and you can see from his
knees how high the shrubs were. It probably was a warm day because he does not have
his black overcoat on. This shows the shrub which we are getting ready probably for
processing, assuming we could get a large enough crew to work on it.

This is the processing mill at Salinas which shows the general appearance of
the plant. These are the pebbles which came, I believe, from Denmark because they
didn't have any of the right kind at Pebble Beach, or wherever they had pebbles.
These pebbles were an important part in the milling process.

Here are the nursery beds, machinery to develop and plant them, lay the seed
down, cover it with a very uniform layer of sand, and in this particular slide
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which was taken after 1942, it shows that we have no duckboard. What happened was
that when we took over the secrets of the Intercontinental Rubber Company we had to
use their secrets. And one of the secrets was the duckboard in the nursery bed,
and in the dryer nursery sites we used them until they were not needed. They proved
to be a hazard because the ends of the planks would curl up and instead of the
wheels going over them they came up over the wheels.

Weeds almost took over the project, as this slide shows, about March or April
near Salinas. During the first year the weeds came up faster than the guayule. If
it hadn't been for about 6,000 women, mainly from around Salinas, the project would
have ended in a weed patch. This shows the weeds and the number of weeders. This
whole process, or this ordeal, showed the strength or the durability of the guayule
as a cultivated crop because, despite all the problems of the weeds and everything
that went with it, guayule came through. I believe it is one of the easiest handled
crops when given attention. This shows a typical cart with the folks running up
and down the bed. One of the nurserymen, Milt Andrews, came across one of these
cartoons, a Goldberg cartoon, in which a guy lays on his stomach on a cart and goes
up and down the bed to see the weeds. He figures this is just about that sort of
thing. Competition existed between the weeding crews and it got to be a problem
sometimes because they would compete to the hair-pulling stage.

They developed the weed control with stove oil and this shows how the weeds
were controlled after the first year. This was absolutely effective and was proba
bly one of the biggest advances they had in guayule culture. This same sort of thing
was used later in forestry nurseries, using mineral spirits, but in this particular
case it was stove oil and was a technique that was used on carrots. You may remem
ber at one time that carrots all tasted like kerosene--that's because stove oil was
used to control the weeds.

This is a nursery in the middle of summer. Guayule is a beautiful plant--an
easy one to grow in a sense--because all that was needed was a little space and a
little water, and it took off. But if you had hay fever, keep out of it.

This is the cultivating crew which ran a tractor which had a cultivator with a
bar that could be moved back and forth to go between the rows. One thing about
guayule is that it cannot be transplanted with the top on. There are sev,eral theo
ries as to why. One which has been worked on is the thought there might be auxins
involved which would inhibit the formation of fruit. Daley Felice, I believe, put
that idea to rest, in my mind, because all he did was to transplant guayule with
tops on and put a lamp chimney over them so there would be no transpiration. Of
course the plants would grow whether they had the tops or not. If the tops were
left on, water was transpired out in a hurry and the plant would die, so they had
to be topped. This particular topping machine has a little history. Som,e of the
folks who were around the administrative end may recall that International Harvester
was given the job of rigging up three machines, and we were surprised at the bill.
The bill for each of the three machines, I believe, came to around $10,000. The
machines seemed to be rather expensive; considering all the engineering involved,
it's probably reasonable.

The next stage is the lifting, and here is a regular nursery lifter 1ihich goes
under and cuts the roots and loosens the plant. This shows how the plantl~ had to
be handled, separated, graded and packed. This is an early crop before things were
mechanized a little bit more; it shows the amount of hand labor involved at the
time. They took stacks and stacks of lettuce boxes, standard lettuce crates used
in the Salinas Valley. They proved to be suitable for guayule. Then bales of red
wood bark were used as packing material. There had been a lot of trouble in storing
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guayule seedlings because they would rot in storage and this is the crate that was
developed so that it could be kept in cold storage almost as much as a year without
too much deterioration. The main problem was with moisture particularly from con
densation. This particular pack proved to be suitable for both storage and for
field handling.

It took a while to perfect a planting device. First they used a regular celery
planter which was a little bit complicated. This happened to be one of the earlier
planting machines; it shows a group of folks that were trying to keep their fingers
out of the guayule to keep from being planted themselves.

Here is one of the planting crews in the fields. This happens to be Salinas
and you can see where the guayule has been planted rather evenly if the ground is
prepared without too many lumps in it. Several other experimental machines were
used.

A lot of field cultivating had to be done. This shows one of the weeding crews.
At one time we had German prisoners at one of these camps who did a lot of this work.
But this is one of the Mexican nationalist groups at work. Field plantings would
grow rapidly under the proper conditions, and to me it was one of the most success
ful types of plants that could be grown. In the wintertime the plants were without
inflorescences and had a gray appearance. It was during the winter that the plants
would accumulate rubber so that this dormant period with moisture and lower temper
atures was very important.

Seed was one of the problems. Seed that the old Intercontinental Rubber Com
pany had was rather limited. And we couldn't begin to plant the 30,000 acres that
we thought we were going to plant--and the 75,000 acres that was later planned--so
during the first year of the Project it was important that we gather seed.

Here is one of the labor-saving devices that was used to try to get seed from
very small plants and there is a group of seed gatherers, trying to get a few seeds
together. This slide of the nursery shows that seed is produced in the nursery
plant very early. The winter crop has a heavy production of seed just before it
begins to grow in the Spring. One device was worked out by the shopmen at Salinas
in order to brush seed off from the nursery plant. At the end of the row they
would stop and gather the seed onto the canvas and continue down the next row.
Later on, Jim Byrne had developed more efficient and larger seed-gathering equipment.

They were so anxious for rubber that they went to the Big Bend area of Texas
and gathered up shrubs from there and shipped them to Salinas for milling. This
shows a boxcar of the baled shrubs that came from the 0-2 ranch in Texas. They were
relatively large shrubs, rather limited in amount, but quite a bit of rubber was
obtained which proved to be very important because it came at a time when natural
rubber was getting low. I believe that the rubber was needed for gas tanks on air
craft. It came in handy because it was a soft type of rubber useful for that pur
pose. We had indicator plots in many areas and this shows Harold Reynolds in one
of the plots. Indicator plots were located in small areas and the main purpose was
to see where guayule would grow; it would grow almost anywhere. A couple of hundred
plots were located from Texas to Northern California. The nursery at Indio had an
interesting growth pattern. Seedling establishment was erratic. The area had high
temperature and sandy soil which had to be irrigated abundantly. The plants would
group themselves like many desert plants, so occasionally one would take hold and
grow. No matter how much water was supplied, some of the plants would not grow.
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I sent to Washington to the Archives to see if they had any kodachrolnes of
the guayule project. They said they would make a search which would take six
weeks. They took six weeks and gained two slides, for which they charged $1.25
each. They also sent a list of records which indicated slides but the Stlunp on
most of them said, "Nothing here; nobody home; had been borrowed and not returned."

This slide shows a planting at Shasta, California, in 1944, one of the few
plantings at Shasta. It shows guayule will grow under irrigated conditions. A
processing mill was built at Bakersfield to handle the shrubs and there w()uld have
been a considerable volume to process had the project been carried through.

The folks who were working on the guayule project during the war yeall:'s were
really dedicated to what they were doing, and they really believed they w(~re con
tributing to the war effort. The unhappy part was to think that we had 30,000
acres planted that could have been harvested but were not harvested. I felt that
when the fields at Salinas were destroyed (I have pictures of the burning shrubs)
it was a sad commentary on our short-sightedness at the time that we did not try
to do something with the guayule that we had on hand.

Questions for W.A. Campbell

Question: (Joel Schechter) How old was the planting in the last picture~r Do you
have any figures on yield and what was the rainfall at Salinas during that period?

Answer: (Campbell) The planting was three years old. As to rainfall, that was
one of the things that we tried to follow very closely during the time we were at
Salinas in order to try to predict what we could get from one year to another. I
had a rainfall chart in my office which started off in one corner and CamE! around
for about a year. We were sure of one thing and that was that rainfall nE!xt year
would not be like it was this year. And I believe the first year we were there
the rainfall was relatively high. It was about 25-26 inches. Before we ~,ere

through it had dropped down considerably to 15 or 16 inches but I believe the aver
age rainfall is perhaps about 18 to 20 inches. The first year was very wet and
that just about ruined us in the nursery.

Comment: (Henry Lobenstein) About the rainfall in Salinas, you have to remember
this. Salinas is just a few miles from the coast; the rainfall right at Salinas
where the old company mills were was up in the low 20's. Down the valley 15 miles
the average annual rainfall was around 16-17 inches because we got away from the
coastal influence very rapidly with many more days of sunshine because we were away
from the coastal fog. So when you talk about rainfall at Salinas you haVE! to talk
about whether you are downtown or whether you are 15 miles up the valley. John
Emerson and I were just talking; the question was asked about the rainfall at
Bakersfield. As I remember, it was around eight inches annually with somE! varia
tion. The upper end of the Sacramento Valley around Chico is again up to around
12-13 inches of rain.

Let me come back to the question of yield and some of you can bear me out on that.
In my mind as I remember it, we figured that if you got one ton of rubber per acre
per year over a four-year period or four tons at the end of four years, YOlu were
doing pretty good. That is what we'd expect to get. At Salinas it was one ton
because that was the better acreage. I believe some of the indicator plot data
will indicate what you would get at the end of one or two years.

Comment: (Sidney Kalver) I was in the pilot plant and I have a blurb from the
Chamber of Commerce of Salinas that was written to the Christian Science M~nitor
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in 1944. It indicates that you can get from 800 to 1600 pounds of rubber per acre
in two years without irrigating; and with irrigation you can materially increase
that production; whether or not at less cost than without irrigation has not been
fully determined.

Comment: (Henry Lobenstein) I'd like to add to that. One must remember that the
rubber production per acre varies tremendously according to whether it was dry land
or irrigated land and age of the plant. For example, when the government bought
the Intercontinental Rubber Company holdings, the Spence field was 11 years old
and was then nonirrigated for 11 years. It ran slightly over 22 percent rubber.
On the other hand, at Bakersfield where we irrigated, two-year-old plantations would
have a rubber percentage of less than three percent. Even under irrigation, as the
plant became four years old, that percentage in that particular field might have
tripled, and I'm talking about percentage per pound of dry weight. It seemed to uS
the older the plant got, up to an age of perhaps six or seven or eight years, as
soon as it reached maximum size the percentage of rubber increased gradually at an
increasing rate as the plant got older. In other words, as the texture of the plant
became less succulent, the percentage content of rubber increased.

I was recalling from memory the Bakersfield area. When the rubber percent increased
to about 10 percent, this was about the limit that it ever got because the shrub
growth kept pace with the increase in rubber. It held at that constant percentage
level but the yield. increased markedly year after year because of shrub growth.

POST-WORLD WAR II GUAYULE ACTIVITIES

Leslie Baird
Free-lance Writer

To a large extent, what happened to the guayule shrub and guayule rubber after
the end of World War II was the result of the monentum of policies and projects
started and developed during the war. There were still emergency-motivated projects.
Once the emergency had lapsed into the limbo of history, interest slackened or
shifted. I'd like to make one deviation at this point. I feel that practically
everyone that I contacted one way or another during the process of the research
always referred to emergency rubber, emergency this, ~mergency that. Well, this is
true; it was! But after all, it had been harvested an~ processed in Mexico and to
some extent in California before, and it wasn't emergen~y rubber then.

The rubber industry, which had been glad to get any ~ind of rubber during the
shortage, looked with favor on newly developed synthetic quality specialty rubber,
as well as the lower grades which were produced for a cost of approximately
$650,000,000. Compare this with the gross cost of $45,000,000 spent on guayule
during the Emergency Rubber Project.

After the Congressional Recession Bills in 1945, which decreed the end of the
Emergency Rubber Project at Salinas, California, the Spence Mill ~s closed on
December 14, 1945 and the Bakersfield Millon December 9, although the project was
given a reprieve of six months to liquidate its assets.

Some 900 acres of growing guayu1e shrubs near Salinas were spared the he1l
bent-for-normalcy drive, together with a l,062-acre ranch near Beaumont on the road
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to Palm Springs in Riverside County. There are also other plots of small 13ize which
were spared and I understand there were some in the Oceanside area which is now Camp
Pendleton. There may be others too.

That left about 23,000 acres to be destroyed. Yet wartime controls on rubber
remained in effect. Meanwhile, the U.S. rubber authorities began to stockpile Hevea
from Southeast Asia. It was fortunate that the Southeast Asia rubber plantations
hadn't been damaged to the extent expected by the retreating Japanese armies.

During this hiatus of guayule liquidation, $10,000,000 worth of what could have
been processed into guayule rubber either went up in smoke or was disced under as
fertilizer, as Bill Campbell mentioned earlier.

Thus the Emergency Rubber Project came out with a net cost of about $37,000,000
and a lot of scientific papers on guayule--how to grow it, extract it, process it
and countless other technical aspects.

To digress a bit, it is ironic that while the war-motivated research and produc
tion of guayule greatly advanced the art and ~nowledge of every aspect of the shrub,
our myopic action at the close of the war kiJ..led guayule. And remember that the
Emergency Rubber Project had purchased a going guayule facility together with several
hundreds of acres of shrub.

I am cognizant that Intercontinental B~bber wasn't interested in taking it back
(they seemed to have lacked something) bectius~ it probably could have been reacquired
as surplus for a few cents on the dollar like so many other war-induced plants, in
cluding the synthetic rubber facilities.

During the war, a California State Committee on Guayule had been set up by the
Legislature under the direction of Governor Earl Warren. The committee was made up
of farmers owning and controlling large farming tracts up and down the State with
the overall purpose of continuing, if p,ossible, guayule cultivation after the war.
Aside from using the committee as a fO'cum for gripes against the war project, such
as the wages paid by the government to the workers in the field, few of them voted
to continue guayule on their land, so eager were they to get back to food crops.
Had the government kept one of the m.ills open and gradually harvested the existing
fields one by one, the history of guayule might have been changed from a dead dodo
bird to something alive.

One man, however, who is scheduled to speak to you in this Conference, tnanaged
to stave off the destruction of the aforementioned Grand View Ranch. Mr. Hugh H.
Anderson, who had familiarized himself with guayule with the group of CalTech sci
entists who assisted the interned Japanese at the Manzanar Camp, developed what was
known as the "Little Guayule 'Project" and organized a company called the DesE~rt

Rubber Company.

With much difficulty because of wartime controls, he and his associates were
able to obtain an agreem~nt with the rubber authorities to allow them to sell their
product after they had bUilt a mill--not for tires which were still being rationed-
but of all things, ch~wing gum:

Suffice it to say, when the mill was finally built and some shrubs were har
vested at Beaumont, the Wrigley Company had located a much cheaper source of :rubber
and the deal was off. Desert Rubber Co. did not have the finances to mark time un
til the controls w'ere lifted. So much for the first post-war effort to keep guayu1e
alive.
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Of course rubber production in Parthenium argentatum continued in Northern
Mexico after the war. For forty or so years', the Intercontinental Rubber Company
harvested the wild shrubs over the northern states and processed them in several
mills, the largest located in Torreon, Coahuila, which has been visited by many
of you guayule experts. This company, however, had never been able to match the
wild growth with successful domestication in Mexico.

During the latter part of the war, Intercontinental laid out a large plantation
at a place known as Catagena. I've also heard it spoken of as Catagena Laguna; I
think probably because it was planted on an old lake bed. This was located 60 miles
north and a bit to the east of Torreon. Photos of the stand of guayule appear to
indicate healthy plants but my guess is that the rubber content--for whatever reason-
fell below a marketable level. So a million or so dollars were lost in its abandon
ment. Doubtless the Mexican Commission that has been studying guayule for the last
three years in preparation for the reestablishment of the guayule industry there
has analyzed the reasons for the ill-fated Catagena results.

In 1952, Intercontinental closed down all its operations in Mexico and in the
following year merged or sold, whichever you prefer, to Texas Instruments of Dallas.
I might say parenthetically, I think in spite of the fact that the guayule plant had
a lot of value in Texas, Intercontinental had a listing on the New York Stock Ex
change in Texas.

One can surmise that the reasons for closure included the competition with syn
thetic rubber, higher costs in harvesting and transporting shrubs to the mills, and
the market price of rubber itself, although rubber costs usually went up and down
like a yo-yo.

The recent work by the Comision Nacional de las Zonas Aridas will probably be
described by the representative on this panel from Mexico who will speak tomorrow.
It seems to me that this action by Mexico bodes well for the future of guayule rub
ber in every respect and for all those interested in its reestablishment as the
second source of viable natural rubber.

Going overseas (and I do not wish to steal any thunder from whoever is going to
talk about other countries on the program) there was activity in the U.S.S.R. prior
to World War II as evidenced by references in Blanchard's bibliography, although I
have never encountered any printed material of a historical nature that mentioned
extraction or processing. Everything was about the plant studies.

Mel Learner, the editor of Rubber Age, in a letter to me in 1961, wrote that
Russia continued to experiment with guayule on a large scale and that frequent ref
erences appeared in rubber literature, but I have failed to find them.

My own efforts over a year or so to elicit a reply directly from Russian au
thorities finally ended in a blunt statement that guayule was no longer being cultivat
ed in that country. Perhaps if detente is real that misty page of guayule history
may be revealed.

Some 2500 acres of guayule were reported to be under cultivation in Turkey in
1949. I am not certain about the date. Mr. Anderson visited that country so per
haps he may fill in on that part of the history later on. Experiments with guayule
and other rubber producers began during the war and continued into the post-war
period for a while and then closed down. As I recall, there was some cooperation
between the U.S. Government and Argentina in this regard. Harry Boucher, a chemist
and specialist in deresination techniques, spent some time in Argentina for the
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government and incidentally produced, gave me, or loaned me, quite a large volume
called Memoria. This is of course in Spanish, telling about all of Argentina rubber
works and it was quite voluminous but not quite as large as the E.R.P. report. I
found the same thing with a book on the work in Spain which Ken Taylor was kind
enough to loan me. I had never heard of either of these things before and I think
this is part of our problem. In gathering all this material together we must be
sure to have some source or media to bring it all together.

During World War II, considerable interest in guayu1e was generated in Austra
lia for the possibility of producing rubber from plants other than Hevea. Test
sowings of the Russian kok-saghyz dandelion were made as well as guayu1e under the
auspices of the Commonwealth Scientific and Industrial Research Organization.

Several experimental acres were grown to maturity in an irrigated area near
Barmera in South Australia. I am not sure of the date on that. According to the
E.R.P. report, the rubber content of the shrub was determined by samples taken in
1949 of five years' growth. So I take it those were planted around 1943 or 1944.

Twenty-five plants of the same age were harvested from the Salinas/Spence field
and milled for control. I think this is interesting because it is the only case I
know where they compare foreign and domestic guayu1e. There was a marked difference
in the size of the Australian guayu1e plants compared to the American grown types.
The Australian plants averaged 24 inches in height from the first lateral root to
the base of the flower stems. The Spence grown shrub averaged 17 inches. Dry
weight of the Australian was 3.29 1bs. compared to the Spence selection of 0.80 1bs.
defoliated. During the milling, the Australian sample gave off the pungent odor
of turpentine and its resin amounted to 8.99% and rubber hydrocarbon 9.96%. The
Spence shrub resulted in 7.88% resin and 12.7% rubber hydrocarbon. Extrapolating on
a field basis, the Australian guayu1e would have yielded an estimated 2,259 1bs/acre
to the 1,077 1bs/acre on the Spence guayu1e.

Here again I do not wish to poach on someone else's subject since Mr. Anderson
knows a great deal about Australian guayu1e, having been employed for a time as a
planner and consultant. Nevertheless, the project which he started near Perth was
not cared for as he had instructed them. When he returned over two years later,
he found a very uneven growth of shrub, the best of which tested about 10% rubber
hydrocarbon. He told me that differences between the philosophies of the two lead
ing Australian political parties entered into the project's picture and caused it
to be shelved.

Thus I have mentioned--if brief1y--the post-war guayu1e activity in Mexico,
Australia, Turkey, the Soviet Union, and Argentina. I believe that with the excep
tion of Mexico all these countries managed to grow commercially suitable shrubs.
With the presence of a representative from Israel I discern that there has also
been activity there. This is not altogether new to me but I have had no details.
I must therefore leave the subject to Mr. Schechter of the Ben Gurion University of
the Negev.

Some sort of negotiations were held with the Government of South Korea on the
subject of guayu1e. Whether those talks got beyond the discussion stage, I do not
know. The person who might fill you in on that is either Dr. Orner Kelley or perhaps
Mr. Hugh Anderson.

That leaves us with two post-war projects in the U.S.: the seed program in
the States of California and Texas in 1950-51 and the Natural Rubber Extraction and
Processing Investigations in Salinas from 1948 to 1953. Associated with the Salinas
Investigations, the Bureau of Plant, Industry, Soils and Agricultural Engineering
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was also involved in research which continued until 1959. Nor should I omit the
Stanford Research Institute study of 1947 which I will deal with later on.

Just why it was the Munitions Board that made the request for a stockpile of
guayule seed from California and Texas in December, 1950, doesn't appear in any
literature I've seen on the subject. Perhaps the undeclared Korean non-war had
something to do with it. But there must be Bome kind of official explanation.

Nevertheless, overall supervision of the seed project was given the U.S.D.A.
which assigned the Production and Marketing Administration of the Bureau of Plant,
Industry, Soils and Agricultural Engineering to act in a technical guidance capac
ity. At least the government still considered the rubber orphan of the wastelands
worth keeping on the back burner.

"The stockpiling project," says the U.S.D.A. Tech Bulletin /11327 on page 5,
"was directed along two channels. In California the Bureau initiated a stockpiling
program by transplanting available seedlings to 337 acres of land in the Salinas
Valley for seed production. In Texas, under the technical guidance of the Bureau,
nurseries totaling 529 acres were established to produce seedlings for possible use
in a production program."

Unfortunately, I am unable to give you any details about the California end of
the pro gram, but Bill Campbell, who preceded me on this panel, was kind enough
to send me a batch of data, including a number of letters on the subject, and I
also have a communication from Al Hunter a few years ago about his connection with
the Texas section and how he commuted between Oregon and Crystal City, Texas.

Paul Roberts, who headed the latter part of the Emergency Rubber Project, be
came Project Coordinator with communication lines to Washington where Dr. W.E. Rands,
ARA head, administered the top-level technical material. Many PMA specialists from
Texas and Oklahoma attended the first organization meeting and some of them doubt
less served in one capacity or another. The organization structure was set up at a
meeting held at the Texas A & M College on December 29, 1949.

Plantings were made in a variety of soils but mostly the Uvalde silty loam and
fine sandy loam soils in Dimitt, Zavala, Eagle Pass and the Ft. Stockton Counties.
They tried to avoid noxious weeds such as Johnson grass and bermudas.

Charcoal rot occurred in various acreage, but not always where cotton had been
grown as was expected. Of particular concern was the appearance of a purplish con
dition of the cotyledons which, again, caused loss in one place and not in another.
No mention was made in the material I read of the seed varieties used but I presume
it was /1593.

What also puzzled me was what happened to the seed production of that project.
I am aware that in Salinas up until a few years ago there were quite a number of
drums of seed which were subsequently sold to Mr. Anderson, but of the Texas
produced seed I have no knowledge. Perhaps someone here at this conference knows
the answer.

The project known as the Stanford Research Project was funded by the Office of
Naval Research in 1946. Fortunately, in this case, Dr. W.E. Rands explained the
motivation behind the operation in his Foreword to the 98-page Stanford Report.
" ... in spite of the advances of synthetic elastomers, a small but highly important
fraction of rubber needs for either civilian or wartime economy could only be met
by natural rubber. Because of the vulnerability of existing sources of Hevea
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rubber to curtailment by shutting off sea lanes; loss by civil disorder, to arti
ficial restriction and to disease, the best interests of a national security
demanded the establishment of a small but sound and readily expansible source of
natural rubber supply within the continental limits of the United States. 1I

That, it seems to me, sums up the reasons better and more succinctly than I
have encountered heretofore. But it was written in 1946. Would it apply today?

The section on Genetics was led by Dr; Reed Rollins who is with us at this
Conference. His associates were David G. Catches ide and D.U. Gerstel. Ttleir study
of the cross-breeding of large varieties such as P. stramonium with straight P.
argentatum pointed to a marked value in developing a superior rubber hybrid shrub.

Here again I feel inadequate for any additional discussion of genetics with
Mr. Rollins on the panel as well as Dr. Benedict and Dr. Bonner who workedl on the
Physiology and Biochemistry sections, respectively, of the Natural Rubber Research
Project in 1947-48.

Others who took part in the SRI study included Phillip N. Brooks who assisted
Dr. Benedict; Waldo B. Maher who prepared the section on Analysis and Carl A. Taylor,
the section on Grafting.

The Extraction and Processing Investigations of this project were funlded by the
Strategic and Critical Stockpiling Act of 1946. Four sections were outlin,ed for
investigation, namely Latex Lab Extraction, Analysis and Testing, Physical Testing
and the Pilot Plant Section.

Staff was assembled on June 2, 1948 at the Alisal Station in Salinas with a
complement of 29 employees. Project leaders were Dr. Ralph W. Planck, Kenneth W.
Taylor, Frederick Clark and Dr. E.P. Jones. Dr. Irving C. Feustel was head of the
BAIC unit. The initial appropriation was $179,000.

The Stockpiling Act had directed the Secretary of Agriculture to conduct all
phases of research on the domestic production of natural rubber. The objectives
emphasized the need for new and improved methods of extraction and processing of
high quality natural rubber--obviously guayule--plus the development of possible
by-products from the rubber plants and the translation of these methods into econom
ical factory-scale operations.

In July of the following year, funds were cut 40% by Congress. This included
the Latex Section and By-product utilization. Rationale for the cut stated that
these were of least importance as emergency subjects and not vital to factory-scale
applications. The staff was reduced to 17 employees.

This naturally produced frustration among members of the project. Just who
made the decision mi~ht be of interest if we knew. I can say that he lack,ed vision
and understanding. ]oday the by-products' potential is considerable. It has been
estimated that by-products from the guayule resin could equal the value of the
rubber, pound for pound.

Economy in government expenditures, like motherhood, is of course an untouchable,
and anyone who argues against it will be labeled ipso facto a heretic or worse •••
unless there exists a little nepotism or some old military tie with the industrial
complex.

There is a great deal of information in the Final Report of these invf~stiga

tions. Several technical papers were subsequently published by members of the
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staff. But I don't think the real importance of this post-war research found the
same audience as did the wartime activities. Yet, it might be said that the con
ditions under which this research operated, being less hectic than those during
the war, made it possible for its personnel to achieve advances and improvements of
great value.

Improvements with batch mill controlled milling, storage studies and mill
equipment studies advanced the art. A new plant had to be built, since the old one
used by the ERP was inadequate.

Toward the end of the wartime period, some work had been done with the paper
Jordan mill in conjunction with Dr. Rober~ Emerson at CalTech. Dr. Emerson had
given much of his time and efforts to the Little Guayule Project at Manzanar,
designed to help the interned Japanese produce something useful and equal to their
talents and skills.

Strangely enough, the Jordan mill had been considered as a possible milling
unit back at the beginning of the century when the coterie of Wall Street tycoons
organized the big rubber complex in Mexico. But for unknown reasons, the chemist,
William Lawrence, selected the tube/pebble mill common to mine milling equipment
in place of the Jordan.

The Jordan mill proved to be an important new development in the line milling
process, although I do not believe that it was utilized to its full extent in pro
duction flow operations. Ken Taylor will doubtless tell you more about the Jordan
and its superiority over the pebble mill.

Toward the end of the NREPI sample quantities of high quality guayule were
shipped to various rubber manufacturers for testing and use. Although all of them
did not reply in detail, there is no doubt that this new deresinated guayule proved
very successful in most cases. One of them was the field test of the Firestone
truck tire which I described in my article which appeared in the March 1975 issue
of Rubber World Magazine.

So where does that bring us today? The great improvements developed at Salinas
in the late 1940s and early 1950s faded behind the more spectacular developments of
the cis-polyisoprene chemical rubbers. The rubber manufacturers liked the high
grade synthetics because of the close quality control and consistent supply. After
all, some of the tire companies owned synthetic rubber plants too.

Perhaps the worst factor against guayule was that no one was growing the shrub
any more. And what we now call the energy crisis was only something the doomsday
prognosticators hinted at in books and articles that found few serious readers.

The post World War II guayule research didn't clear up every unsolved problem
relating to the guayule shrub or the rubber, but it came pretty close to perfection
at a time when no one paid any attention.

But today? The hard facts and predictions are in. Conservation and economical
utilization of our energy resources are in the programs for survival. From many
years of study of guayule, I believe that it is one of the raw materials and sub
stitutes for synthetics that we need in this country--without the shadow of a doubt.
Let us hope that this conference brings us a little closer to that realization.
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GUAYULE SEED TREATMENT AND NURSERY PRACTICES--1942

John Emerson
Formerly in Charge of Nursery Operations, Emergency Rubber Project

Introduction

The Government purchased 22,800 pounds of guayu1e seed, several hundI:ed acres
of land, including a 20-acre nursery, a number of buildings, nursery and eleed treat-
ment equipment, a mill and other property from the Intercontinental RubbeI: Company. .. .

The Government also had access to about 30 years of experience of thE~ Inter
continental Rubber Company, chiefly through Dr. McCallum who agreed to act: as a
consultant.

It was decided from the beginning that we would follow the recommendE~d practices ...
of the Company until better methods were proven.

Immediately it became evident that the following essentials for a successful
nursery program had to be met:

First - 500 additional acres of nursery seedbeds had to be avai1sLb1e for
planting by April 1. This required leasing about 750 acres of suitable nursery
land close to Salinas.

Second - OVerhead irrigation had to be acquired and installed fOI' the 500
acres of seedbeds.

Third - Additional specialized nursery equipment such as seed tre~ating

machines and seeders had to be built and delivered by March 20. Alsol a con
siderable number of tractors and ordinary farming equipment for seedbed prepa
ration had to be purchased and delivered by March 20.

Fourth - A seed treating plant had to be designed, contracted for and com
pleted by March 20. This required a building 80 x 108 feet equipped with tem
perature and humidity controls, 13 additional seed treating washing m~chines,

several hundred shallow trays and other miscellaneous equipment.

Fifth - An experienced seed man and several experienced nurserymen had to
be on the job by early March. These men were transferred or detailed from the
Shelterbelt Project and several Forest Service Regions.

Sixth - 945 miles of redwood duckboards (3-1/3 million board feet) had to
be purchased, cleats installed and delivered to the nurseries by March 20.

Seventh - Construct, equip and staff a 300-man labor camp to provide common
labor for the nurseries and field planting.

Eighth - The target date to begin seeding was not later than April 1. It
had to be met.

The project was soon well organized to accomplish these and other equally im
portant objectives. The following service divisions were set up and staffed:

a. Procurement and Supplies
b. Land Acquisition
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c. Engineering
d. Operation - Fund and Budget Controls
e. Personnel Management
f. Planting and Nurseries
g. Fiscal Control for Bookkeeping and Disbursements

Nurseries

Approximately 750 acres of land in the vicinity of Salinas were leased for
nursery production in the spring of 1942. Three nurseries were established providing
for 500 acres of seedbeds.

Overhead Irrigation System

The first big nursery job was the installation of overhead irrigation systems
for the seedbeds. The Engineering Division, under Jim Byrne's direction, laid out
and constructed these systems. The job consisted of drilling several wells up to
500 feet deep, laying 15 miles of water mains and laterals and installing some 85
miles of sprinkling pipes and an equal mileage of four-foot high snow fence for
windbreaks. Approximately 100 gang oscillators were required to rotate the overhead
pipes which were supported on 4" x 6" redwood posts eight feet long and set two feet
in the ground. 33,000 posts were used. The snow fencing was also attached to the
posts that supported the sprinkling lines.

Seed Preparation: Carl Taylor, an experienced nurseryman and a specialist on
seed collection, storage and preparation, was transferred from the Shelterbelt Pro
ject to operate the seedhouse. The Company recommendations were followed without
deviation in preparing the seed for spring sowing at the Salinas nurseries. A
number of improved procedures were adopted in seed preparation for sowing in the
enlarged nursery program which began in the fall of 1942. About a week before the
actual operation was to start, seed treatment began. The method developed by the
Company was to put 30 pounds of seed in a specially constructed machine which
washed the seed in a continuing flow of water for eight to ten hours. The water was
then drawn off and replaced with a solution of calcium hypochlorite. The hypo
chlorite treatment lasted two hours, after which the seed was rinsed with water for
a few minutes. The seed was then placed in a laundry centrifuge and the excess
water removed. A battery of 14 washing machines and two centrifuges were used in
the spring of 1942.

The treated seed was then put into shallow trays which were placed in racks in
the seedhouse where both temperature and humidity were controlled. After three to
five days the seed had pre-sprouted and was ready for sowing.

Treating of the much greater quantities of seed harvested in 1942 and used to
plant the additional eight nurseries established in the fall and winter of 1942-43
required revision of the washing system so that batches of up to 1000 pounds of seed
were washed and treated. Two batches (2000 pounds) could be treated in a 24-hour
day.

The entire seed handling and treating processes were greatly changed as addi
tional knowledge and experience were gained.

Seedbed Preparation: Guayule seed is so small that an especially fine seedbed
was required. First the soil was plowed, disced and levelled with mechanical lev
ellers. Next the soil between the pipelines was rototilled to a depth of about
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10 inches. This was followed by more leveling and rolling to settle the soil and
provide a firm seedbed. The overhead pipelines were 50 feet apart and 400 feet
long, providing for 10 beds four feet wide with ll-inch wide paths. The beds were
laid out and eight-inch wide cleated boards, called duckboards, laid down each path. •
The duckboards were used to support the seeders, carts for weeding, cultfvators and
other equipment which straddled the seedbeds. The duckboards also provided a mud-
free path to walk on. (Incidentally, duckboards were only used at Salinas where the
nursery soil was comparatively sticky).

From experience gained in growing tree seedlings, many of us thought: a sandy •
loam soil handled best for nursery production. but Dr. McCallum's recommends.tions made
us cautious. Luckily, however, one nursery at Salinas had a somewhat lighter soil and
our experience there early in 1942 led to selection of sandy loam soils ~men we
greatly expanded the nursery program in the fall of 1942.

Sowing: Sowing the seed immediately followed soil preparation. A tractor-drawn •
seeder, developed by the Company, was used. This machine straddled the s.eedbed; its
wheels travelled on the duckboards. It was composed of two hoppers and two rubber
belts. The forward hopper was loaded with a mixture of moist pre-sproute,d seed mixed
with dry sawdust to make the seed flow readily. The seed was fed on to the travel-
ing belt which dropped the seed into shallow troughs pressed into the soil. Sand
from the second hopper was fed onto the second belt which evenly spread it over the ..
seed bands to a depth of about one-eighth inch. One machine sowed about three acres
of seedbeds in an eight-hour day. Each nursery was provided with three'machines.
Seeding began about April 1 and was completed about May 15. There were, of course,
inevitable delays because of rainy weather and breakdowns of equipment. There were
also problems in gearing the seed sprouting operation so as to have just enough pre-
sprouted seed ready without too much each day. •

Irrigation: Irrigation began immediately following seeding. The beds were
irrigated for only a few minutes each time, three to five times a day until the seed
lings emerged and became established. Usually this was about ten days. Then the
frequency of irrigation was tapered off and only enough water provided to keep the
seedlings thrifty. The amount of irrigation required good judgment on the part of ..
the nurserymen.

Disease and Insect Control: My memory is practically blank regarding disease
and insect problems. I remember that we had some dampi.ng off, but I don't believe
the losses were very great.

Weed Control: Guayule seedlings are small and they did not grow as fast as the
weeds. In the beginning the weeds were individually pulled by hand. Thb job
turned out to be much greater than we had anticipated. At one time we had more than
3000 men, women and children pulling weeds. We used trucks and buses to haul these
people as far as 30 miles. We got the job done, though. One day one of our nursery
men talked to a Salinas Valley vegetable grower who told him that some of the grow
ers were experimenting with weed killers in the way of sprays. He suggested we try
stove oil. The nurseryman was given permission to experiment and had pretty good
success. Then he became overconfident and sprayed several hundred feet of seedbed
and most of the guayule died. However, from this early experimenting with oil
sprays we found that many factors influenced success. Some of these were night tem
perature, moisture on the guayu1e seedlings from irrigating, time of day, etc. Sev
eral of the nurserymen and others worked with the problems and before the summer was
over we could kill most of the weeds with an oil spray so that the expandE~d nursery
program was not faced with any great weed problems. In later years it was found
that by preparing the seedbeds about two weeks before sowing permitted thE~ first
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crop of weeds to come up and be easily killed with sprays. The second crop of weeds
that came up with the guayu1e seedlings were less vigorous and could be easily con
trolled with hand weeding and spraying.

When the seedlings reached a height of three to four inches, especially con
structed cultivators were used to loosen the Boil and remove late weeds between the
bands of seedlings. Each nursery had at least two of the cultivators.

Inventories: Several inventories were taken to keep an up-to-date estimate of
the number of plants that would be available for field planting so that sufficient
land was leased and so Hank Lobenstein could prepare for his transplanting job which
was to follow the spring of 1943.

Lifting and Grading: A few days prior to field planting, the seedlings were
lifted, graded for size and packed in crates for shipment to the planting fields.
About two-thirds of the tops of the seedlings were removed first by use of a special
mover equipped with a conveyor and hopper for removal of the tops from the seedling
beds. The mowing operation removed most of the leaves which was essential to ob
taining good survival after transplanting.

The topping operation was followed by undercutting with a bed digger similar to
those commonly used in conifer nurseries. This machine straddled the bed and had a
four-foot long horizontal knife which travelled at a controlled depth in the soil
and had lifting fingers on the trailing edge to heave the plants and loosen them
for hand pulling. Undercutting was done to a depth of about six inches.

The seedlings were hand pulled and taken to a grading shed where they were
placed on a travelling belt. Mechanically damaged plants and those less than 5/32"
in diameter at the root collar were discarded. The 5/32" diameter size was selected
because of the poor results secured from transplanting smaller plants grown by the
Company in the spring of 1942.

The plants selected were packed in standard lettuce crates which were lined
with waxed paper. The plants were packed in layers with the tops to the outside.
Between layers moist shing1etow or spagnum moss was placed over the roots.

Some of the areas planted were located a considerable distance from the nur
series and stock was sometimes in transit and storage for several days due to the
difficulties in exactly coordinating the nursery operations with the field planting.
Variations in weather conditions at widely separated points sometimes disrupted
scheduled operation. When possible, shipment was made in refrigerated vans and the
crated seedlings were stored in refrigerated rooms with temperatures of 34-360 F.
Under these shipping and storing conditions the seedlings usually reached the plant
ing machines in good condition. However, when refrigerated trucks were not avail
able, transportation was at night and if necessary, stored in well-ventilated sheds.

The dormancy of the seedlings and the amount of moisture of the plants when
packed had considerable influence on the length of storage they could stand without
damage from disease before planting.

Since the Company lacked much experience in shipping, packing and storage of
seedlings, we learned the hard way--by trial and error.

While I had no part in it myself, I understand that very good seed and nursery
manuals were prepared and published near the end of the project. These manuals
should be available in case a new program is started.
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As we gained experience and results of research became available the :seed
handling arid nursery practices underwent considerable change. I have mentioned some
of these t but briefly some of the important changes included:

1. The seed was threshed to remove the floral parts which adhered to the seed
when it was collected. This resulted in a sma11 t hard shelled seed and reduced the
bulk by at least two-thirds. The threshed seed requires less treatment and pre
germination, and can be planted dry enough that it will flow through a drill that
eliminates the need for covering the seed with sand. An ordinary drill used for
planting coniferous seed in nurseries can be easily adapted for this use t thus
eliminating the cumbersome and expensive machines with belts that were used on the
project.

2. Lighter soils than those at Salinas were found to be more suitab1l~. A
loamy sand appeared to prove out best. This provided a better seedbed t e1:Lminated
the use of duckboards and got the workmen out of the mud.

3. Weed control was greatly simplified by preparing the seedbed far lmough in
advance of sowing so that the first and big crop of weeds were destroyed bl~fore the
seed was planted. Oil sprays were developed which killed most of the late germinat
ing weeds. This greatly reduced costs.

4. Grading the seedlings for field planting was simplified by controlling the
density of the seedlings in the seedbeds so as to produce a maximum number of usable
seedlings per square foot of seedbed wi~hout an excessive number of culls.

5. Improved packing, shipping and storage methods were developed.

Many other improved practices were developed and used before the program ended.

Expanded Nursery Program

Before closing I should briefly mention the enlarged nursery program that began
in the fall of 1942. Sometime during the summer of 1942 it became evident that we
could expect a big crop of seed from the nursery beds and from the field plantings
near Salinas. It was decided to try to greatly increase the seedling prodUiction for
the 1943 planting season by establishing a number of new nurseries in Ca1ifornia t
near Bakersville t San Clemente, Oceanside and two near Indio; also at Phoen.ix and
two in Texas at El Paso and Edenburg.

Suitable sites were located and all of these nurseries were established and
planted on schedule. All of the nurseries in California were a success t but we en
countered many difficulties at the Phoenix and Texas nurseries. All of the Cal
ifornia nurseries were large. The largest contained at ~east 400 acres on the Bell
Ranch between Palm Springs and Indio. Those in Arizona and Texas were about 100
acres each. Incidentally we built a 600-man labor camp at the Bell Ranch NurserYt
principally to house labor for the installation of the irrigation system and to
pull weeds. Fortunately this camp was used very little due to the improved weed
control practices.

I have purposely avoided going into detail regarding the seed treatment and
nursery cultural practices. First,mymemorYt after 33 years t is not as good as I
would like it to be and second t there are excellent seed and nursery manuals avail
able that will provide the details to anyone interested.
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While seed collection responsibilities were shared with the Division of Plant
ing and Harvesting, I did not personally participate in that activity so Hank
Lobenstein will cover that subject.

I will be glad to try to answer any questions you may have.

Question: Is there any particular reason why there were problems in Texas and Ari
zona which you just mentioned and not in California?

Answer: (J. Emerson) First, I think it was the remoteness from our headquarters
at that time in Los Angeles. There was a problem in securing the irrigation pipes
and the system of getting it in. Secondly, at that time equipment was in very short
supply and we had a great deal of trouble in getting tractors and other equipment.
Weather conditions also caused problems; we were trying to grow guayu1e in the
middle of winter. For instance, in Phoenix, which is supposed to be relatively
frost-free, in January it freezes ice occasionally. We had some real cold weather
there and we had some problems with that; I can't tell you all of them. I know
that those programs were not as successful as those in California.

Comment: (Robert Hilgeman) I might elucidate a little more on the Phoenix situa
tion because I was in charge of it. You are correct. We planted seed all year
around and we had little success in January, November and December; it was too cold.
In the nursery we had a problem, which Dr. Presley probably remembers, with sand
splash in the summertime. This was apparently a mechanical inj ury on the sma111eaves
because of the sprinklers. As far as I know there was no fungus involved. We re
duced the problem by irrigating only in the late afternoon or evening.

The one thing I wanted to mention was that beginning right away in 1943, we tried
planting in the manner lettuce was p1anted--on beds with preformed units and two
little planters. We had no success starting in May. In June, July, August and
September we had fairly good germination. By this time we were learning about
planting and the September and October plantings were successful. But we had an
invasion of mea1worms and some rain and we had no plants left after about the mid
dle of November. In March we made quite a large planting, using the Planet Junior
Planter, which the lettuce growers were using with a wider shoe. I think they
called it a carrot shoe and no packer wheel. We produced a wonderful stand, which
we kept until the next spring. We felt that we solved the problem of growing in
the field. There was a great variation in the size of the seedlings; still it was
a successful program.

Question: In your judgment, do you feel there is much point in working on the
direct seeding of the guayu1e plant in the field, eliminating the nursery stage?
Would there be much chance of success, in your opinion?

Answer: (J. Emerson) In my opinion, no. I don't think so. I think there are too
many factors that affect it. We found that the seedbed must be irrigated to get
the seeds up and established. Sure, you're going to have some good luck in field
planting if you just happen to hit the weather right with rain at the right time.
Guayu1e seeds have to be covered shallowly. Irrigation brings water right over to
it; I think there will be problems in washing it out and burying it.

Comment: (H.M. Benedict) There were plantings out in the old Spence field and we
thought they were fairly successful, considering the methods employed and the time
we had to work on it. We never knew what the final results were, yet if I might
express an opinion, I feel that the study that Dr. Hilgeman has reported indicated
that it can be successful and I really feel that the elimination of the labor costs
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involved in nursery and transplanting work is something that should really be aimed
for. At least I would hate to write off the direct seeding approach.

Comment: (J. Emerson) I don't pretend to be an expert on it at all, it's just my
opinion from my experience in the nursery that I would question the practice.

FIELD PRODUCTION AND HARVESTING

Henry L. Lobenstein
In Charge of Field Plantings, Emergency Rubber Project

The comments I wish to make concerning the topic assigned to me are based upon
experience on the Emergency Rubber Project during World War II as discussed earlier
in this session by Mr. Droze and others. On this guayule production project I was
in charge of field production.

I would like to divide my comments into four principal activities whi.ch are:
(1) site preparation, (2) planting, (3) cultivation and (4) harvesting.

Site Preparation

If the site on which the guayule is to be grown has already been used to grow
cultivated crops, this part of the job requires a tillage job such as might be
needed for a new crop of corn or maize. However, such tillage would need to work
the soil to a considerably greater depth than would be done for other commonly
grown row crops. The reason for this is the need to loosen the soil to a depth
at least equal to the length of the roots of the guayule plants as they come from
the nursery.

If the planting site is new land, the native vegetation must be uprooted, and
the residue from such operation should be dried, raked, and burned or removed from
the site by other means. Actually, needed jobs would be the same as if the site
were being cleared for the growing of other commonly-grown dry land row crops.
After the clearing job is accomplished, the site should be prepared as described
for land already in cultivation. However, it must be kept in mind that if the
guayule crop is to be irrigated, then the necessary leveling will need to be accom
plished before the final preparation is done.

In the event that direct seeding is found practical, then final siteprepara
tion will need to be more finely done, somewhat in the nature of the degree of
preparation required for the seeding of a crop of sugar beets.

For all of the operations mentioned in this part of my remarks, commo:nly-used
farming equipment will do the job with perhaps a few adjustments or modifi,cations.

Planting

During the operation of the guayule project, field establishment by direct
seeding was only in experimental stages. If it should be developed into a desir
able practice, then the seeding job could be done with multiple row seederls similar
to those used for sugar beets, carrots, and other fine-seeded plants. Again, minor
modification of commercially-available machines might be necessary, especii!lly to
provide for proper row spacing, rate of seeding, or other similar factors.
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Our project planting was done using one-year-old nursery-grown seedlings.
These were undercut in the nursery beds to a depth of about seven inches and the
tops were cut back to a length of 3-1/2 to 4 inches. These seedlings were thus
fairly good-sized plants and were branched and somewhat woody.

The field scale transplanting of stock of this size is, therefore, not a simple
job. If a desirable output per man-day was to be attained, it soon became obvious
on the guayule project that multiple row semi-mechanical transplanters were the
answer. The Intercontinental Rubber Company had developed such a machine which was
acquired by the Emergency Rubber Project along with other company assets. This
machine was tried but was found to be far too heavy, cumbersome and slow for effi
cient field operations.

The project therefore developed, constructed and used a mechanical multiple
row transplanting machine which worked out very well. These machines were an
adaptation and refinement of tree planting machines developed and used by the U.S.
Forest Service for tree planting on the Prairie States Shelterbelt Project.

Project operations used four-row transplanters mounted so that row spacing
could be readily changed. In this matter of spacing, it will vary according to
the ultimate age to which the guayule plants are to be grown. Basically, each unit
of these machines performed the following:

1. Subsoiled the row to be planted to a depth sufficient to accommodate the
transplants with their 7-inch taproots.

2. Opened and held open momentarily a slot sufficiently wide and deep to
accommodate the seedlings.

3. Inserted the seedlings in the planting slot to the correct planting depth
and held them in this position until the slot was closed.

4. Packed the soil firmly around the transplants.

When properly operated, it was found that the machines actually did a better job of
planting than could be done by hand and, of course, at a much more rapid rate. It
was found that slow, steady traction was needed and that the medium-sized crawler
tractors were much more satisfactory than wheeled outfits.

The transplanting machine itself required the following crew: a machine fore
man, one man for each row unit, and a man whose job was to keep the planters sup
plied with transplant stock. Four-row units therefore required a total of six men
plus the tractor driver.

Field planting could, of course, be done by hand, but it was a slow, laborious
task. If done, the most satisfactory method would be to use a technique similar to
that developed and used by the U.S. Forest Service in the transplanting of seedling
trees and shrubs. If heavy soils are present at shallow depths, subsoiling the
shrub row to a depth of eight or nine inches prior to transplanting will produce a
better and faster transplant job.

Cultivation

The field care of guayule plantations is basically no different from that re
quired for other row crops grown in the area. The sole purpose of cultivation is
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that of keeping the planted field free of other vegetation so that the plimted crop
will have sole access to available soil moisture.

No special cultivation equipment should be necessary. That commonly used for
the cultivation of maize, corn, or cotton will do the job although some adjustments
may be necessary. It is difficult to say how long cultivation should be c:ontinued.
As a general rule, it can be stopped or at least materially reduced after the plants
become large enough to shade most of the ground surface. At any rate, it should be
stopped when the plants become so large and woody that they are materially damaged
by the cultivation equipment.

Harvesting

Both the woody parts of the top and the main roots of the guayule pl~mt contain
rubber in amounts which warrant processing. Therefore, on the Guayule Prclject, we
harvested the entire plant as a unit.

First, the plants were undercut to a depth of about seven to nine inc:hes. This
was done with two-row machines having a heavy duty subsoiling shank for e~lch row.
To this shank was attached a cutting and lifting blade somewhat like a shclrt (8- to
lO-inch) section of a plowshare. With this implement the large, heavy roclts were
severed to the desired depth and the entire plant was heaved to the surface of the
soil. The plants were allowed to dry for several days to permit the leavE~s to drop
and the new terminal growth to dry. The dried plants were then windrowed using a
large-size commercial side delivery rake such as that used for mown hay ar.ld straw.

The next and final steps were to bale the entire shrub and haul the bales to
the storage yard at the processing plant. For the baling operation, a conmercially
manufactured field baler was used. This machine produced a compact, tight.ly packed
bale about one-third larger than the bale size of similar machines used fOlr hay and
straw in most parts of the country. They were fitted with pickup attachme:nts which
lifted the dry shrub from the windrow, elevated it, and deposited the loosie shrub
into the hopper of the baler. Because of the loose, stiff nature of the shrub, it
was necessary to fit the pickup attachment with a driven, canvas cover.

Loading of the baled shrub was readily done with commercial bale pickup and
elevating equipment.

General Comments

The field operations in guayule growing as briefly described can utilize much
equipment available commercially. However, some of the equipment, especia,lly the
transplanting machine and the digger, was not available and project construction
was necessary.

In the case of private operations, especially with relatively small individual
fields, such equipment would be far too costly for an individual. In my opinion,
this should be no deterrent to a guayule growing program, for this equipment prob
lem could be met by the pooling of operations, perhaps through a cooperative or
ganization or, possibly, by group contracts with an equipment operator having
financial ability to procure and operate the specialized equipment.

Question: In your discussion about cultivation practices and specifically weed con
trol measures, you talked, I think, only about mechanical means. Does that mean
that the spray oil herbicides were used only by the nurserymen?
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Answer: (Henry Lobenstein) No, not at all. In the latter years of the project,
we did use some oils, and there is no reason whatever that with the very much im
proved herbicides that we have today that they could not be used much more exten
sively than we did.

Question: (Ed Marzuti) Has any recent research been done like two- or four-row
planters now where they have herbicides and insecticides and fertilizer attachments
all in one where you can do it all at one time? Has anything like that been done
with guayule?

Answer: (Henry Lobenstein) Not to my knowledge, sir, although I would remind you
that it has been 30 years ago that the project was closed; but I would add this:
I see no reason whatever that it could not be done just with a little ingenuity.

Question: How about fertilizer? Commercial or steer?

Answer: (Henry Lobenstein) We did not use any fertilizer in our field plantations
on guayule. I would say that if you want to increase the hydrocarbon content of a
plant, you better stay as far away as you can from excessive vegetative growth. In
other words, if you want an apple tree to bear apples, do not put too much nitrogen
on it. What you have to do when you use fertilizer is find a balance, and you can
only do that by experimentation and trial. Find a balance by increasing your tonnage
through the addition of fertilizer without greatly decreasing the percentage of
hydrocarbon. Keep in mind that most of the western soils on which the guayule would
be growing have an ample supply of potash. There might be some places where a slight
addition of phosphate would be helpful because phosphate might be needed. Nitro
genous fertilizer such as nitrate or soda is the one that I would say should be tried
carefully and on an experimental basis.

Question: One thing that you did not talk about at all was irrigation practices.
How much water was required "for different climates, etc.?

Answer: (Henry Lobenstein) We grew guayule both under irrigation and under dry-land
conditions and I think that probably if we hadn't been under the tremendous war pres
sure that John mentioned this morning, we would have grown a lot less of it under
irrigation than we did. These were two primary reasons that we went to irrigation:
one of them was to speed up, get as much rubber as you can in the next couple of
years, and the other was to extend its growing area into some areas--like Bakers
field for example--where the normal rainfall was not quite enough for guayule. In
many cases, I would say we made the mistake of over-irrigating. However, there are
some things in favor of irrigation of guayule that you don't encounter in growing
other plants. In my opinion, I would say that for the long pull, for a good stand,
reasonably good growth and high rubber percentage, that you are looking for some
thing in the range of 16 to 18 inches of rainfall. If you want to grow guayule in a
place where annual rainfall is only 12 or 14 inches, you might have to irrigate two
or three times during the summer right after transplanting until plants are estab
lished. After that you can supplement that annual rainfall until the middle of win
ter. As Mr. Presley mentioned, if you irrigate in the middle of winter, you probably
escape quite a lot of the disease problems that you get from summer irrigation. If
you are going to do that you've got to be sure ahead of time that you have a soil
underneath the guayule plants that is able to store and give up water. You put it
on in the wintertime and it will store it so the plants can use it next growing
season. But it can be done then, during the dormant season, when you are not using
it for other crops.
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Comment: (Hilgeman) I think I can give you a little information on fertl1izing.
In our test in 1943-44, we had nitrogen applied to approximately half of the plants
in various soils. In no instance did we ever get a response. It appeared that
nitrogen was not needed.

Comment: (Bob Pierson) I might add a little on this matter of irrigation which
I've run across in some extended literature work on just not merely guayule but the
entire field of plants. There is among my souvenirs a U.S. patent, and I forget
which plant it is on, but it's one of the plants that will produce hydrocfLrbon. More
particularly, the isoprene type hydrocarbon. Among the conditions that ttLey give
for growing are that the hydrocarbon seems to be formed as a result of a drouth re
sisting mechanism. Therefore, the amount of irrigation that is used should be very
scrupulously watched because over-irrigation could be as bad as under-irrj.gation.

Comment: (Henry Lobenstein) Absolutely, we found that to be our experience. If
you're going to grow it in a field that receives 10 to 12 inches average rainfall,
for goodness sake, don't put on 26 inches.

Question: (Joel Schechter) We note that when you are harvesting you remclve the
plant together with the roots. We understand that this gives you additioDla1 rubber
right at the time of harvest, but is there any experience for harvesting just the
upper aerial parts and allowing the roots to regenerate?

Answer: (Henry Lobenstein) There was some harvesting done with younger a.ge plants.

Comments: Could I comment on that? Yes, we harvested some acreage using a method
called "po11arding" where we harvested the aerial portion of the plant and left the
roots, and this worked very well. We used an ordinary mower to mow the tops off and
we used a side delivery rake to put it in the windows. Then we came along with the
balers and harvested it in the customary manner.

Comment: (Henry Lobenstein) I think that one of the reasons for digging, as I
understand it, is that the bulk of the rubber is in the basal portion of the plant
above the ground and the larger roots. Sure, you can cut off the top, but you can't
cut them off too far with the immatu~e, woody plant or it's not going to resprout.
But you could get a small percentage of your total rubber output by cutting off
those tops. What little bit we did indicated this: that if the plants were two or
three years old, we could mow the tops with reasonable success; but if they were
older than that and we cut those tops off, we got some real losses because they just
didn't sprout fast at that age. They were too old to sprout.

Comment: (Eleanor Taylor) During the research project following the emergency rub
ber project during 1947 to 1953, a study on po11arding was conducted on mature
shrubs. It was harvested, as I recall, when it was about five years old. It was
harvested by clipping or po11arding and allowed to regrow for four years. The yield
for those two harvests exceeded the yield on the plants that had been a1101i17ed to
continue through. I don't recall any data on survival. It was not any gr,eat loss
as I recall from the clipping itself and the yield was increased markedly.

Comment: (Henry Lobenstein) My own viewpoint is to find some way of po11i~rding only
part of the plant so that some internal growth were 1eft--enough to start new growth.

Comment: (Ken Taylor) Mr. Lobenstein mentioned that during harvesting op4!rations
as they were conducted during the Emergency Rubber Project, the plant was dug and
allowed to lie in the field and dry until most of the leaves fell off. In our sub
sequent investigations following World War II, we found that this was an undesirable
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practice because the quality of rubber as measured by the potential molecular weight
of the individual isoprene molecule tended to decline with age of exposure of plants
to the conditions that existed in the field. If conditions in the field were not
controllable and did not contribute materially to any beneficial aspects of rubber
recovery, we found that there were other means of coagulating the latex within the
plant. We found that it was highly desirable to move the plants from the field to
the processing mill rapidly and allow as little deterioration as was possible in the
field.

Question: (Henry Lobenstein) In those later studies, did you have to keep the
shrubs in a loose condition, or could they be baled immediately after digging?

Answer: (Ken Taylor) No, we routinely baled it. From the standpoint of ease of
harvesting, that would be the way to do it, or use a machine like the currently
used pickup garbage co11ector,s that compact the material in a truck•

Comment: (Henry Lobenstein) I would say this as far as moisture content of the
plant is concerned. There is no reason whatever that you could not run the baler
over the field immediately after you have dug the shrubs.

Comment: (Tysda1) Speaking on the po11arding that Miss Taylor brought up, I think
that it is quite an important field. We did some additional work on different ages
and I think the recovery is better on the younger plants. Yet we got good survival
on some older plants. Another thing I wanted to mention: when we cut the four-year
plants and then let them grow again, we got much higher yields in another two years
than if we transplanted seedlings.

Comment: (Leslie Baird) As an outside observer I'm more interested in any harvest
ing aspect than I am in a matter of po11arding. It seems to me that while it hurts
the nursery people a little bit, under conditions of the ERP you had the problem of
getting the rubber as fast as you could because of the war emergency. Where fields
are going to be in guayu1e for a long period, it would be important and maybe that
is in the study that Eleanor was speaking about. The point is you always have your
root area which, of course, does contain a certain amount of hydrocarbon and maybe
the second or third time over a period of years you take the entire plant and you
haven't lost anything. I feel that it probably is one of the most fortunate as
pects of that type of harvesting.

Comment: (Member of the audience, unidentified) About 25 to 30 percent of the
rubber is in the root.

Comment: (Henry Lobenstein) On the guayu1e project we used to roughly consider a
third of the rubber content of the mature plant was in the root section. One other
point I want to make: As far as direct seeding in the field is concerned, I don't
know whether it is practical or not, but a lot of you people are very familiar with
desert and semi-desert conditions. You heard Mr. Emerson describe this as a small
seeded plant but under a desert climate, you are not going to get a very high per
centage of germination from the seed you put in the ground. If direct seeding
comes into the picture, I'm convinced it's got to be done something like what was
mentioned this morning, along the line of lettuce or something like that. Also, in
the climate that you're going to be growing it in you've got to figure on having a
lot more seed than you expect to have plants.

Comment: (Reed Rollins) I want to comment that guayu1e has the characteristic that
is not present in many other plants. There are a very large number of buds way down
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on the stem including the roots, so that even the roots will sprout. They produce
what are called retonos. This is a fortunate feature of the plant and as I say,
not common in many other plants, many woody plants in particular. In that: respect,
it seems to me that it is very well adapted to pollarding.

Comment: (John Emerson) We've been throwing this seed collection report back and
forth between us and I did intend to talk about it a little bit, but as ICing as
you're up there, tell them a little about seed collection.

•

•

Comment: (Henry Lobenstein) Very simple. You just take your little two-·row machine •
and put a power operated spiral brush over it that will run over every ro~r with a
sliding hopper underneath. It is the simplest job in the whole operation.

PROPAGATION FROM CUTTINGS

•K. Emerson

The Manzanan Guayule operation used cuttings for a great deal of their propa
gation, and their techniques have been described in detail in Nishimuna et al., .Amer-
ican Journal of Botany 31:412 (1944). Cutting material was obtained from the ---- ~

Salinas Project. The clipping of the nursery stock prior to transplanting provided !

large quantities of suitable material. The stand of guayule obtained was reported
to be "more uniform than a comparable stand of plants grown from seed, and •••
produce seed earlier and more abundantly than seed-grown plants." One experienced
man was able to set as many as 7000 cuttings per day in the bed. Irrigation was
necessary immediately upon transplanting, as is the case with seedlings. ..

These results were obtained under climatic conditions a long way from optimal;
the Owens Valley has hot summers and cold winters, with temperatures of 00 F being
reached occasionally in winter.

Cutting propagation may be especially useful if high yield strains can be
developed by plant breeding.

EXPERIMENTAL PLANTINGS IN ISRAEL
Joel Schechter

Research and Development Authority, Ben-Gurian University of the Negev

We're quite new in the guayule game and have only recently begun with our
studies on guayule. Actually, we did plant out a few plants in our botanical garden
several years ago in the framework of a general introduction program in wh:Lch we
brought species of plants from the deserts throughout the world. Unfortunately the
municipality built roads through our botanical garden and wiped out completely the
plants that we had growing there. So we were not even able to get results from that
study. A few years ago, in light of the development of rubber prices, we decided
to have a look again at the possibility of growing guayule in the Negev. lle did run
into some difficulty obtaining seed of the improved varieties which we had heard had
reached over 20 percent of the rubber content. We obtained seed from the l~ort Col
lins seed storage laboratory and using this seed we began our program.
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The area that we are talking about is an area just north of Beersheba in which
the natural rainfall is from 8 to 14 inches and is exclusively winter rainfall. We
have a hot and completely dry summer. The soil is a sandy to sandy loam and is
mostly quite deep so that we do have the water storing capacity spoken about pre
viously. We have fairly mild winters, very rare frosts and not very hard ones.
The crops in the area generally respond well to irrigation; however, the big problem
that we have is water supply as 95 percent of the potential resources of Israel are
already exploited. When we examine the feasibility of growing guayule in the Negev
we have to compare it with any possible alternate use of the same amount of water.
Land is less restricted. There are some restrictions on it but still the major
factor will be the alternate uses of water.

As I mentioned, we did get the seeds finally from the National Seed Storage Lab
in Fort Collins; we got something like 25 different lines. These were sown in flats,
using an artificial soil mixture of one-third soil, one-third compost and one-third
sand. All of the soils were previously treated with methylbromide so we did elimi
nate the problem of weeds. A certain amount was also sown in polyethylene bags; in
this case about three grams of seeds per hundred bags were used and each bag had
something from five to ten seeds. The germination tests showed that all lines,
even after the seeds must have been something between 20 and 30 years old or more,
had at least 50 percent germination with some reaching 70 or 75 percent. The seed
which was planted in bags had approximately 90 percent germination in the bag.
Ninety percent of the bags had at least one plant in them. The seeds were treated
very simply by soaking for 18 hours or so in tap water; some hydrochloride solution
was added and just last summer they were transplanted to the field in a plot of about
one acre. We are quite short on seed, so for at least the near future we will have
to maintain very small experimental plots until we can produce our own seed, which
has already begun, incidentally.

It is said that the best way to kill a program or a new project would be to
give it to an economist to make a feasibility study. We did that, realizing the
dangers involved in a feasibility study. Nonetheless we think it very important to
at least determine those parameters which are critical for the development of the
program. The study did indicate several important things. First of all, today
Israel imports about 20,000 tons of rubber per year of all types--both synthetic and
natural. It is predicted by 1985 it will be someplace in the vicinity of 50 to
60,000 tons of rubber imported per year. About 80 percent of this is general pur
pose rubber and hence we could see that in ten years' time there could be a market
for about 20 to 30,000 tons per year of guayule rubber. In addition, imports today
for pulp and paper manufacture run something in the area of 55,000 tons per year.
It was seen that there would also be a sufficient market for pulp if the pulp were
the proper quality for paper manufacture. As far as price was concerned, we used
the projections of Commodity and Export Division of the International Bank for Re
construction and Development (World Bank) which predicts that by the 1980s the price
of rubber in New York will be about $750 per ton. For some strange reason, the
rubber in Israel has been about $100 cheaper per ton and I think it's the only thing
we've ever had that's been cheaper than other places in the world. So we took into
account the price of about $650 per ton of rubber. Similarly we used the price of
about $200 a ton for the price of the pulp. We had no data on resin, either from a
technological or an economic point of view. Hence the study was done for 30,000
tons of guayu1e rubber and another 60,000 tons of pulp. We took a ratio of about
two tons of pulp to one ton of rubber, which seems to be in the ball park at any
rate. For a developing country one of our great problems is how to save foreign
currency and we found that if we could use the pulp as well as the rubber it would
save something like 30 million dollars a year in foreign currency. If the pulp
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could only be used for fuel, the savings in foreign currency would be only about
20 million dollars a year. This is an important sum; it may be small to Americans
when they think of their national debt but it is quite a large figure for us who
are contributing to your national debt.

We then analyzed the cost and productivity. For productivity we toolk several
features, that is to say we would harvest after two years at a certain rate per
acre, three years and four years at a certain rate of production, using q,uite a
variation of production capacities. We found that our costs, including c,apita1,
would come out about $500 per acre if we harvested in the second year; about $800
per acre harvesting in the third, and about $1,000 per acre harvesting in, the fourth
year. That is not very dependent upon yield. There would be a variation, with
yield, but we ignored it at this point. In considering our extraction costs, we
did run into trouble because we had very little knowledge of the technology of rub
ber extraction or of the pulp industry. We did use, however, the figures based on
the cellulose industry and found that for the size that I mentioned, for 30,000
tons per year production of rubber and 60,000 tons per year production of pulp, we
would need a 37-mi11ion dollar investment in extraction plants for the rubber plus
the pulp and only 17 million dollars a year for the rubber alone. The pulping plant
seems to be expensive and we may be wrong here because we are not well acquainted
with these figures. Finally we get a cost of $290 a ton for extraction costs for
the rubber, about 25 percent of which are capital costs, and about $95 a ton for
pulp of which about 50 percent are capital costs. Using these figures we come up
to a final income that we would get if we consider a ton of rubber alone without
the pulp. We would have to produce it for $690 a ton. We would get a return of $690
a ton of rubber and if we could sell the pulp as well, we would get a return of
$1,000 - $1,050 per ton of rubber and pulp together. From this we calculated our
break-even yield.

Now we are speaking of an area in which we would have about 10 to 15 inches
of rainfall and therefore we would have to add to it about another six inches for
the 10-inch area at least. Considering this amount of water, which is fairly ex
pensive in our country, we would have to have a yield of 800 pounds, a sustained
annual yield of 800 pounds per year per acre. If we do not use the pulp for paper
manufacture, and if we cannot sell it, we would have to have about 1150 pounds per
year per acre on a sustained yield basis in order to break even. These are quite
high yields if we consider the numbers that were given this morning. In ,addition,
we made a sensitivity analysis of these figures, and if we are off by 25 percent,
production costs will be 25 percent more than predicted here. We would then have
to reach something like 1,100 pounds per acre per year of sustained yield, and if
the price decreased by 25 percent we would have to produce 1,400 pounds pier acre
per year. If both of these factors came cut in this direction, then we're really
in a bad way. We would have to produce something like 2,300 pounds per acre per
year on a sustained yield basis. It doesn't look that good at the moment, but we
made a second analysis; that is, how does this compare with alternate crops that
we can grow with the same amount of water? Here we do not come out so b&i1y if we
compare our figures with the figures of wheat. We do grow wheat at the w)ment and
if we start using water for irrigating guayu1e, we would have to do this instead
of growing wheat. Here again, we come out to about the same 800 pounds pE~r acre
per year figure, as breaking even with the yield per unit of water, as cOIBpared to
wheat. This kind of comparison gives a pretty good idea, although I'm not so cer
tain as far as national policy is concerned that the government would be jLnterested
in growing rubber instead of wheat. We can live without rubber for a short period
of time, but without wheat it is a little more difficult. On the other hand

ll
if we

could get a bit higher yield, I think it could be worthwhile to go into the guayu1e
rubber business.
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We also compared guayu1e with jojoba, that other crop we heard so much about
today. Here the picture is definitely to the detriment of the guayu1e. Jojoba
does come out far better for use per unit of land or per unit of water than the
guayu1e seems to come out according to these figures.

Again I say that one must be very careful in looking at these numbers. There
have been many surprises and I think it would be surprising if there were none in
these figures. We are going to go ahead with the program on a limited basis. We
have our first area planted out already and we should be getting results in at
least another two years when we can harvest the first amount. Thank you.

Question: Is that World Bank economic data available now?

Answer: (Joel Schechter) Certainly, you can ask them for it. I suspect they'll
give it to you; I see no reason why they shouldn't.

Question: (K. Taylor) I'm interested in your comments on the germination rates
that you got out of the seeds that you obtained from the National Seed Storage
Laboratory at Fort Collins. Do you know whether or not that seed at Fort Collins
had been held under conditions of cold storage or was it at ambient temperature?

Answer: (Joel Schechter) I would assume that it was cold storage because we kept
it for a few months at ambient temperature and found that the percent of germina
tion began to decrease. I couldn't possibly consider that they could have that
high germination rate if they were not under cold storage conditions.

Comment: (Quentin Jones) All of the seed stored at Fort Collins was under con
trolled humidity and temperature, about 400 F. and 40 percent relative humidity.

Question: (J. Johnson) In your feasibility study did you use figures in terms of
substitution for land use? In other words, if you were going to use land now being
used for wheat or some other purpose did you take into account land being used for
this?

Answer: (Joel Schechter) We took into account. We compared the growing of wheat
as an alternative for the growing of guayu1e, and more important than land was the
return per unit of water.

Question: (J. Johnson) So some of your figures might change slightly if you were
to be making the same analysis in the United States?

Answer: (Joel Schechter) Certainly. Those results apply particularly for Israeli
conditions and one should be very careful in applying them here.

Question: Could we find out at this point what the supply of seed is, or what
amounts are available at this time?

Answer: (Joel Schechter) All I can tell you about that is that we promised to re
place the seed we received from Fort Collins.

Comment: (R. Anderson) When we learned that the government was destroying all the
seed that was left over from Salinas, we thought somebody ought to do something
about it. So with a little Congressional help we did acquire quite a bit of seed.
We don't keep our seed under refrigeration but we do keep it dry, and it has a very
fair germination rate; it ranges from 40 to 80 percent. We test our seed once a
year. Each year it decreases just a little bit in viability.

35



- ....

Question: (J. Bonner) Did you have information on which you could base a judgment
for increment of yield for increment water?

Answer: (Joel Schechter) I wish·I had some of that information; it would be vital.
What we are saying is very simply that we know from literature, from what others
have done, that there should be at least 16 inches of water. If we're w()rking in
a 10-inch rainfall area, then obviously we are going to have to add six inches of
water. However, your question is very well in place. This will be one of the
vital things we'll have to gain from our experimental program before we can reach
any optimum of water use. So far as I'm aware there isn't any such info]~tion and
it would be extremely helpful to know, for example, if you added eight inches in
stead of six inches, how much increment of value you would get from the ~Ldditional

two inches. This would be one of the parameters which is vital in our program be
cause water use is the critical factor here. All our calculations finally will
revert back to use or return per unit of water. This will have to do better than
alternate crops. If it doesn't, then for our conditions it will not be worth
growing.

The seasonal application of water will also be very important. We would be inter
ested in giving it only in the wintertime. We have more water available in the
wintertime than in the summertime. It means that the plant would have tel go through
the entire summer--something like a seven~or eight-month period--with no water ap
plication whatsoever. I was glad to hear Mr. Lobenstein mention this morning that
such a thing is not only possible but might be desirable from many points: of view.

Question: (Bennigan) Dr. Schechter, I was wondering if your economic projections
had given any credit to the value of the resin?

Answer: (Joel Schechter) We give no credit whatsoever to the value of the resin.

Question: The point was made this morning that resin could carry a high value, and
along that same line I'm wondering if your studies, or projected studies, included
any work on the extraction or processing end of this and if you are going on the
basis of work already done, will it probably be adaptable when you need it?

Answer: (Joel Schechter) We are definitely considering going into the chemistry of
it, the extraction of it and the use of the resins and in the pulping process.
In fact, one of the reasons why Professor Wieniak is here today is that he has been
the Head of the Chemical Engineering Department at the Ben Gurion University and
we're hoping that they will contribute to this particular research.

Question: (Tysdal) You mentioned a rather high figure, as I viewed it, for the
cost after the third and fourth year--as much as $300-400 in one year--or $300.
We think of those years as our least expensive. I was wondering if you would ex
plain that or tell us how you arrived at it.
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Answer: (Joel Schechter) I don't have the breakdown of those figures here but they •
are high, I will admit. The economists throw in things you never thought of, in-
cluding the time the labor force is unemployed and you have to pay them anyhow, or
something to this effect. I would rather not give you the complete breakdown. I
do consider the figures to be high, to be quite high.

Question: (Robert Dennis) What average yield of wheat did you have, or did you use ..
in the comparison?
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Answer: (Joel Schechter) We get two metric tons on an acre, something like 4,400
pounds. It might be of interest that in Arizona the average yield is about like
that. In the past year it was about 4,600 pounds, so it's about the same order of
magnitude.

Question: (D. Miller) Wheat is always important for pulp in raw material. Did
that enter into your calculations?

Answer: (Joel Schechter) We use our wheat for cattle feed and that is already taken
into consideration in the return per acre of wheat. In fact, we mix it with
chicken manure or we feed it to cattle directly.

REPORT ON ACTIVITIES
OF THE CONTINENTAL MEXICAN RUBBER COMPANY

Elbert M. Long

I went to Mexico in May of 1943 to work for the office of Rubber Plant Inves
tigations of the U.S.D.A. and from 1944 to 1949, in the cultivation program of Con
tinental Mexican Rubber Co. I should like to make a few comments about that
experience--in writing--because my failing voice is untrustworthy.

The only innovation of ours worth mentioning in guayu1e cultivation was the use
of wheat straw instead of sand to cover the seed planted in the nursery. We found
that the straw mulch gave us better germination with less irrigation than sand and
was cheaper.

Our field plantings were in newly cleared land in the "Laguna area" north of
Torreon. The annual rainfall there was around 12 inches, much of it during the sum
mer. The irrigation water contained around 2000 p.p.m. of soluble solids, but had
a fairly favorable Ca/Na ratio. The water was too scarce and probably too salty to
consider direct seeding. The stands achieved by transplanting nursery grown seed
lings varied greatly and on the average weren't good.

After a year in the field the plants had 7-8% rubber. The Company's experience
in the Salinas area led us to expect a steady increase in rubber percentage but the
annual increment after the first year was disappointingly small. However, the
greatest disappointment was in the increasingly serious loss from root and crown
rots after the first year or two in the field. We learned early not to irrigate
transplants after they had become established during the summer and not to transplant
after the onset of warm weather. But the older the shrub became the greater the loss
in stand after each significant summer rain. I left C.M.R. Co. before most of the
Cartagena shrub had been milled, but was convinced that the loss from diseases became
great enough in approximately three-year old fields to prevent any gain in rubber
per acre, and that there was a progressive net loss in rubber thereafter.

Under no circumstances would I recommend an attempt to cultivate guayule in any
area with much rain during hot weather. In fact, I think that the price of rubber
in comparison to food crops would have to go much higher than at present in order to
make the cultivation of current strains of guayu1e economically feasible anywhere.
I do think that a limited research program to develop and test improved strains
might be advisable.
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DISEASES OF GUAYULE

John T. Presley
Pathologist, Emergency Rubber Project

I would first like to comment on one statement that John Emerson madE~ concern
ing seedling losses in the nursery; he felt that seedling losses were negligible.
I think if John would realign his thinking on the seedling losses, he would find out
that actually the losses in the nursery were considerable in relation to the number
of seeds planted. As you will recall in Lloyd's monograph dealing with thE~ guayu1e
rubber plant in the Chihuahuan Desert, there is mention of only one disea~le. The
disease mentioned was rust Puccinia parthenii which occurs primarily in ME~xico. It
has occurred to a small extent on native shrub in South Texas. This leaf rust
causes light brown pustules on the leaves and rarely causes much loss of leaves.

We went into the guayu1e program thinking that we had a plant that WcLS unusually
free of diseases. However, when the seedlings started emerging in the nursery, we
found that we had post-emergence damping off and on careful examination WE~ found
that we also had pre-emergence dampening off as well as seeds rotting in the soil.
As Emerson mentioned, the original Intercontinental Rubber Company nurserfes at
Salinas were on rather heavy, poorly drained soil. During the rainy seasorL the nur
sery seeds were pretty much waterlogged. Since a desert plant does not like wet
feet we had considerable nursery disease in the early seedling stage. In some of
the nurseries there were many low areas where practically all of the seedlings were
lost.

In terms of the overall disease picture, I think it would be well if we start
thinking in terms of where and when the diseases occur and which diseases are giving
us the most problems and where; thus the easy breakdown would be first, the nursery
diseases, then the transportation and storage diseases, and last, what we refer to
as field diseases.

When "wet feet" occurs at this stage of growth the plant just does nOit survive
because of dampening off or pink rootrot. This name was given to the dise:ase be
cause the lesion on the taproot or the primary radical has a pinkish appearance.
The disease is caused by pythium~. One of the transit or storage diseases is
caused by Sc1erotinia. We found that nursery stock grown on land that had a history
of vegetable production such as lettuce and beans, where the soil was pretty well
infested with the sclerotia were especially susceptible. When the plant is lifted
and packed, particularly under warm moist conditions, the loss may be up to 100 per
cent. Pythium rootrot occurs where there are extended irrigation runs and where the
temperatures are above 100 degrees. There will be extensive losses, particularly
near the water outlet and also at the ends of the rows where the water tends to
accumulate. Vertici11ium wilt is a very widespread field disease, particularly in
the cooler valleys of California but it occurs elsewhere in the United States.

Botrytis, called grey rot, which is also a transportation or a storage disease,
causes some losses in the nursery if environmental conditions are correct for disease
development. Dip10dia dieback, first observed in the lower Rio Grande Valley of
Texas and caused by Dip10dia theohromae, occurs as a lesion at the juncture of a
leaf and the stem. In many cases the lesion continues to develop from the base of
the dead branch completely encircling the stem of the plant, and of course the entire
top dies. In the later stages of fungus development on the dead branches the fungus
erupts the bark and the fruiting structures are formed. Rain and wind prtmari1y
disperse the spores.
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At San Antonio in an indicator plot, we had considerable mortality from Phy
matotrichum rootrot. Phytoptlora will also take out a tremendous number of plants.
Are there any questions?

Lobenstein: There are two questions: When you give this review of all the disease
it sounds like the whole world is going wrong with diseases and there is no chance
of growing guayule. How prevalent are these diseases, and to what extent can they
be avoided by cultural practices?

Presley: I would say that cultural practices are helpful in reducing the overall
loss from anyone of the diseases. The choice of planting site is more important.
I would not plant guayule in an area that is known to be pretty heavily infested
with verticillium. The same thing is true of Phymatotrichum rootrot. In areas where
it is necessary to prolong irrigation runs, if you could just wait until winter to
irrigate, it would be fine; but unfortunately the plants like to have water during
the summer too. And if the temperature is around 1000 it is very bad.

Question: (G.A. McCallum) I would like to ask you if the quality of the irrigation
water utilized might have any bearing on the disease problem?

Answer: (Presley) Particularly around Edenburg, in the lower Rio Grande Valley,
the softest water that is generally available naturally is about 600 parts per
million dissolved solids. There is a lot of calcium in the water there too and this
particular near-brakish water has caused quite a bit of problems with some crops in
the lower Rio Grande Valley.

Question: Do you suppose this could have some bearing on guayule?

Answer: I think very definitely that it could have a bearing on the general health
of the crop. We feel that any plant that is weakened in any way, whether it is by
accumulated salts in the soil or whether it is by overirrigation or by irrigation
water of the wrong temperature when applied, will predispose the plant to a greater
amount of loss than would be the case if not subjected to such conditions.

Question: Is it true that nothing was done toward the development of resistant
varieties to any disease? The program was, I think, too short for that.

Answer: Leroy Powers and I were working on verticillium resistance when he left the
project. But we didn't really get far enough to have any variety or strain that was
resistant to disease. As you say, ordinarily breeding for disease resistance is a
long-time project. You will recall though that selection 405 was considerably more
resistant to verticillium than 593. There is a possibility of raising the general
level of resistance, maybe not immunity but to develop a field type resistance.
This is essentially the point I want to bring before the audience.

Comment: (W.A. Campbell) There is a publication in which they indicate a selection
111 which was very resistant to verticillium wilt. Dr. Powers and I found that to
be true in the trials at Salinas. If anybody wants a copy of this disease bulletin
I might point out that Bill McGinnies has an IBM Xerox copy and he might make other
copies.

Bob Helgeman: I might add a comment on disease. Herb Kramer and Leonard Johnson
were working on disease in the Salt River Valley and they made a planting of quite
a large assortment of seed. They did manage to get, I think, a couple dozen plants
to survive. Then they took seeds from these, planted them and much to their dlH~IJHt

they concluded it was all happenstance; they had no resistance to desiccation.
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Question: (Noel Vietmeyer) You mention that some of these diseases occur on cotton
and lettuce and other things. Can you give us a perspective about the genleral dis
ease situation on guayule? Is it very serious compared to cotton, lettuce and other
plants, or is it about the same or less?

Answer: (Presley) Sometimes spacing has a great deal to do with plant re:sponse to
disease. You probably remember the work on cotton at Las Cruces on plant population
and percent verticillium wilt. This was an actual reduction of the number of plants
infected--not just the percent infection--but if the population of cotton plants,
for instance, were raised from 25,000 to 45,000 per acre, the amount of ve'rticillium
wilt was cut in half. Some of the indicator plots with guayule suggested that this
is also true in guayule because the wider spaced plants had greater diseas,e loss
than the more thickly spaced plants. However, these guayule plots were established
practically under duress and the mortality was rather high in some of the plots. So
when you say you have a thick population this is a relative thing. This should be
kept in mind in evaluating disease response.

Question: I would like to ask if you were going to do this planting on a large scale
and you had a very large area of guayule and one small portion of it becam,e diseased,
would this be a serious threat to the entire planting, or is this something that
could be controlled on a local basis?

Answer: Fortunately the diseases that we are dealing with are generally not air
borne, but are soil-borne, and with that in mind, to the extent that the disease
itself moves through the soil--that is, the fungus--there would be no dangler from an
isolated spot in the field. This is not the same as with rust; if you are growing
wheat and you get stem rust at one location in the field, the entire plot ean become
rusted from it. That's not true with the guayule diseases.

Question: (W.G. McGinnies) Your presentation was largely concentrated on the micro
scopic characteristics of disease rather than broad relationships. What percentage
of these diseases are the results of mechanical injury or from fungi? Most of the
diseases you have described are the result of the culture or mechanical handling of
the plant. Is this something which obviously would be subjected to control? How
about bacteria and viruses?

Answer: (Presley) I'm glad you mentioned bacteria. In California there is an area
where there was considerable loss from the bacteria that, so far as I know, had not
been determined as to genus and species as yet. That was generally associ,ated, again,
with over-watering and waterlogged soil. The other part of your question is that
there are certain diseases, for instance verticillium, that in cultivation we have
what we call root pruning. I'm sure you are familiar with the ploughs pas:sing be
tween the rows of plants--where the roots have gone into the center--where those
roots are essentially pruned off in the cultivation operation. We find in cotton,
for instance, that you have a higher percentage of verticilium wilt and fu:sarium
wilt where this root pruning has occurred.

Question: I have one other question. I might assume that you folks at Salinas dis
covered all these diseases on the cultivated material, the cultivated shrub, or did
they exist with the guayule while it was in its native state?

Answer: (Presley) I think the guayule in the native state is as pointed out in
Lloyd's monograph, essentially disease free. I surveyed the entire Big Bend Country
and did not find any disease.

40

- .......

•

•

•

•

•

•

•

•

•

•



..
Question:
guayule.

Your discussion concerning disease referred almost entirely to irrigated
Did you find the same diseases on the nonirrigated cultivated fields?

•

.,

-

Answer: You are familiar with Frio County, Texas. All of the guayule planted in
Frio County was nonirrigated and there was one field on the Sanderson farm that had
what I called canker. It was caused by Diplodia and apparently the plant was pre
disposed by the very high temperature right at the ground line because this is where
the canker occurred. When. the canker progressed around the entire collar of the
plant, of course, the plant died. That is the one disease that I observed on the
indicator plots at Pearsall •

Comment: (Campbell) One thing that should be mentioned here is that all the water
in the world on guayule when the soil temperature is below about 650 will do no harm.
Practically all the problems we had with irrigated shrub were blamed on too much
water by the farmers or those acquainted with irrigated land. In other words, we
were the ones that came along and put a disease tag on it. The farmers themselves
all recognized too much water when they saw it.

Question: All of these diseases are widespread and appear on many different kinds
of plants. They attack guayule but they also attack a great many other plants.
It's the conditions under which the plants are growing that very often is important
as to whether or not you get an epidemic. Is that correct?

Answer: I think that I would go along with John Emerson on this point and also to
allay some of McGinnies's fear that all guayule is going out the window. The dis
eases are the same on guayule as they are on corn, turnips, alfalfa; it's a portion
of the field. And to the extent that you lose a portion of the field depends on
the size of the field as to how much loss it is to you.

REVIEW OF WORLD WAR II EXTRACTING
AND PROCESSING GUAYULE RUBBER

James J. Byrne
In Charge of Extracting and Processing, Emergency Rubber Project

I have been invited here to discuss the extraction and processing of guayule
rubber during World War II. It is a great pleasure to do so as I recollect the
many wise, dedicated and friendly people with whom I was associated on the Emergency
Rubber Project. As head of the engineering operations of the Project I was respon
sible for the design and construction of a wide variety of facilities. I was also
given general supervision over matters relating to the extraction of rubber.

In this latter capacity I participated in a committee headed by Dr. William G.
McGinnies, which reviewed and approved plans for research activities and evaluated
research results. I acted as chairman of a subcommittee on extraction research and
studies.

In this discussion I will try to avoid repeating information which has been
covered in other discussion. However, I will mention some matters presented else
where, in a general way, to properly place them in the context of this discussion.
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Guayule rubber is chemically identical with Hevea rubber in that it :f.s a cis

polymer of isoprene. However, it differs in molecular weight, being some~mat lower
and, milled conunercially by the pebble-mill ing process, has a higher pe~rcentage

of impurities. The rubber extracted by the Emergency Rubber Project analyzed as
70.1 percent hydrocarbon, 23.9 percent resin and 6.37 percent insolubles. Hevea
smoked sheet contains about 93.3 percent hydrocarbon.

During the World War II years about 16 million pounds of pebble-millE!d crude
guayule rubber was produced in Mexico and the United States. The U.S. production
was approximately three million pounds. The U.S. production was mostly fz:om cul
tivated shrub; however, about 500,000 pounds of this amount was extracted from wild
shrub gathered from the Big Bend area of Texas.

Two of the main uses of guayule rubber during World War II were for the inner
ply of heavy-duty truck tires and for compounding with Buna-S synthetic for making
the sandwich material in bullet-proof gas tanks used in war planes. The reason for
using guayule in the inner ply of heavy-duty tires was that the synthetic rubbers
then available had too much heat buildup due to hysteresis. For the sandwich for
gas tanks, it was found that 20 percent guayule rubber compounded with 80 percent
Buna-S gave equivalent swelling performance to the 100 percent Hevea prev:f.ously used.

Our head of rubber extraction on the Emergency Rubber Project was George W.
Miller. He was formerly a head of the reclaim division of Firestone RubbE!r Co. in
Los Angeles and was a highly qualified rubber chemist. Due to his familiarity with
other rubber chemists in the California industry we were kept informed of problems
in the use of synthetics and the possibility of solving these problems by using
guayule rubber. George himself developed many combinations in the experimental
laboratory of the project. There was no question that Buna-S, a copolymer of sty
rene and butadyene, was a big headache. The tensile tests were low and VE!ry erratic
and there was a high percentage of rejects in tires made from Buna-S. Late in the
war, a National Rubber Co. rubber chemist reported that he had been able to raise
the average tensile strength considerably by using a master batch of rubbE!r loaded
with carbon and other compounding ingredients and then diluting this batch with
additional Buna-S to obtain the desired proportions. Miller tried the saule thing
using guayule as a master batch and adding Buna-S. The result was a tens:f.le strength
about twice as great as from Buna-S alone. Miller reported this work to his ac
quaintances in the industry. Unfortunately, there was not enough guayule to supply
this use. I mention this here because most reports I have read on the potential use
of guayule neglect to mention the combination of guayule and other rubbers. Miller
was convinced that the capacity of a plant using synthetics could be greatly in
creased by using guayule for "master batching."

I mention the foregoing uses and potential of crude guayule rubber be~cause the
question arises as to whether the resinous rubber produced from guayule by the pebble
milling process is good enough to find wide markets or whether a better guayule
rubber needs to be made. You will hear from Eleanor Taylor about guayule rubber of
lesser resin content. There are other processes, never suitably explored, that will
give a product approaching Hevea in properties. To understand this potential we
need to describe how rubber occurs in guayule.

•

•

•

•

•

•

•
The guayule plant, both top and roots, contains rubber dispersions in. the cells

scattered throughout the plant. These rubber dispersions contain polymers of the
same monomers that constitute Hevea rubber. If there were some way to extract this tt
rubber without coagulating this dispersion, a latex similar to Hevea could be ob-
tained. This was actually done at pilot plant scale on the Project but un.fortunately
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only 30 to 50 percent of the total rubber hydrocarbon in the plant was obtained.
The problem was that of keeping the rest of the rubber from coagulating. Step
milling was considered but deemed unfeasible for reasons I will cover later.

Without going into detail of the reasons for the conclusion, we were convinced
that recovery of coagulated rubber could be increased if the rubber in the cells
was fully coagulated before the plant was crushed or cut. Such dismemberment of the
plant before coagulation would result in smears of the latex on the fiber material
and thereby rendering it unrecoverable. Also if drying were done after comminution
the exposed faces would be overdried and rubber deteriorated •

The consensus of people with experience in guayule production was that the rub
ber in the plant could be deteriorated by exposure to the sun for a long period.

The extraction method which had been adopted in the guayule industry was called
pebble-milling. The process included some method or methods of coagulating the rub
ber in the cells followed by comminuting, crushing, pebble-milling, flotation which
caused rubber and cork to float and the bagasse to sink, subjecting the floating
cork and rubber to heat and pressure to waterlog the cork, flotation again to float
the rubber and to cause the waterlogged cork to sink, scrubbing the rubber agglom
erates, drying and packaging for shipment.

The success of the pebble-milling method was partially the ability to cause
the small rubber particles to unite to form large enough agglomerates, thereby im
proving flotation and lessening the possibility of loss in screening processes.
Also the larger particles would be easier to dry in the driers where the thru-flow
of air was important.

Now to look at the shrubs available for milling: Among property acquired from
the government from the Intercontinental Rubber Co. was a 600-acre field of l3-year
old, dry-land, cultivated guayule near Salinas, California. The early plans of the
project included milling out this shrub as soon as seed had been collected from the
Arguello plants. It had been estimated that the seed available would be enough to
plant about 60,000 acres of guayule. However, an improved seed harvester, developed
by the Project, enabled the collection of enough seed to plant 200,000 acres. Long
range plans were then made to acquire lands for planting this acreage. Later, due
to a decision by Rubber Director Jeffries, the expansion of the project was curtailed.
This curtailment occurred in April of 1943. At that time over 12,000 acres of field
had been planted in the summer of 1942 and 56,000 acres had been leased for planting
during the next season. In addition, the project had established about 3,000 acres
of nursery.

Later the Rubber Director advised the Secretary of Agriculture that a certain
amount of the acreage already acquired should be planted as an insurance in case the
synthetics failed to fill the needs. The Project then proceeded to plant 30,000
acres of field and about 2,000 acres of nursery to be held available in case of
emergency.

Now to get back to milling: Even before the curtailment of the Project, the
Spence Mill near Salinas was operating on shrub from the Arguello field. This
mill had been operated for a few months each year before it was acquired by the
government from the Intercontinental Rubber Co. That company which was operating
three mills in Mexico at the time loaned us Daniel C. Cooley who was operating their
Satillo Mill and who had formerly operated the Spence. With his help and advice the
Spence Mill was altered with the following improvements:
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b. The roll-type crusher which had formerly been used before shrub c:utting
and drying was moved to the milling circuit following the comminution
and drying.

a. A warehouse was built to hold 400 tons of baled shrub which allo,~d

about a l5-day storage before milling. It was contemplated that the
shrub would be baled in the field, after about three days of expc)sure
in piles. •

c. A rotary cutter replaced the ensilage chopper formerly used by the
company. This was soon abandoned in favor of a hammermill.

d. The crushing line, with the movement of the bull-crusher in seriE~s

included three crushers.

The Arguello field yielded approximately 2,300 tons (moisture-free b~lsis) of
shrub from which 880,286 pounds of crude rubber were extracted. The hydro(:arbon in
this shrub averaged 18.91 percent. The milling efficiency on a hydrocarb()n basis
was 90.84 percent. This milling period was begun in March, 1943 and termlnated in
July, 1943.

After the curtailment of the Project, Rubber Director Jeffries was told that,
if the Rubber Reserve desired and paid the costs, we were prepared to ha~Test and
mill wild shrub from the Big Bend area of Texas. He agreed.

The Texas shrub was baled on site and shipped by rail to Salinas. TIle total
weight processed was 1,700 tons (moisture-free basis). The crude rubber recovery
was 510,000 pounds. The average percent hydrocarbon in the shrub was 12.3 percent.
The extraction efficiency on hydrocarbon basis was 87 percent. The millillg was
commenced in October, 1942 and terminated in April, 1944.

It should be noted here that these millings resulted in large agglomE~rates of
rubber which were easily recoverable in the process. The word "worms" wau used to
describe these agglomerates. Our pilot plant experience indicated that it was very
difficult to get large worms from young shrub.

The decision having been ~de to prepare to build a new mill at Bakersfield,
four firms were selected in January, 1944 and invited to enter into competition by
drafting their ideas for mill design. They were furnished with a prospectus and
invited to observe the operations of the Spence Mill. The prospectus included new
concepts resulting from research done by the Bureau of Agriculture and Industrial
Chemistry and by experience gained by operations at Spence. After review of each
sketch plan, the Southwest Engineering Co. of Los Angeles was selected to do the design.

One of the major innovations proposed in the new mill was to parboil the shrub,
to loosen leaves, after which the leaves would be separated from the plant and
wasted. It had been found that the leaves, which contained no rubber, cOllstituted
from 20 to 30 percent of the total weight of the plants. By their removal the per
centage rubber in the residual plant would be increased. Also, there was some
evidence that the milling leaves interfered with the agglomeration of rubber particles.
Another ~jor innovation was the use of continuous-belt driers for drying the rubber.

44

•

•

•

•

•

•

•

•



..,..

....

."

Rectangular. in-line. flotation tanks had shown promise in pilot plant opera
tions so they were adopted in the new design. The theory of flotation was that. if
the diluted slurry was given horizontal impetus at the surface of the tank. the
rubber particles would have a better chance to surface.

Since analysis had shown its feasibility. the new design would burn the bagasse
as fuel for steam production.

In June, 1944, it was decided to purchase equipment. Most of the major items
were secured from a firm specializing in rebuilding second-hand equipment. Some
new equipment was purchased also.

In fiscal year 1945 funds were provided for the construction of the Bakersfield
Mill and the reconstruction of Spence Mill along the same lines. A flow diagram
of these mills. as modified is shown in Figure 1. The schematic diagram of the
power plants is shown in Figure 2. In order to get as much experience as possible,
(1) For drying rubber, a single-belt, multi-stage drier was used at Spence and a
two-belt drier at Bakersfield, and (2) For dewatering bagasse, a Bird centrifuge
was used at Spence and an Oliver filter at Bakersfield.

The remodeled Spence Mill was put in operation in December, 1944 and the new
Bakersfield Mill was started in May, 1945. Both mills operated satisfactorily un
til the project ended. The mills operated on young shrub (two-to three-year-old)
from plantation and nurseries.

The total crude rubber production of the Project approached three million
pounds. The table, page 49, shows a record of results of all millings .

George Miller's final report analyzed the results of milling. He concluded
that, if rubber in the shrub is less than two percent, no recovery of rubber can be
expected by the process used. He also shows that the efficiency of milling, ex
pressed in hydrocarbon, is related to the ratio of rubber to fibre in the shrub.
He reasons that the more fibre the less is the opportunity for small particles to
meet and become agglomerated with other particles to form a worm that is large
enough to be recovered.

Miller also emphasized the importance of crushing. He cites an experiment by
BAIC in which eight passes through a crusher agglomerated the rubber sufficiently
so that it could be recovered in the laboratory by merely agitating the pulp in
water. However, this test indicated that repeated crushings tended to cause more
nonhydrocarbon materials to be incorporated into the rubber. He felt that at least
three crushers should be used in future mills.

Miller was of the opinion that the weakest part of the milling process used was
in flotation. He felt that some form of centrifuge would be more desirable than
flotation. He based this opinion on theoretical analysis of the flotation process
as well as on experience at Spence where the Bird Centrifuge effectively separated
small rubber particles from the bagasse.

At this point I will go backward in time to complete this account of rubber
extraction. Early in 1945, it had become apparent that the natural rubber supply
had become depleted and that synthetics could not fill the bill. Rubber Director
Jeffries was quoted as saying that he was sorry that he had put the brakes on the
Guayule project. The Rubber Reserve asked the chief rubber chemists of all major
companies to visit the Project and appraise the possibility of rubber production
from the shrub already planted. They visited the Project and recommended that the

45



~ D.\LEO 51lRUn PROM fIELD

BAl,.£ STOA"'C£

SCIUiliN

Figure 1. Flow diagram of milling of young shrub at both Spence and Bakersfield
Mills.
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SuMMARY OF RUBBER PRODUCTION
ALL SHRUB**

Shrub Rubber HC Rubber Produced by Mills '.Processed in Shrub Pounds Pounds %
Campaign Pounds Percent Pounds % Crude % Hlc Crude Hlc Recovery

Spence Mill

Arguello 4,642,802 15.18 704,600 18.91 13.79 880,286 640,050 90.84 •Texas 3,395,122 12.32 418,104 15.02 10.72 510,086 364,030 87.09
* 1945 7,125,191 8.15 580,745 8.70 6.15 620,217 434,969 74.91
* 1946A 3,207,513 8.18 262,375 9.37 6.55 300,510 210,031 80.04
* 1946B 2,588,538 7.93 205,171 7.17 5.12 185,590 132,520 64.59
**

Bakersfield Mill

* 1945 1,352,191 5.93 80,212 4.21 2.96 56,800 39,946 49.80
* 1946A 3,315,184 5.14 170,400 4.32 2.98 143,310 99,173 58.20
* 1946B 3,304,839 6.88 227,373 6.16 4.28 203,430 141,452 62.15

Grand -Totals & 28,931,380 9.15 2,647,940 10.03 7.13 2,900,229 2,062,171 77 .87
Averages

* Young shrub.

** Eliminated from consideration in this report is the rubber produced at Spence
Mill during the period December 2-14, 1945, since this involved experimental
Jordan milling and the resultant data are not amenable to the analytic method
developed in this report. Total rubber production by the Project, including
that produced in the experimental laboratories and in the experimental Jordan ..milling at Spence Mill, was 2,944,909 pounds.

Forest Service proceed immediately to build four additional mills to process the
shrub in the ground. However, the Forest Service Chief would not accept the re
sponsibility of processing the shrub. Firestone Rubber Co. was then given this
part of the rubber production job.

Later, in June, 1945 the Rubber Reserve called a meeting in Akron, Ohio to
discuss the situation. Present were the chief rubber chemists of the larger com
panies, BAIC researchers, George Miller and myself. The purpose of the meeting
was to firm up the process to be used by Firestone. Some of the findings were:

1. Firestone would proceed with a design along the lines of the mills already in
existence but would improve the flotation process.

2. The BAIC was asked to continue, at an accelerated rate, investigations of
retting and certain other milling processes.

3. I was given the task of getting the machinery and setting up at Spence full
scale equipment to test Jordan milling and controlled retting of shrub particles.
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We were told that nothing should stand in our way, that we had the highest
priority to equipment and materials. To make a long story short, I was able to
arrange for: (1) The Noble Wood Machinery Co. to supply three large Jordans im
mediately and send a pulping expert to Salinas to help in their installation and
test, and (2) A second-hand trommel type drier from an abandoned cement plant was
purchased and put on its way with priority routing.

Experimentation with a small, laboratory-type Jordan, in batch milling had
shown rubber recoveries of about 90 percent. Also the rubber had less insolubles.

The Jordan machine (see Figure 4) is a device used in the pulp and paper in
dustry to defiber wood pulp. It consists of a rotor shaped like a truncated cone
and a stator shaped to receive the rotor. Bars with wooden separations are arranged
around the periphery of both rotor and stator. The gap between rotor and stator
can be varied by moving the rotor in or out. The defiberizing and cutting process
is accomplished by injecting the slurry in the small end and subjecting it to
constantly increasing velocity, turbulence, and cutting action as it passes, through
the gap, to be ejected at the large end of the machine. A combination of rubbing
action, turbulence and cutting can be varied by change in the gap or in the depth
of slots between bars. The time through the machine can be varied by a throttle at
the outlet.

The Project was terminated before the Jordans were fully tested and before the
retting cylinder was put in operation.
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Fig. 4. The Jordan Refiner
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Another item of interest was that mill scale experiments of bale retting were
carried out at the Spence Mill by the Forest Service in cooperation with BAIC. The
bale retting of parboiled and deleafed, baled shrub was shown to be successful and
practical. The effect of retting will be discussed later by Eleanor Taylor.

I also will add that the extraction of rubber in a dispersed state from the
shrub was accomplished by BAIC in pilot scale tests. The latex approached Hevea in
quality. However, the maximum recovery was only 50 percent of the hydrocarbon
available.

Other pilot scale methods of extraction were carried out. One, the digestion
of shrub by sodium hydroxide before milling was considered undesirable on account
of the difficulty of removing the sodium hydroxide. The resultant rubber had short
shelf life. Another experiment found wanting was the coagulation of rubber by the
introduction of acid in the milling process. This also was found to be impractical.

A promising process to recover deresinated rubber is that of extraction using
a solvent such as acetone or alcohol. This was not sufficiently tested before the
end of the Project. However, the process has been demonstrated to be successful in
drying wood.

..

I will conclude this paper with a quote from the Miller final report:
closing, we feel that work done so far to improve the mechanical extraction
ber from guayule has barely scratched the surface. In our work to date--to
phrase Isaac Newton--we have noted and examined only a few of 'the brighter
on a mighty beach.'"

Questions and Comments from the Audience

Question: (E. Campos) What amount of moisture would you get?

"In
of rub
para
pebbles

••

Answer: (J. Byrne) In our process we dried, baled and cut it, then dried it fur
ther at the entrance to the dryer. At Bakersfield it ran about 25 percent moisture
content and at the outlet it ran from 12 to 18 percent. It seemed to be satisfactory.

Comment: (K. Taylor) If there are no more comments on Mr. Byrne's paper, I have
one comment to make. He noted that the younger shrubs were defoliated to avoid over
loading the mill with about 20 to 30 percent of unproductive bulk. There was another
reason which perhaps was not evident at that time but became evident later. The
leaves contain the major portion of the metallic constituents of the guayule plant.
They contain appreciable quantities of iron and certain amounts of copper. Both of
those metals served as antioxidants and there are other materials in the residue
which serve as catalysts to oxidation, so we found it advisable to remove the leaves
as a source of metallic contamination in addition to reducing the load in the mill.
It is the copper which is the real bad actor promoting the deterioration of crude
rubber.

Question: (C. Pardo) You mentioned earlier compounding of the guayule rubber with
Buna-S up to amounts of about 20 percent. Does this contain the resin or was this
deresinated guayule?

Answer: (J •. Byrne) This was the resinous variety. Actually, you have to remember
that until 1910 most of the rubber used in tires was guayule and the company had
one of these old tires down there; I have a picture of it.
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Question: Is there any published information on this?

Answer: (J. Byrne) In the Emergency Rubber Project they were too busy getting
things done to write papers. The only things I know that George Miller has written
on this were personal notes to certain rubber chemists telling about the results of
his work. He never published them.

Question: (J. Bonner) Do you have information somewhere written down on yields,
tons per acre and pounds of rubber per acre from all the different individual cam
paigns that you carried out, or was all that information accumulated in the full
investigation?

Answer: (J. Byrne) We did not publish the information we had but at the time we
decided to mill out all the rubber--as much rubber as we could in a short period of
time. ~~e made an analysis of what we could actually obtain. We used the best in
formation we had and I have a copy of that; if you'd like it, I'll send it to you.
It appraises the amount of rubber in all of our field plantations as of that time
which was about a maximum of three years old.

Comment: (P. Allen) I'd like to add to Ken's remarks about the leaves. I think
that the removal of the leaves also removes a lot of resin.

Comment: (K. Taylor) That is correct, and bear in mind that if resin will become
a by-product then it might not be desirable to remove the leaves.

Question: (H. Lobenstein) Jim Byrne mentioned the Arguello field. He corrected
me; I thought it was eight years old but he said eleven. I guess that is correct.
Can we not conclude that that field had passed its ultimate, that it was going down?

Answer: (K. Taylor) That is correct, and it was not due to the fact that the rub
ber itself had deteriorated in the plant. But the plants had lived there long
enough and had been subjected to a certain amount of mechanical damage by cultiva
tion. There was a certain proportion of dead material in the shrubs and the dead
material contained a certain percentage of rubber. The quality of rubber in the
dead branches was not as good as that in living branches, so it had passed the peak.
It might not have done so under wild conditions where the mechanical damage had not
occurred.
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COMMENTS ON RUBBER EXTRACTION AND UTILIZATION

Sidney Kalver
Rubber Extraction Equipment Studies, Emergency Rubber Project

At this point I want to pick up some of the things that were done in the
Bureau of Agricultural and Industrial Chemistry Pilot Plant. The purpose of our
studies was to try to improve some of the deficiencies in the operation that were.
obvious at the time. You have heard the discussion of most of these but I would
like to emphasize some of the details.

A paper cutter was originally used in cutting the shrub and later th4ay used
a rotary cutter. Because of sand on the wood and the presence of bolts and even
hay forks in the bales, breakdowns on the knives often occurred and the ~aintenance

was great. This acted as a stoppage for the entire milling operation. Klan Taylor
suggested the use of hammer mills and that happened to be one of the greatest im
provements because hammer mills require practically no maintenance. A whl~le bale
of 145 pounds or so could be pulverized in a minute or two to the size wanted in
a single pass. In three or four hours the hammer mill had ground up enoul~h shrub
to keep the plant running for a day. That was one step.

The next step was the introduction of the rotary dryer to dry the pulverized
shrub. This helped in the coagulation and therefore in the yield of rubber by
reducing the moisture content. Uncoagulated latex has a tendency to disp,erse in
the water and go out with the effluent. In pebble milling there is a cylinder
with open trunions at each end. The cylinder is lined with flint blocks .and is
kept approximately one-half full of flint pebbles. These are hard materials and
they prevent the metallic contamination of the rubber since there is no clontact
with the steel shell. The pebbles, as the shell rotates at a speed of approx
imately 75 percent of its critical speed (critical speed is the speed in '~hich

everything would tend to stay centrifugally in contact with the shell and not cas
cade, such as you get in a spin dryer) reach a peak. If you go too slow you get
no cascading or if you go too fast you get no cascading. So 75 percent gives
about the peak of cascading and action with the greatest effect of weight and
rubbing action. You get a rubbing, shearing and an impact that breaks th,e cell
further, smears the rubber and tends to build up the particles into what .are
called worms which are really like a sponge. There are particles touching particles
with air spaces between them. If you obtain the proper size of these particles,
with a limited amount of tack, you get an easy flotation separation and a minimum
adherence of the impurities or insolubles to the rubber. That gives the ,cleanest
rubber with the best yield.

The pebble mill has its limitation; it is bulky. As a result Jordan mills
developed by the paper industries were considered. The idea was very similar to
guayule processing; that is to spread the fibers, separate them and hydrate them,
and release the lignin and other materials so as to get a strong paper. One of
the problems. with the waste material was that the fiber was considered too short
for many paper applications. I think that if we consider Jordan milling 'we might
not have to cut the fibers that short; therefore at the same time we are releasing
the rubber we will be preparing the fibers to be used as a paper. So that might be
a very good factor and by-product application. When we did the Jordan milling we
had a problem there. Jordan mills have been developed more or less in an empirical
manner in the paper industry. At that time, and I don't think even at this time, 'there s very much theory analyzed in the Jordan as to quantative results. It's
really just a trial-and-error arrangement. We weren't satisfied with that. We
started analyzing the results we had and we found that we could set up a parameter
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which we called potential cuts per ton. We analyzed the length of knife blades,
in the shell and the total length of knife blades in the roller. In every rev
olution we said, "These number of inches of knife will pass these number of inches
there, and there is the equivalent number of cuts that you would get with a
scissors for every revolution." If we took the number of revolutions we exposed
the shrub to, and the number of pounds of shrub per hour going through that mill,
we had a potential number of cuts per tonnage of rubber. That was a unit of
measurement that we could use to compare the results. So we started with that.
Then we found that reached a certain peak production after we had several methods
of getting our yield, both by the rubber that went into the effluent and into the
underflow of our flotation, and the recovered rubber from the actual flotation of
the rubber after it left the mills. We plotted these and we found that after a
certain point you didn't get any increased recovery. At some points you get a
decrease in rubber yield. We started anaylzing it and found we were getting two
actions there: a cutting action that releases the rubber, and a rubbing action
as the blade passes over the blade that smears it and causes these particles to
build up into worms just as in the pebble mills. These are two independent actions.
After you get to a certain point and keep on cutting, you might be reducing the
particles so that you didn't get good recovery; if you rubbed it too much you
might be wiping in the fibers that would weigh it down so that it wouldn't float.
We analyzed the other (the rubbing action) and figured it by the thickness of the
blade, times its length, times the area of the blade's surface which gave us
square inches which would be the rubbing action. So we analyzed what would be
the best return for the yield, based on the square inches per ton, and what was
the best on linear inches per ton. Then we reasoned that if we were to combine
those values in our mill that we built for the plant, that would give us the com
bination that should be optimal •

We then worked back; using the square inches and the linear inches--working
back to the bottom--we got the thickness of the blades. Now we were able to say
to the manufacturer, "We feel we need a mill that has a potential to give us (so
many) inches of blades and (this) thickness of blade," and that we were able to fit
it to specify the type of mill, the size of mill and the type of knife arrangement
that would do our job. That was how the order was placed. When the end of the
pilot plant work was approached, we didn't do too much more on that but we did
set up and that was the base, I believe, that was used in the mill. That was one
step.

No one has mentioned the flotation. There is a big problem in handling the
guayule rubber because of the worms that are soft and can't stand mechanical
handling. They'll squeeze together; they'll compact to entrap fibers that can't
be released. Secondly, water is entrapped that can't be dried out because one
of the properties of rubber is that it's waterproof. A shell of water is formed
if you put a raincoat or a balloon around it. You can't get that water out unless
you heat it enough to explode it so that the balloon is burst. That was another
problem. Therefore, the worms had to be handled carefully. One of the ways we
worked in the factory was using airlifts. That's a very simple approach. We
also used steam jets for mixing. In the pilot plant we made up our own mixes
which was a variation of a steam jet injector--a tee with a nozzle which let in
live steam and sucked in the fluid from the side branch of the tee. It was then
pushed out as a mixture of steam and water and rubber. We also used airlifts for
the raising in the flotation tanks as it came out and went down to one level.
When we wanted to pick it up to go to the next flotation tank, we formed a column
and by injecting bubbles of air at the bottom, at a very low rate, we created an
apparent specific gravity change that would raise that column by a certain
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percentage over the regular level and that was enough for the lift. In other
words, if we wanted to raise it two feet if we had a pond, a sump that would be
four feet deep, just a little aeration would change the apparent specific gravity
so that it would balance the four-foot column of water on one side and would
balance the five-foot column on the other; there was an overflow to the nl~xt tank.
That is what we did at Bakersfield.

The flotation that we had at Spence was a different arrangement. We had a
rotating pipe that fed the worm slurry over the top surface of the vertical cylin
drical flotation tanks. As it came out, it had a sweep in front of it alld it
kept sweeping everything that was floating on the water ahead of it until it came
to a radial trough where it put it over the end. It overflowed and came (mt the
side of that radial trough. In the meantime, we had spread a layer of worms be
hind it as it went around. On the next revolution it would sweep those floats
ahead of it and deposit another layer behind it. We felt that we had a much bet
ter control over the flotation with a rectangular tank because we could choose our
own parameters of width, depth and length to suit our needs. That is what we did
at Bakersfield.

The next big change was the cooking; we had a problem there. We're doing a
physical separation and it's all based mainly on specific gravity. When it was
milled you had a woody material, rubber and cork from the bottom layer. In the
first flotation, the woody material was heavy and would sink, but the corl~ and
rubber would both float. The first flotation, therefore, took off a mixture of
cork and the rubber particles. In the old plant they used a pila which i::l a cook
and pressure cooker. They sewed it up and ran in on an aO-minute cook, I believe,
and something like 60 to ao pounds of pressure. Two hundred pounds? That was
200? O.K. Anyway, it took an aD-minute cook and then we would release the pres
sure at the bottom. Suddenly we would be fully warm while the others cooked. We
had two pilas and we alternated them. We released the pressure suddenly .~nd got
explosions really like puffed rice and things like that. The corkshells 'ihich had
been saturated with the water under pressure suddenly exploded. They werl~ water
logged to start with and became an explosive besides; therefore, the cork would
now sink and the rubber could be skimmed off with very low cork remaining. Any
woody material that had a tendency to float before would now be waterlogged and
would also go down. Until you got to the pi1a, everything was cold; you had about
a four or five to one ratio in the mill. Then you skimmed it off, dewatered it,
ran it into the pi1a with fresh water and cooked it. It came out hot; you diluted
it from that flotation tank with as much as twenty to one, I believe, goin.g through
the scrubber which was another short pebble mill that would now be hot. lNe also
experimented with the use of detergents to help scrub it clean. Here you had a
dilute hot milling which knocked off any adhering particles and the flotation would
drop back. Then we would dewater it and take it into the dryer.

The dryer was the next big innovation. The old Spence mill used vacuum shelf
dryer. Vacuum shelf dryers are big and cumbersome, and of course, relatively dif
ficult to get during war time because they were big castings. You had to load
these trays. They had a mechanical loader but still it was quite a probll~m--you

had to get them uniformly and then put them in the dryer. They dried it under
vacuum for three hours, then opened the door, released the vacuum, and the plant
superintendent took out a handful from various points of the tray. If it didn't
have any green spots in it, smelled all right, wasn't over-cooked, wasn't too wet,
that was a finished batch. If not, it went back and the vacuum was put 011 for
perhaps another hour. That's a bottle-neck in a plant of this nature, particularly
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when you want to increase it. At this time the synthetic rubber program came
in and it was based on continuous apron through circulation dryers. These are
perforate flat aprons that are piano hinged and they traveled through a heated
dryer where there was a circulation of air down through the bed of material,
and recirculating heated air. which would evaporate the water. The synthetic rubber
was not tacky. It was very firm; it was also milled out, and they got it into
pellets. There maybe they would be able to torch it. Therefore they worked out
a system of multi-belts; the first one they started at higher temperature, got off
the surface water, heated it all up, then they piled it on another apron twice as
thick by slowing down the belt. There it resided for a longer period of time, in
a thicker layer, and was subject to the air to evaporate the moisture at a lower
rate to take more time to come out of the interior. Then the third belt was piled
maybe four times as thick because that was running half again as long and fast.
Therefore you had residence time twice as much on that belt; that way they got a
long residence time and the rubber was not affected after all this. The only thing
the heat did was perhaps soften it up a little bit and make it better for milling.
So they didn't mind it and that was the system used.

Guayule couldn't stand that although they tried to do it because we had
another problem. We had resins in that rubber. We had two sources of problems
there. If you had too much water on the rubber as it went into the dryer you had
solutions of resin on there and that would coat the dryer as it hit the apron, and
it formed a sticky layer on the apron. If you overheated the rubber you would have
some of that resin softening and exuding out, and that would tend to seal the pores;
it would overflow and seal the interstices between the worms so that you didn't
get air flow going through it. That part that was sealed wouldn't dry properly
and you would have green spots as it came through. The solution is transferring
it while it would break it up and open it up to expose it on the surface. At the
same time you're pinching off parts just where they're soft and where they are
tacky. You seal where the resin is and that would hardly ever dry on the next belt.
We thought we should go back to what the vegetable people had found in the past.
They had case hardening. They had certain vegetables that were sensitive to dry
ing. If they dried it too fast, they formed what they called a case hardening
shell which sealed off the pores and trapped the moisture inside. We approached
it from the other end; we started with a low temperature on the first belt. There
is no point in taking away all the water on the surface faster than it could come
out from the interior. You're going to have to wait for the water to come from the
interior anyway. In the long run it has to stay in the dryer long enough for the
last drop to come from the center of the worm for the surface to be evaporated.
So what's the hurry in getting it off the surface; you might as well keep it moist,
pliable and available. We started with a lower temperature but producing a lower
evaporation rate at the early point. Before we got very far we found that our
drying cures crossed one another and by this point it had caught up. Not only
that; it surpassed us and we ended up with a faster dry by increasing our tempera
ture gradually.

We had another advantage, the resin; since the rubber didn't reach the dry
bulb temperature, it was always at the wet bulb, or close to it. We had a cooler
rubber and we never caused the resin to melt and exude. We ended up with a nice
spongy porous mass that had a good tensile; we had to rip it apart at the end. It
was almost like a washing sponge--the rubber sponges that they used to make. This
ended up with a nice uniform color all the way through, and a good rubber at a
very rapid rate of drYing. We found that very successful.

Parboiling was introduced and tested along with defoliation, rebaling and
storage. We found that the storage was a little bit more uniform. You had to
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keep a certain amount of storage because some days you couldn't harvest :Ln the
field because of the rainy weather; therefore, we found that we averaged C)ut about
30 days' storage. In the end they might have found that not too good, but that's
what we started with. We didn't go to ensilage storage; we stood it in the bales, 4t
then we changed. We didn't use the rotary cutter for the primary cutter; we
ended up with the hammer mill. We did go to the screening and then to the sub-
sequent crushing, and this was the forerunner of the Jordan mill.

There are other hydro-pulpers and other pulping mills of different types and
some of those might even be more desirable because of the improvement in tech- ..
nology in the last 30 years. We should really eliminate the pebble milliS.

The flotation packs stayed with us. With regard to flotation, we d:id try
using the bird centrifuge for flotation in the pilot plant. We had it before
it was used on the bagasse and at that time there was no suitable means lof dis-
charging floats from the bird centrifuge. There are some modifications that might .,
be possible now, but I don't think that centrifugal force is really desirable.

We tried a twin apron dryer but the thing we predicted in our pilot plant
studies showed up in the twin aprons that we used in Bakersfield; the Sargent
single apron that we had in Spence was always much more effective and mo:re uni-
form in its output, handling various types of materials. Instead of using the It
press rolls on the Oliver rotary vacuum filter, we found that there agail~ the
pressure and the harsh treatment did not improve the drying. Over dewatering
was not necessarily a benefit. You wanted to just get the surface water off and
we found that a gentle vibrating screen was better for that purpose. Wh.en we had
difficulty in grabbing at the handle (such as the Jordan mill's fine wo~ns) we
found that by putting a second deck on top of the screen, a cross mesh about a tt
half inch or 3/8 mesh up there, it would tend to spread it so that it didn't lump
up, and uniformly load the vibrating screen so that it came out as a dry fine set
of worms that could then go on to the dryer. I think that if you end up with
worms by any of the new methods, you will not necessarily have a problem with the
apron dryer. You can load the dryer to give you the same pressure drop through
the bed so that you can get a reasonable air flow. We found that about :300 linear ..
feet per minute going through the bed was an effective velocity. If you adjust
the loading to maintain that kind of float through the bed, you can then, in order
to get that light loading, be speeding up the belt. I think you will end up get-
ting nearly the same output out of the dryer because you'd have bed dryillg at a
rapid rate and the belt will be moving that much faster. With the method of
handling on the vibrating screen, I think that you will not necessarily have any ~

problem there.

This is a sketch of our rectangular flotation tank.* This was the preliminary
for the ones that were finally put into Bakersfield. The revolving skUmners are
at the end; the drag pulling the sinks up the incline to discharge are at your
right. This is the plan used showing two skimmers and two channels therc!.* This ..
is more detail on the flotation tanks, showing some of the features we tried to
put into it to handle the difficult materials.

We explored the use of a pressure cooker in the pilot plant. We uS4!d a 2,000
pound pressure and found that we could now run on a two-minute cycle. This is the
preliminary sketch of the pressure cooker.* Since we were running on a two-minute ~

cycle, the capacity was much less than the pila and we used only a sing14! one in-
stead of two. Therefore we had a small diameter. The feed mechanism waB a

*Slides
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rotating snail similar to what we used on the pebble mills. It scoops it up,
takes it through the hollow trunion and discharges a fixed amount which was con
trolled by the level in that tank into the pressure cooker. Then we had a rinse
tank which is a float-controlled tank sjmilar to a water closet tank. That dis
charged enough to sluice off any worms that might have gotten stuck to the plug
poppet at the top and keep the seat clean. It was designed so that the pressure
on the inside acted on a larger area than on the seating surface of the valve,
so that you would have it tight when the pressure was developed because you would
be building up to 2,000 pounds on a short cycle and you had to keep it clean •

Questions and Comments

Question: These two talks have raised a lot of questions in my mind. If I have
time I would like to ask three. The first question: The first speaker mentioned
that there was six percent insolubles in the finished product. What was that
material?

S. Kalver: It was primarily very tiny fragments of wood fiber plus a very little
bit of rock flour, which is derived from the pebble milling operation. There was
no rubber jel that we knew of in that. I might add here that in certain other
operations we were able to reduce the insolubles or so-called dirt content
materially.

Question: My second question: I was impressed by the complication of all of this,
with the wet milling, the rotation, the high pressure cooking, etc. I know one
of the speakers, talking historically, said that solvent extraction was completely
impractical in about 1910, but the modern synthetic rubber industry makes polymer
by pollution polymerization and they can economically handle the dilute solvent
rubber, recovering and recycling solids and processing the rubber from them, etc.
I wonder--for a modern process wouldn't you use solvent extraction to give you a
much more simple process to eliminate this six percent insoluble?

K. Taylor: As chairman, I'm going to try to straighten this matter out the best
I can. You must remember now that we are reporting what we did during World War
II. It does not say what we would do today, and it is very possible with the
modern techniques and modern facilities that are available, that a solvent extrac
tion might be possible. In our own personal experience, and in our factory opera
tions, we don't know .

Question: My last question may not be too reasonable either, but it seems as if
you are going through the process of starting with the rubber in small particles
and building them up, sticking them together, etc. The rubber industry at present
is interested in going towards powdered process, using powdered rubber, powdered
mixing techniques, powdered handling techniques, etc. I wonder if you could en
vision a recovery process where you use a parting agent and kept particles from
the operation, obtaining a powder or a fine crumb particle?

Answer: I think this is possible and entirely within the realm of possibility, but
again it lies outside of our kind of experience and our research, and we do not
have a complete answer to your question.

Comment: (J. Bonner) In my other incarnation I'm a representative of the Revea
Rubber Industry. We know from rubber processing in Revea, that the crumbs can be
allowed to go to any desired size when we use castor oil. Castor oil covers the
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particle and crumbs grow spots. If that were applied in the case of guayule
processing, the same results can be achieved.

Question: (Emerson) Those Jordan mills that you talked about that were specially
designed: How much were those used and what kind of differences, if any, in
quality of the rubber were there between that and the pebble milling processing?

S. Kalver: Perhaps Jim Byrne can answer that better than I can. I'll gi.ve you a
very brief summation and allow him to elaborate on it if he will. The JOlrdan mills
that we used at the Spence mill were acquired very late in the program an.d it was
after we shut down the seven mills. We made a very short run of less tha.n three
days, as I remember with the big mills, when we finally got Congressional orders
to shut down everything. So our experience is extremely limited. The data that
are available from it may not mean too much, but I can tell you this: The Jordans
that we acquired at Spence mill were so huge that we did not know how, at that
time, to throttle them, but there is a method whereby they can be throttled. The
end result at Spence mill was the fact that we flooded the entire end of the fac
tory beyond the mill, as we did not have flotation tanks big enough to c01pe with
the situation. We had rubber allover the floor. We did not have dryers! enough
to cope with it, and it was in general a ring-tailed mess at that time. Aside
from production, we were unable to get rubber of appreciable quality and lower in
soluble content from Jordans when compared to that from the pebble mill. And it
has always been my thought that Jordans probably would be the milling mac:hines
of the future.

Comment: (J. Byrne) I mentioned earlier that I had eight years of experience in
forest products research and I'm pretty well acquainted with the pulp milling
process. I'm convinced that something similar to the Jordan but not the Jordan
will be the mill. You get different degrees of turbulence and things of that kind.
We tried the paper end but we did not know enough about it.

Comment: (K. Taylor) Just a very brief word about latex. We did some j.nvestiga
tions during World War II and subsequent to World War II in the recovery of guayule
rubber in the form of latex. It provided a very good quality of material. It
demanded excessively costly equipment to recover it as latex, and further, only a
portion of the rubber which was in the shrub could be recovered as latex. I think
that in the future we probably would not be inclined to look on latex as a feasible
means of extracting rubber from guayule because of the cost and because of the fact
that you can't get it all out. About 40 to 50 percent of the rubber, perhaps, can
be recovered as latex. In the research program that followed the expiration of
World War II, I might just for historical sake note two things. First of all, as
far as the Jordan in guayule milling, I think that was originally suggested by a
Professor Waterman at the University of Southern California, and the suggestion
was made to Dr. Robert Emerson who was working with a group of Japanese people at
the War Relocation Center at Manzanar. He had developed a method of getting out
small amounts of guayule using a Waring blender or something of that sort, and he
was looking for means of expanding this and getting a bigger scale of production.
I believe it was Dr. Waterman who had suggested the use of the Jordan. In our
program following World War II, starting about 1947 and running until 1953, we
were plagued with a great many demands which were not strictly research d.emands.
Those of you who have been here before know that we produced quite a large amount
of very carefully deresinated high-quality guayule crude for submission to various
and sundry rubber companies and other testing agencies for comparative ev'aluation
with synthetic rubber and Hevea. During that period of time we actually did our
research by fits and starts. Ralph Chubb, who was greatly interested in this
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business of deresination, and I have felt for a long time that in order to get
guayu1e rubber that was comparable in quality at least to ~evea, deresination
would have to be the route that would be followed. Ralph Chubb carried out a great
deal of research on this. Unfortunately, shortly after the conclusion of the
project in 1953, Ralph contracted cancer and died •
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DERESINATION OF GUAYULE RUBBER

Eleanor C. Taylor
Guayule Research Associate ~

The uses of guayule rubber have been limited principally by its resin content
which ranges in conventionally milled rubber from 20 to 25%. The resins Blffect
adversely the stress-strain characteristics and they change the compoundirlg be
havior. In addition, they apparently contain a factor that acts to facil:l~tate

oxygen absorption and speeds the aging of guayule crude. Since guayule does not ~

contain a natural antioxidant as does Hevea, the crude rubber tends to brE~ak down
and become tacky during storage unless protected by addition of an antioxtdant.
Removal of the resins delays this breakdown and improves the physical characteristics
of the rubber vulcanizate.

Arguments for deresination are compelling. The quality of the rubber for most ~

purposes is vastly improved and the resin recovered, in itself, may have Cl profit-
able market. The major argument against deresination is the ~ost for equjLpment and
operation of the deresination steps in the process. A market for the resjLns re-
covered and a premium price for the higher quality rubber may, however, offset these
costs. The decision to incorporate the deresination step in the process ~~ust depend
on economic factors--the price received for the rubber, the cost of deresjLnation, •
the use for which the rubber will be prepared and the market for the resins.

The notion of deresinating guayule rubber is not new. As early as 1903 Law
rence patented two different methods for deresinating the crude rubber, and Chute
and Randel received a patent in 1910 on a process that involved deresinat:Lon of the
shrub before milling. Over the years numerous attempts were made in connl~ction •
with commercial production of guayule rubber to produce a deresinated product but
they were all abandoned because they were not economical under conditions then
existing.

With the renewed interest in guayule during World War II, efforts to secure an
adequate method of deresination were revived. The Intercontinental Rubber Company •
of Mexico filed an application for a patent on what was called the Boucher-Haden
process. This process included washing the wet rubber particles from the mills--
called "worms"--in 98% ethanol containing 2% sodium hydroxide at a temperature just
below boiling. After extraction, the rubber was washed with hot water, with or with-
out acid, to remove the alkali. A large part of the resin was removed and the in-
soluble content was reduced. Vulcanizates from the treated rubber were superior to •
those from the usual resinous rubber but shelf-aging of the crude was below expecta-
tions. A commercial installation for this process was made at the plant of the
Intercontinental Rubber Company at Torreon, Coahuila, Mexico, where some deresinated
rubber was prepared and marketed, but the method was not incorporated as a permanent
part of the mill process. Presumably this was due in part to the poor sh.~lf-aging

of the crude, which has been attributed to residual caustic in the rubber. ..

During this same period, the Mare Island Navy Yard was experimenting with de
resination of dried guayule rubber. Essentially the process consisted of acetone
extraction of dried rubber which had been rolled out into a thin sheet. The solvent
extraction was not too effective because the surface of the sheeted rubber exposed
to the solvent was less than the surfaces accessible by other techniques. The pro- ..
cess was similar to that used by the Diamond Rubber Company in 1910.

Hauser and leBeau deresinated connnercial guayule rubber containing 26% resin
by means of various solvents. They found that furfural was superior to acetone,
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methanol or ethanol in that it was faster in its action and extracted a larger
amount of resin. The process, however. has to be conducted at an elevated temper
ature.

Goodyear Tire and Rubber Company is reported to have investigated the treatment
of dry, crude guayu1e rubber with aqueous caustic under pressure, alone or in com
bination with acetone. Little is known about the process but tires made from the
rubber gave fair mileage.

Other techniques have been tried, many involving the use of caustic in one way
or another. When caustic has been used, the rubber has usually broken down in
storage more rapidly than products treated with other solvents.

The Emergency Rubber Project (ERP), in existence just 3-1/2 years--from 1942
to 1946--was under the pressure of wartime to concentrate on the most urgent prob
lems related to rapid expansion of rubber production. That left little time to
explore refinements leading to better rubber quality when quantity was the first
objective.

During the last few weeks of active ERP operation a series of studies was con
ducted to find a chemical method to coagulate latex in the shrub prior to milling.
The fresh shrub was parboiled, defoliated. cut and crushed. and then leached with
water-miscible solvents. The latex was coagulated immediately and completely and
the major portion of the resinous material removed. On milling, an excellent crude
rubber was produced. Because of limited time, only two solvents were used--a1coho1
and acetone. Acetone was far more effective in reducing resins. Since recovery of
solvent was high, the process was thought to have commercial use. The end of the
wartime project precluded further study .

A method of deresination that received considerable attention by the ERP proj
ect was a procedure called "retting," so called because the action is somewhat like
that which occurs in the retting of flax. Spence had taken out a patent in 1933 on
this process which involves the reduction of resin in the shrub by inducing micro
bial action. A chance success in shrub retting revived interest in this procedure.
In a study of storage of cut shrub as ensilage, some shrub with a moisture content
too low for ensilage was placed in modified pit silos where retting occurred and a
rubber of superior quality was produced.

In studies that followed it was learned that holding large masses of cut shrub
quiescent in bins or tanks was not satisfactory regardless of the means of aeration,
although small-scale batches worked well. Shrub placed in shallow piles on a floor
and turned over from time to time by hand was successful but would have been too
costly on a commercial scale. Shrub loaded in slowly revolving drums allowed for
better and continuous agitation and, in addition, provided an opportunity for tem
perature control. Adequate control was obtained in small-scale drum rets but con
trol over large-scale drums was never undertaken because estimated costs seemed
excessive.

Eventually it was found that fairly successful large-scale rets could be carried
out if the shrub were dug, baled and brought in from the field without delay. The
bales were then parboiled, defoliated, rebaled and then placed in storage to ret,
without temperature or humidity control, for 30 days. This technique worked well in
the Salinas Valley with its moderate temperature and high humidity but it is doubt
ful that it would work as well in other climates. In addition, this type of "bale
retting" involves the action of a mixed population of aerobic bacteria and fungi,
and quite conceivably undesirable as well as desirable microflora might be present.

61



The biochemistry of retting was studied to a limited extent. Pure-culture
rets were carried out with bacteria and fungi isolated from natural rets to deter
mine the relative effectiveness of the various organisms. Fungi were acti"e over
a wider range of temperature and moisture conditions than were bacteria and were
equally effective in reducing resin. Pure-culture rets were compared with natural
rets of mixed microflora with virtually the same results on the shrub and (~rude

rubber. Again, the economic factors arise: Pure-culture rets would requilre costly
installation for sterilizing the raw material, maintaining pure-culture inoculum
and maintaining proper environmental conditions during the ret.

The solvent deresination of guayule shrub or rubber has little effect on the
physical qualities of the rubber until virtually all of the resin is removl~d. Ret
ting, however, results in a physical improvement in the crude with a removial of
50% or less of the resin. This may be due to the exact fraction of the acetone
soluble material removed by the microorganisms or it may be due to a changl~ in some
other component associated with the rubber. Further investigations into t:his phe
nomenon may be rewarding.

This is about where matters stood when the wartime project was liquidated.
When the research program on methods of extraction and processing resumed in 1947,
the Bureau of Agricultural and Industrial Chemistry undertook quite detailed studies
of deresination of both the shrub and the crude rubber.

Resins in guayule occur in resin ducts distributed throughout the plant and
amount to about 5% to 15% of the dry weight of the plant material. The resin con
tent varies with variety and age of shrub, season of the harvest, pretreatment of
shrub and other factors. During the pebble-milling process, part of the resin
becomes incorporated with the crude rubber as a major impurity. In most cases the
crude rubber contains about one-half of the resin originally present in the shrub.

Rubber obtained by processing underesinated shrub contains approximately 20%
to 25% resin. In general, the higher the resin content, the poorer the physical
properties of both the crude and vulcanized rubbers. Great improvement in. quality
and uniformity can be obtained by eliminating most of the resin ordinarily present
in guayule rubber.

Resin in shrub or rubber is usually determined by exhaustive acetone or alco
hol extraction. Somewhat different values for resin content are obtained, depending
upon the choice of solvent. The shrub contains more ethanol-soluble than acetone
soluble material, but the corresponding rubbers have either about the sa~! or
slightly lower values for ethanol solubles. These observations are not surprising
since the resin is known to comprise a mixture of many different chemical compounds.

Preliminary tests with both solvents showed a more rapid extraction with ace
tone at room temperature, so it was chosen for subsequent work. Solvents such as
furfural requiring elevated temperatures were not investigated.

The first studies of shrub deresination were carried out with shrub ~ltatic in
cells and the miscella flowing countercurrent to the cells. The apparatus used
consisted of a series of 25 two-quart jars, each provided with a tube leading to
the bottom of the jar and an outlet and air vent at the top. They were ~Iet up in
sequence with each outlet connected to the inlet of the succeeding jar.

For these experiments, freshly harvested shrub was parboiled 20 minutes and
defoliated. It was coarsely cut first through an ensilage cutter, next by rotary

62

•

•

•

•

•

•

•

•

•

•



w,

...

.,..

..
•

....

....

..
'F

.....

.,
-'

knife cutter with an O.S-inch screen, then crushed by passing twice through crush
ing rolls with a 0.002-inch clearance between rolls, and finally hammer-~lled

through a O.S-inch screen. To avoid deterioration of the rubber, this preparation
was completed on the day the shrub was harvested, and solvent extraction was begun
the following day.

Each jar was loaded with 250 grams of shrub and acetone was introduced into
the first jar with air vents open on all jars. As each succeeding jar filled, its
air vent was closed. When all jars were filled the first jar was drained through
the system forcing miscella from the last jar in the series. A gram and a half of
acetone per gram of shrub was passed through the second jar and it also was drained.
This procedure was continued with each succeeding jar in the series until the last
jar was drained. The miscella flowing from the last jar was cut into successive
two-quart fractions, and each fraction was then used in order of emission in suc
ceeding runs •

The acetone remaining on the shrub was recovered by back-washing with water in
a similar manner starting with the last jar in the series. Four grams of water
per gram of shrub was added at each jar for the draining procedure. This leaching
miscella was also cut into fractions for use on the next run.

When the miscella had been used on six successive runs, it was considered that
equilibrium conditions had been established, and each two-quart jar of miscella
was sampled for analysis of acetone, resin and water solubles content.

The different stages of extraction are divided into 100 theoretical stages for
convenience and ease of presentation. Stages 1 to 66 cover the dehydration of the
shrub and extraction of the resins by acetone; 67 to 100 cover the leaching of the
shrub with water to recover the acetone.

The rapid increase in acetone concentration in the miscella shows that the ace
tone dehydrates the shrub rapidly and completely, coagulating the latex. Thus air
drying is avoided, which has a deleterious effect on the rubber •

In the back-washing phase, the miscella again changes very quickly from nearly
pure acetone to a low acetone concentration, and there is no acetone going out of
the system with the miscella on the deresinated shrub.

Of extreme interest is the appearance of two high points in resin concentration
in the miscella, one at 60 to 65% acetone and the other at 85 to 90% acetone, de
noting a partial fractionation of the extracted resins with respect to solubility in
the advancing miscella.

At an early stage in the system, when the shrub was losing its natural water
content, a high concentration of saponin-like materials was observed. In later
studies the shrub was leached with hot water prior to acetone extraction to prevent
formation of precipitates that appeared in the system at the point where the mis
cella was changing from a high acetone content to a high water content.

The ratio of miscella to shrub on a dry weight basis was 12 to 1, and good ex
traction was obtained in about two hours. Limitations of the equipment prevented
investigation of shorter extraction times and different miscella to shrub ratios.

Analyses of the treated shrub and the rubber milled from it showed that resin
content of the shrub had been reduced from 7% to 2% of the dry shrub weight. The
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rubber from the deresinated shrub contained 2% resin, whereas the rubber from the
underesinated shrub contained 22%.

In order to prepare sufficient quantities of rubber for physical testing and
to make further observations on the process, tests on a semi-pilot plant scale were
conducted. A battery of eight tubes, 10 feet long by five inches in diame.ter, were
mounted vertically in series. Each tube contained five kilograms dry weight of
shrub. The procedure was essentially the same as followed in the small-ba.tch tests.

After equilibrium conditions were approached, 2-1/2 gallons of m1scella were
removed from the cut where the resin concentration was 4 to 5%. This removal was
done to maintain the resin balance in the system. The acetone concentrati,on in
this miscella was 60 to 75%, equivalent to 1-1/4 pounds of acetone per pound of
shrub, giving some indication of the amount of acetone that would have to be re
moved from the resin. However, the concentrations of resin in the miscella and the
amounts of acetone to be removed and added are not necessarily the optimum that could
be achieved in a continuous closed system.

The acetone can be completely recovered. In distillation tests on wBLter, ace
tone and resin mixtures, there was no plugging by resin, and the separatic'n of
water and acetone was normal, indicating no interference by any of the disisolved
materials.

The average recovery of rubber hydrocarbon from 29 millings was 90.4~:, which
is comparable to recoveries obtained from resinous shrub. The extraction process
removed 65 to 70% of the resins in the shrub and resulted in a reduction of more
than 90% of the resin normally present in the crude.

In Table 1 physical tests of the deresinated rubber are compared with resinous
rubber and with Hevea No.1 Smoked Sheet. The stress-strain values show that the
deresinated rubber is distinctly superior to the resinous rubber and it approaches
Hevea·in quality.

•

•

•

•

•

Table 1. Physical Tests

STRESS ULT.
MOONEY TENSILE AT 500% ELONG. SHORE

VISCOSITY p.s.!. ELONG. % HARDNESS

RESINOUS GUAYULE 50 2600 350 820 26 "DERESINATED GUAYULE 95 4060 830 770 40

HEVEA NO. 1 SS 96 4620 865 790 41

Rubber produced by the pebble-milling process is in the form of 100sE~ly aggre
gated, porous, spongy particles about 2 to 3 Mm. long by 1/2 to 1 Mm. in diameter.
The form of these "worms" makes them readily adaptable for the removal of resins so
long as they retain their spongy character.

Preliminary experiments on worm deresination using excess volumes of chemically
pure acetone showed that with solvent at 200 C the resin content dropped j'6% in two
minutes exposure and after three minutes 81% of the resin had been removed. With
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solvent at 560 C, the two~inute exposure resulted in 89% reduction and three
minutes gave 95% reduction.

The next stage of research was designed to determine the number of stages re
quired and equilibrium conditions in a countercurrent procedure. At a solvent-to
rubber ratio of 2-1/2 to 1 in each stage, deresination was obtained in 20 stages
while maintaining equilibrium at a peak resin concentration of 10% in the mi8cella
at the seventh stage •

., In 1951, 4,000 pounds of deresinated guayule rubber were requested for truck
tire road testing. To produce it, apparatus modeled on the laboratory set-up was
used. It consisted of a 35-gallon stock pot with a drain at the bottom, a stainless
steel 80-mesh screen basket fitting inside to hold the rubber, and an air-driven
mixer to stir the rubber during treatment.

. • The number of stages was reduced to 16 and peak resin content was kept at 6%.
The miscella from each stage was saved and reused on subsequent batches of rubber
except for that from stages 1, 2 and 6. Miscella from stage 1 was withdrawn to
remove the major portion of the water from the system. This brought the peak resin
concentration into stage 6. Attempts to dewater the rubber by pressing it before
treatment were unsuccessful because the rubber clumped, which resulted in lumps of

, w deresinated rubber •. ,

An antioxidant was added in the last stage, and the rubber worms were dried
for two hours in a circulating air oven at 400 C. The average residual resin con
tent in the rubber was 1.9%.

••! ,
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In 1952 an apparatus was built in which all factors affecting deresination
could be controlled. It consisted of a container 18 inches x 20 inches x 4 inches
deep with a screened bottom and a spray overhead. This container fitted into a
vapor-tight housing arranged so that it drained completely into the suction side of
a pump which circulated the miscella through the spray head. A heat exchanger in
the circulating line controlled the temperature of the miscella •

This apparatus could be considered as one stage or section of a moving belt
extractor. In operation, however, the bed was static and the miscella circulated
by the pump was moved countercurrently by introducing the various cuts of miscella
in the proper order.

A standard procedure was developed: 1) The rubber worms were skimmed directly
onto the screen from the scrub mill flotation tank. If they had to be stored, they
could be held under water for up to three or four days and then broken up with live
steam. The worms were spread uniformly and without packing about two inches deep
on the screen. 2) Twenty-five cuts of miscella were used. Miscella was removed
from both cut No. 1 and a later cut where the acetone concentration was about 90%.
The amount of miscella removed was calculated to be just sufficient to remove the
water and resin coming into the system with the rubber. 3) Fresh acetone was added
to maintain the 25 cuts at a miscella-to-rubber ratio of about eight to one.
4) Each cut of miscella was circulated through the rubber for two minutes and
allowed to drain two minutes. 5) The rubber was dried in a circulating air drier at
room temperature •

No trouble was experienced with the loss of fine rubber through the screened
bottom of the container. As the miscella circulated, any fines which did pass
through were filtered from the miscella by the bed of rubber itself.
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The rate of percolation of the misce11a varied widely from run to run, possibly
because of the size of the worms, the density of the bed or other causes. In each
case, however, it was slowest at the point of highest resin concentration.

In some runs acetone containing 2-1/2 to 3-1/2% water was used, and deresina
tion was successfully accomplished. This is of great practical importancE~--the

fact that pure acetone need not be used.

Studies were made at various times during an entire year; two differE!nt strains
of guayu1e shrub were used (593 and 4265) and two different age groups (fclur years
and eight years). The crude rubbers handled ranged in resin values from ~~O% to 35%.
Deresination proceeded normally in all cases.

When it became necessary to produce some 6,000 pounds of deresinated rubber
for further tests by private companies and in airplane tires, an even larger de
resinator was built, modeled on the apparatus just described.

Fluctuations of ± 20% in the quantity of rubber handled in a deresimLtion run
(nominally 25-pound batches), variations in the worm size, tendency of thE! rubber
to pack at different times, holding time of the wet rubber worms up to 70 hours
before deresinating--a11 these factors exerted only slight effects on the system
and in the production of a high-quality uniform deresinated rubber. The ~Lverage

residual resin content of 244 batches was 2.1 ± 0.3%.

While deresination studies were under way, a thorough search of the 1Herature
and patents revealed that no solvent extractor in general use was suitablE! for de
resination of guayu1e, either as shrub or as rubber. A continuous belt type of
extractor for oleaginous substances might be adapted, however. Designs WE!re drawn
for a continuous belt extractor where proper countercurrent extraction conditions
could be maintained on a moving perforated belt subjected to flooding perc~olation

from a system of pumps, pumping from a series of tanks beneath the belt tC) sprays
above it. For a variety of reasons, primarily the demise of the project, this
device was never built. A detailed description of it appears in the Final Report
of the Natural Rubber Extraction and Processing Investigations.

Whether to deresinate the shrub or the rubber depends on several fac1:ors. The
advantages of shrub deresination are: 1) the recovery of more resin, amowlting to
perhaps 1/2 pound per pound of rubber; 2) the possible recovery of resin fractions
not found in the rubber worms; and 3) the recovery of water solub1es that ~unount to
as much as 15% of the shrub weight. The principal argument for worm deresination
is that a much smaller volume of material need be handled through the derE!sination
step, allowing for smaller-scale equipment. The relative amounts of SOlVE!nt needed
should not be a critical factor because essentially all of it can be reco,rered and
recycled.

The market for the resins may well play a vital role in determining the eco
nomic value of deresination. The quantity and composition of the resin complex
vary, depending on whether it is recovered from the shrub or from the rubber worms.

Shrub resin is essentially a total extractive. The most interesting fraction
is a shellac-like gum resin which can be easily polymerized to a heat-reststant,
clear coating of good solvent resistance. It is this fraction, constitutjLng about
35 to 50% of the shrub resin, but a much smaller proportion of worm resin I' which
undoubtedly has been the portion of guayu1e resin of prime interest to val~nish and
paint manufacturers.
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The worm resin is not a total extractive but comprises chiefly the nonpolar
constituents. The more polar gum resins remain with the bagasse by virtue of a
greater affinity for wood rather than for rubber. More than 37% of the worm resin
consists of unsaturated long-chain fatty acids, notably linoleic acid, along with
traces of linolenic and oleic acids. Linoleic acid has long enjoyed an established
position in the paint and varnish industry.

The terpenes of guayu1e constitute a potentially valuable "naval stores" type
of by-product. Volatile terpenes, which comprise about 3 to 5% of the worm resin,
include alpha-pinene, dipentene, cadinene, parthenio1 and others. Sesqui-, di-,
and higher terpenes are also readily obtainable in significant quantities from the
nonvolatile unsaponifiab1e fraction.

Cinnamic acid, present in resin as the ester of parthenio1, from which it may
be obtained by saponification, is also a by-product of established value in the
cosmetics and pharmaceutical cosmetics and pharmaceuticals industries.

Another constituent of guayu1e found in the deresination misce11a is betaine.
Commonly obtained as a by-product of the sugar beet industry, betaine has a limited
market as a pharmaceutical and as an intermediate in the production of surface
active agents, disinfectants and other chemicals.

The cuticle wax from guayu1e, which constitutes about 0.25% of the fresh weight
of the foliage, is one of the most promising by-products of the guayu1e processing
operation. Its relative hardness, molecular weight and melting point justify its
consideration as a substitute or extender for carnauba wax. Further research on
guayu1e resins could well prove most rewarding.

The ultimate test for a deresination process is, of course, the amount of im
provement in guayu1e rubber that can be obtained by the treatment. The enlistment
of industrial cooperation in guayu1e rubber quality evaluation was considered the
best means to assess the improvement obtained through deresination. Sample lots of
deresinated guayu1e rubber, totaling nearly 9,000 pounds, were distributed to var
ious industrial organizations. The cooperating members included the major rubber
manufacturers as well as smaller companies and comprised an excellent representation
of the entire American rubber industry.

To summarize their results briefly: The guayu1e rubber had essentially the
same molecular weight as Hevea and the infrared spectra were the same. The stress
strain properties of guayule rubber were nearly equal to those of Hevea if adjust
ments were made in the compound recipe. Deresination removes organic acids present
in guayule rubber, so it is necessary to compensate for these acids which would nor
mally activate the accelerators in the recipe. Slight changes in the recipe res~lted

in large changes in physical properties of the vu1canizates.

In numerous other physical tests and in analysis of dynamic properties, no
marked consistent differences from Hevea were observed. Several tests, however, did
indicate that guayu1e rubber may have a greater heat build-up.

Some observers found that the guayu1e rubber had a faster breakdown rate upon
mastication which may be an advantage in certain applications. When guayu1e rubber
was compounded in a tire tread recipe it extruded better than did Reves Smoked Sheet.
This is an important advantage in processibi1ity.
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One company used guayule rubber in the fabrication of electrician's lor line
man's gloves which must be very durable and have high insulating qualitie:s. Com
pared to the standard Hevea gloves, the guayule gloves showed extremely llow leakage
values.

Of special importance was the evaluation of deresinated guayule rubb,er in tires.
For tests of heavy duty truck tires, Firestone Tire and Rubber Co. of Akr,on, Ohio,
fabricated tires in size 9:00 x 20, 10-ply rating. They made three tires each from
four different carcass compositions: 100% guayule rubber, a blend of 45 parts of
guayule with 55 parts GR-S synthetic, a similar blend of Hevea with synthetic, and
a 100% standard Hevea carcass. Treads in all cases were "cold" GR-S. Road tests
were conducted by the Government Tire Test Fleet at San Antonio. Tire loads, with
gravel ballast on the trucks, were 145% of the recommended maximum to increase the
severity of the test.

The test, conducted during the summer and fall of 1951, showed that the 100%
guayule and the 100% Heyea carcass constructions were equal in durability; one tire
of each was still running at 50,900 miles when the test was discontinued. Based
on average miles to failure of the other two tires of each type, the guayule tires
stacked up a few more miles than did the Hevea. The blends with synthetic were
definitely inferior to the 100% natural rubber constructions, but about equal to
one another.

The tires were fitted with thermocouple wires to permit measurement ,of temper
ature, indicative of relative heat build-up. The tires containing synthetic blends
had the highest running temperatures, while the 100% guayule and 100% Hev,ea were
essentially the same. Tire treads on the 100% natural rubber carcasses w,ere about
equal in resistance to cracking.

Passenger car tires manufactured by Goodyear Tire and Rubber Co. wer,e tested
in 1952 following the same experimental plan. Any attempt to evaluate carcass
durability would probably not be valid because most of the tires were worn to the
fabric before the test was completed. An earlier test with just two pass1enger car
tires rated the guayule tires at 82% of the Hevea for wear, and there was no dif
ference in cut growth or tread cracking.

In sU1lllDary we can say that properly handled deresinated guayule rubber is
equivalent to Hevea for most uses, including truck and passenger car tires. The
basic rubber molecule is there. Removal of the associated resins reveals the value
of the rubber and the resins recovered may be a bonus.

The economic and political situation has changed so much since this research
was done 25 years ago and so many technological advances have been made, many of
which certainly can be applied to guayule processing. We need now to re-,evaluate
guayule as a profitable agricultural crop and a useful raw material for i:ndustry.

Discussion

Comment: (K. Taylor) Before I call for questions, I'd like to make two 'very brief
comments. You will note that she referred to large amounts of rubber that were
prepared for testing purposes by tire companies and other people. Those 1~ere done
in relatively small batches, and since we had only a small crew of people we were
often precluded from doing research we wanted very earnestly to get to. .Joel
Schechter, I think perhaps you might be interested in a possibility that (lccurred
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to us many years ago. I think it was in 1950 when I hazarded the guess--and it
still remains a guess and maybe a hazard--that the resins might become the product
and rubber the by-product.

Question: (Irvin Feustel) I want to ask Ken: This bale of rubber over here, the
50-pound bale, was it one of the bales that was saved out from those large batches
that were sent to the rubber company for tire manufacture?

Answer: (K. Taylor) Yes, it was from the last large batch we made.

Question: (Irvin Feustel) I'd like to ask Eleanor: The shrub deresinated rubber
seemed to have a little higher tensile strength than some of the worm deresinated
rubber. Is that just a matter of chance there? Do you think there is a difference
perhaps in the quality of rubber?

Answer: (Eleanor Taylor) I have no way of telling because I don't recall that any
direct comparisons were made between shrub deresinated and worm deresinated rubber.
I don't think they were from the same batch of shrub. And of course there's so
much difference in what recipe was used in compounding; you're going to get figures
allover the map unless they are really controlled tests. So I wouldn't want to
compare shrub deresinated with worm deresinated on the basis of quality at all •

Comment: (Irvin Feustel) No, I do~'t recall any results either, except the re
sults in general that we had for worm resinated rubber seemed to be lower tensile
strength than is in that table.

Comment: (Eleanor Taylor) You were using bigger batches of rubber and it may have
stood around longer, too, more than the shrub deresinated did--it was processed
rapidly after it was harvested from the field. There's also the possibility there
was some deterioration during milling with the resin present in the system.

Comment: (Irvin Feustel) Perhaps this milling of fresh shrub and the deresination
of the shrub might give less opportunity for deterioration than milling of field
cured or stored resinous shrub which allows the resin to stay with the rubber a
little while, resulting in deterioration •

Comment: (Eleanor Taylor) The work was done by Jim Meeks on molecular weight of
rubber. He found there was a decrease in molecular weight. As shown by Mooney,
viscosity, no matter what you did to the shrub or the rubber, went no place but
down. It just varied in the amount it decreased at each step as it went through
the process. So the more rapidly it is processed, and you get an antioxidant on it,
the better off you are because the rubber molecule apparently suffers as you go
along in each step of processing.

Comment: (K. Taylor) I think that any comparison of the two would have to be care
fully done and carried out on a sound, designed basis where the results could be
analyzed statistically before we could determine for sure that the differences
were due to some actual treatment or due to chance.

.,-
Question: (Les Baird) I wonder if you had seen the article that was
Industrial Engineering Chemistry by Dr. Robert Emerson and associates
In their particular studies they got as high as 5,000 p.s.i. tensile.
any comments about that test? It is probably one of the highest that
seen in the rubber literature.
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Answer: (Eleanor Taylor) I don't know of any of the details about how they
handled that. Perhaps someone else here does.

Comment: (J. Bonner) That is just a figment of how you compound the rubber. Com
pounding is black magic and you can get any tensile you want by altering your black
magic.

Comment: (K. Taylor) I entirely concur with you, Dr. Bonner. You can del mirac
ulous things with rubber if you add enough stuff to it. I think in fairnE~ss we
should probably all stick, as we did in our tests. to the American Standal~d Testing
Methods, so that our results are comparable one to another.

Comment: (Paul Allen) I'd just like to comment again on the effects of the resin.
It is clear that there are some of the fractions which are more deleterious than
others, and that part of the resin action is not just the dilution of rubber but
an active deleterious effect. This showed up particularly well in some of the
ret ted rubber which gave a considerable improvement in rubber quality with relative
ly little loss of the resin. Subsequently Dr.Haagen-Smit did some fracti()nation by
fractional distillation. A test of these fractions showed that some of the frac
tions were deleterious but most of them were not.

Question: (Dwayne Chase) You mentioned very briefly wax and you talked about cut
icle wax. I don't know much about cuticle wax and I also missed the perct~ntage of
the composition that the plant contains.

Answer: (K. Taylor) The cuticle wax is the waxy coating that forms the cuticle
surface of the leaves. Most of the wax is found in the leaves; there's very little
found in the shrub itself. It may be that in the very young growing tips of the
shrub you will get a certain amount of the cuticle wax. As to the precist~ percent
age that is present, I don't have that information.

Comment: (Eleanor Taylor) The only figure I found for it was one-quarter percent
of fresh weight, whatever that means. I don't know how wet they were--thllt is, the
1eaves--one-quarter percent of the fresh weight of the leaves is wax. I understand
that it is easy to recover. It's soluble in hot acetone; you cool it dO~l and you
have hard wax. No trouble in recovering; very white wax, very pretty wax.

Comment: The wax, I might add, is very comparable in many respects--in m:l11ing, in
hardness, in gloss characteristics and what not--to carnauba wax. It is II whiter
wax than carnauba.
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RECENT RUBBER PRODUCTION ACTIVITIES IN MEXICO

Enrique Campos
Director, Centro de Investigaciones

in Qiurnica, Ap1icado, Saltillo, Mexico

I would like to make some brief comments on the general panorama of the
guayu1e produced in Mexico. At the present time the most significant development
has been the escalation in the price of raw materials. This situation has been
the catalyst in the formation of a new mu1ti-detente between the developed and
developing countries. The price escalation is mainly generated by an imbalance
that has come about in the supply, and demand of raw material between them and
rubber constitutes one of the most affected.

The gradual utilization of the renewable natural resources is actually one of
the greatest priorities that countries like Mexico must assert, and in that order
the best utilization of our lands acquire a relevance in the national development
program. Guayu1e has been exploited politically since 1910 and principally during
the Second War by huge companies. With the creation of the National Council of
Science, Mexico is for the first time attacking in an organized way this problem
and by means of representation of governmental agencies of the National Arid Lands
Office and Research Institution at our center, fully integrated programs have been
started since 1973. The purpose of this paper is to present the most relevant
aspects of our program on guayu1e, trying to discuss the technical side but also
to analyze the importance of the rural development of the Mexican arid lands.
Since 1910 this rubber has been one of the main points of interest among the re
newable resources of the Mexican desert. Definitely Mexico constitutes the natural
habitat of this plant. Its ecology is the determinant in order to obtain the
growing and the rubber content in a short term. In its native habitat it has
more resistance to be attacked by insects, fungus, etc. Much experience has been
gained in terms of cultivation and accommodation to different regions. Numerous
processing plants in the Mexican territory were established but unfortunately
there are no available data on the exact amount of rubber produced and exported.
The Mexican participation was restricted mainly to the harvesting labors, trans
portation and very limited to the industrial processes. For that reason, our
experience was restricted to the farmers or the peasants and from the technical
point of view we could not penetrate into the technology and so we were unable
to continue the utilization of these resources. Of course, we were just emerging
into the world of modern technology. With a lot of training, human resources,
and the absence of any intrastructure in scientific research and technological
development. For our country the guayu1e is a legend of temporary prosperity
among the Mexican peasants of arid lands.

Fifty percent of Mexico is covered by semiarid and desert lands, traditionally
representing a major problem in the national development. With the scarce natural
resources, some of them like cande1i11a and natural fibers are permanently ex
ploited, but have profound problems arising from the restricted market and the
replacement by synthetics. The economic chemical industry started 1n 1950 polar
ized the economic situation by creating important industrial areas with which many
of the growing populations of the arid lands were integrated. With the develop
ment of the national petro-chemical industry, started in 1965, the production of
synthetic rubber with foreign technology reached a gross amount of 60,000 pounds
in 1974.
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The national rubber market is growing for vital reasons, not only th~~ demo
graphical situation but also the increasing population of the automobile. In
terms of natural rubber, the national consumption gave a figure for 1974 ()f
35,000 pounds representing a 90% importation from Southeast Asia. The fOl~ecasting

for 1980 predicts an amount of 55,000 tons. In 1960 the Mexican governmellt started
an ambitious program to grow Hevea plantations. However, this program fa:Lled to
reach its objective principally for the lack of technological programs i~~olving

not only industrialization and improvement of the quality, but also econolnic
aspects. This panorama is not very pleasing in terms of the work crises related
with the general scarcity of raw materials, and our great ,dependence on i~portation

of natural rubber requires a plan to take advantage of our natural resourl:es and
use them as an important source to attain self-sufficiency. The implementation
of a program of this nature has to consider many factors, not only the socio
economic and marketing factors, but also to create the necessary intrastructure
in order to develop a well-designed program and effective government poli1cies.
In that sense the use of our natural resources demands a joint program including
on one side the research institutions, the governmental agencies dealing 1~ith the
planning of science and technology, and also the responses of rural devel1opment.

In 1971 the National Council of Science and Technology was started--the first
organization devoted to establish the national policies to find the best ,alter
natives to use them in terms of national needs. At the same time the National
Arid Lands Office was founded--the first attempt to attack the problems of the
desert in an organized way. These two organizations started a program oriented
at the beginning to find uses for the natural resources. The most import,ant--the
guayule project--was started in an exploratory way in 1973. However, the task
was difficult to accomplish mainly for the lack of elements to carry out the re
search activities, principally those of applied nature. The National Coul~cil of
Science and Technology started to create similar research institutes located in
strategic regions which was an important factor in the development by means of
research programs oriented to the regional resources. Following these objectives
the Research Center in Applied Chemistry was established in Saltillo. Th,e begin
ning guayule was selected in one of the main lines of its activities. A joint
program was in general trying to generate the information at all the neceissary
levels required to find the best alternatives to arrive at aid for industrializa
tion based on the modern scientific and technological knowledge.

The implementation of a research and development program requires thl~ estab
lishment of a complicated network of specific activities at different lev,els. In
order to generate not only basic information, but also to carry out appli,ed ex
periments and experimental developments, specifically in the guayule grou:p and
guayule rubber, it seems that the basic research is a wasteful exercise and there
are some reports dealing with this topic. But we have to take into accow~t that
almost all experiments in the past were made by means of older techniques and at
this moment we can include new methods in order to obtain an overall picture of
all the basic aspects concerning the rubber characteristics.

The network established that I am going to discuss contemplates some of the
most important aspects of the basic points of view and also the general state
followed to the configuration of industrial process. Of course, the experience
and the tremendous amount of work done was the main source of information. Into
the basic level, in order to obtain a complete physical chemical characterization
and physical-biological characterization of guayule rubber, the topic discussed
below has been covered in the past.
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Some attempts were made in the past like infrared spectroscopy and molecular
weight determinations but the development of the rubber industry brought many
more techniques in order to insight more deeply into the basic aspects of guayu1e
rubber. In terms of microstructure, Stad1ey and many other people using infra
red spectroscopy found a 97.8% of cis-1-4 structure and the rest of 1~4 units.
These results were compared by this kind of spectroscopy. However, there are
many arguments around the exact cis-1-4 structure. We were using nuclear NMR in
300 megahertz resin by this technique available since three years ago. There
are many reports dealing with the 100% cis-1-4 structure in Hevea proven. The
results show that from the microstructure the Hevea and guayu1e have the same
microstructure but the difference is that no 3~its could be found in guayu1e •

In terms of chain dimensions or molecular weight many of the resources that
we find in the latter were very confused. Almost all of them present a result
showing that the guayu1e rubber has a lower molecular weight than the ~evea rubber.
Perhaps the problems related with the handling of the material, the hard problems
that represent the utilization of rubber into the solution may affect these
kind of measurements. By using chromatography as a means of the size separation
of the molecules, we have been working on all the problems related with the molec
ular weight of guayule rubber. As we can see in this picture,* the molecular
weight decreases from your left to right. Guayu1e and Hevea were obtained from
fresh latex and we have to take out the jell content. Guayu1e was obtained
entirely from shrubs within two or three days of harvest. As we can see, the
solid parts of the rubber in the guayu1e and~ shows almost the same molecular
weight and approximately the same molecular weight distribution. Regularly we
have been obtaining molecular weights higher in guayu1e than in Hevea. With this
kind of technique we are able to follow not only the degradation during the
storage that was mentioned in previous talks, but also the effects of the pro
cessing conditions and the effects the amount of resin present in the rubber.

This is a typical molecular weight distribution of guayu1e rubber.* By the
same technique we can separate the family of compounds by the molecular size.
We believe that in some sense they are the same as presented in the talk by Stad
ley. Of course, each one of these peaks, if we make a saponification this peak
disappears. That means there are the trig1ycerides present in the resin. At
this peak, the lower molecular weight peak by gas chromatography presents a tre
mendous amount of components. It is hard to resolve these resins. Besides, with
the information we can at the same time measure the aggregate content and also the
kind of resin. By light scattering, measuring the average molecular weight and
the refractive index and all the parameters involved in chemical characterizations
we made several runs. We have been working on this topic. For instance, we have
guayule--the average molecular weight for 2.5-106 and from Hevea rubber we have
2.02. In the polydispersity of the rubber we always have been finding a lower
polydispersity in guayule rubber than in Hevea rubber. This 2.4 is variable but
generally we are getting po1ydispersity between 2.1 - 2.3 in guayu1e rubber. This
is a very important figure in terms of the processibi1ity of the rubber.

Other points of interest that were also mentioned before i. the jell and the
branching content of the rubber. The jell, as you know, i8 a three-dimensional
structure, insoluble matter that usually represents a problem during the milling.
We have been finding by several techniques that the jell present in the guayule
rubber before the processing exceeds 3-4% of jell. This is a very important
feature of the guayu1e rubber. The~ rubber also presents high amounts of jell.

*Slides
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Related with branching, that is also a very important characteristic of the rubber.
We have been actively working in determining the degree of branching in the
guayu1e rubber by several techniques like light scattering, concentric viscosities
and chromatography. We have been finding that guayu1e rubber presents a highly
linear structure; very low branching content is present. We are just starting
this kind of aspect and we expect to finish it at the middle of 1976.

There are no data at the present time relating with the glass transition, heat
capacities, thermal instability, thermal oxidation stability and the infel:ence of
resins and antioxidants in this behavior. At the present time we are working to
establish similarities between~ rubber and guayu1e rubber into the tE!rm in
dicator. Transition is exactly the same minus 750 c. Heat capacities, aEI I will
show you later, are the same order. Thermal instability to resist thermal oxida
tion in natural Hevea rubber and natural guayu1e rubber present the same nctivation
energy by differential calorimetry. All these aspects are on using calorimetric
techniques to alleviate the thermal instability.

We are also starting some rheological work dealing with the propert:Les of
resinated and unresinated rubber. From the applied label, of course, thelre are
two main sources of information. The resource that we have been talking l!bout in
the last papers--the resource obtained in the former guayu1e emergency prc>gram,
especially reusable in milling and deresination. The advances in process derived
from this synthetic rubber elastomer industry, mainly the modern drying systems
and new techniques to recover rubbers from hydrocarbon solutions simu1tan4eous1y,
and now the resination systems that we are also emulating at the laboratory scale.
Many of the most relevant activities I am going to present are just simp11e revisions
of experiments reported previously.

I think many of the main aspects dealing with resin have been covered. How
ever, we are starting a program now to evaluate the different several alternatives
to use the resin. We strongly believe that the resin represents the main product
and the rubber the by-product. We have several programs going on that way and we
are about to have some evidence of the possible views of possible uses of resin,
the economical point of view that will represent the very important factor in the
process. Around 20 to 30% of total dry weight of the rubber is cellulose. By
means of other research institutions in Mexico the cellulose has been evaluated
in order to find uses and they are very promising. In terms of antioxidant evalua
tions we have been covering by the basic point of view by the ca10rimetri.ctechniques
and all those techniques that we are also starting to work measurements on the
rubber and also by ASDM procedures. I think one of the most important problems
in the guayule rubber is the stabilization. Of course, during the second war many
of the natives used to incorporate the antioxidant into the rubber. We think now
that the availability of industrial equipment and the incorporation of anltioxidants
as well as many other ingredients into the rubber will make it easier to do.

Some papers mentioned that the cork in guayu1e represents a problem in the
industrialization process, and it has to be eliminated through several steps. Some
correlations were established with the normal cork obtained from cork trees, for
instance, the density of cork trees is .2 to .3, the specific gravity for guayu1e
cork range between .3 to .6 which is very much denser than cork trees. From the
thermal behavior the guayule cork and the tree cork are very similar excE~pting in
high temperatures from 3500 and 4000 C. All the results were obtained by calori
metric techniques. From the large-scale experiments we have been repeating many
of the topics discussed before--mi11ing, caustic treatment, good resination, the
solving coagulation, drying, etc.
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There are many of these aspects that cannot be carried out in the proper way
at laboratory scale. It has to be done in the proper equipment. In that order
from the milling the large scale was also reviewed the general information avail
able and also to establish several alternatives to define a flow sheet. From
the milling and concentration I strongly believe that the milling and the con
centration of material has to be done. The solvent consumption in order to extract
resin by solution is very hard to accomplish. From the economical point of view
we strongly believe that it is very hard to get nice figures. For that reason
we have been working on the milling and concentration and of course we have been
evaluating several milling systems.

I would like to present some results from the pilot plant facilities that we
are getting in Saltillo. From the resination point of view, the rubber obtained
in the previous steps range between 17% and 25%. The deresination of guayu1e that
we are working actively is the deresination by solar destruction. The acetone
extraction, I strongly believe, at this moment is the best alternative way to do
it. Of course there are several methods to carry out work in a fixed bed or fluid bed.
The percolation presents many difficulties in order to carry out. The permeabil
ity, the channels established through the bed, and all these factors reduce tre
mendously the efficiency of the process. We strongly believed that the deresination
had to be carried out in a fluid bed.

The elimination of cork and the rest of the fibers is hard to accomplish, even
with the pressure system. There still remains about two to three percent of in
soluble matter. The high quality rubber is very hard to obtain. In the system
we were simulating there still remains small amounts of insoluble matter. We
hope that it is possible to obtain a very pure rubber completely clean of insolu
ble matter by dissolving and coagulating. This is a technique actually used in
the synthetic rubber industry. The solution---------in po1yisoprene or po1ybuta
dienehighly specific is carried out in hexane or cyc10hexane solutions. We have
been working on the solution and the coagu1ation------meaning the recovery of the
rubber from the hydrocarbon solution. We have at this moment several facilities
to carry out this step. This also presents the prospectives to obtain a very
homogeneous rubber and very well distributed the antioxidant in it. We are working
on the solution and the solvent coagulation. The aspect of the drying mentioned
before represents a very complicated steE to carry out in rubber. Even in vacuum
I strongly believe that the guayu1e rubber had a considerable amount of moisture
remaining. That moisture affects tremendously the processing and the compounding
of the product, because you never know what amount of water you are sending with
the rubber .

You have to change the compounding; you have to change many things in order
to obtain the same properties and at laboratory level it is very hard to simulate
the drying of the rubber. At the present time there are several alternatives to
carry out the drying. We have been working with the mechanical drying of the
rubber--that means by mechanical drying, two steps: first, taking out the 80-90%
of the water by mechanical means, and after that we are also working with the
mechanical by the same kind of experiment. The result obtained was the efficiency
that we are getting in the first place; that means milling and concentration are
very important. We are getting figures between 90 and 95% of the rubber content.

I would like to mention that in Mexico the four most important regions,
Zacatecas, Durango, Cohui11aand Torreon, that the most important are Zacatecas
and Durango from the inventory aspect. In that order Zacatecas and Durango present
the higher rubber content, contents between 16% of rubber in Zacatecas and about
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14% of rubber in Durango. However, the molecular weight in that of Cohuilla is
in the positive direction. We are getting more rubber, but at the same time we
are getting in some ways lower molecular weight. The roots on the plants present
different molecular weights. The rubber from the roots is higher in molecular
weight than the rest of the plant and for that reason is very hard to sta,ndardize.
These characterizations depend strongly on where you get your guayule. In that
sense we have been working in this project and I am going to present some slides
showing the facilities that we are getting right now in order to establish the
finest configuration of a process. We also believe that we are in shape to start
to work in a small pilot plant--a small demonstration unit--to start to get ex
perience with the new industrial assistance and the next plants ,we can in.novate
from the technological point of view some of the steps.

We have split the process into two main blocks. The milling and the concen
tration has to be done in that order. We were measuring different millin.g systems
choosing hammers, several steps in the hammers, flotation, calcite treat~~nt,

conditioning in the rubber, and all this. We obtained the finer of the concentra
tion step and the conditioning of rubber with around 2-3% of the soluble matter.
The worms, as mentioned in many papers, are small--one millimeter in dian~ter,

and very easy to deresinate. As soon as we get the material floated we can. start
to deresinate the solvent and coagulate. We have three alternatives: gOI to
drying, and to obtain a resinous rubber, or dissolve or coagulate the re:sinate.
We were also working in the dissolving step to coagulate in a nonsolvent like
acetone, or isopropanol, or nonsolvents for the rubber, but solvents for the
resin. With this system there are many problems involved. First we are mixing
solvents; we have around three solvents, water by one side, the nonsolven.t and
the solvent. In order to carry out the continuous process it is very hard to
obtain in a batch. It presents many difficulties because the resin conte:nt is
going up accordingly as we are coagulating the rubber. Also from molecular weight,
low molecular weight is remaining in solution. We think that the best alternative
is to deresinate. The deresination that we are working on is by acetone. All
the previous works are very valuable and all the results are mentioned by Mr.
Stadley. We repeat all the experiments and we get almost all the same resiults.
For the mechanical drying, we have many alternatives to obtain constant viscosity
rubber or to increase the rubber or to increase the viscosity by the new method
used in Hevea. There are many alternatives to bleaching the rubber. I a~

going to present some slides of the demonstration unit that we have starting to
work in Saltillo.

This program was supported by the National Arid Lands and National Science
Council and the National Council of Science and Technology. We installed a
private plant in Saltillo, starting the construction four months ago. We are using
in the experiments several hammer mills in order to reduce the sizes. We have also
some caustic treatment to incorporate some chemical energy into the guayule rubber
in order to make easier the deresination process.

These are some suggestions in order to carry out the caustic treatment. We
are working with some kind of chosen refiner for the fiber. It was mentioned
before that you have to set all the conditions and all the same part of the receipt
of material, the start of flotation time, women to make the warfs and reduce the
size in the warfs. This is the part for accomplishing of the rubber to reduce the
particle size. From this we are going to deresinate; unfortunately I couldn't get
slides of the finished system we are making in a fluid bed. The unit of coagula
tion is almost finished. With this unit we can make all kinds of chemical modifica
tion in the rubber. The coagulation is in water. Some tanks were constructed to
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keep the rubber before drying. The drying units that we were using were bought
in the u.s. Part of the drying unit in the top is the mechanical expeller. We
are introducing the rubber with 50% of water and in the first step the water is
reduced to 10-15%. The expeller in the top and in the bottom is the expander.
This is just like the same system to take out the oil from the seeds by mechanical
treatment. This part belongs to the expander, which is the drying unit. You are
taking the 15% of the water out by means of mechanical energy. You are changing
the mechanical energy and thermal energy and pressure. You have to get 15% and
then when the rubber comes through the dye, the very small dyes, the change in
pressure flush the remaining water. This is the drying unit, the cooling toner
for the system when the plant was started.

We are starting to configurate the process or several alternatives in tne
process that we hope to work on in 1976 in order to define the best alternatives.
But I think we have chances to make many chemical modifications to the drying
step; there are possibilities to introduce in more homogeneous form the anti
oxidants, or the bleaching agents, or many other components. That is the general
view of the program•
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PHYSIOLOGY AND CHEMISTRY OF GUAYULE

James Bonner
California Institute of Technology

By the winter of 1939 it didn't take any seer to understand that thelre would
be interruptions in the supply of essential foreign imports to the States. The
only remaining question was what could a plant physiologist contribute to the re
quirements, things that the u.S. requires that would have to be imported and that
we normally import. The obvious import to which a plant physiologist could perhaps
contribute was our importation of rubber. In 1939 and prior to that time we were
almost totally dependent upon rubber imported from Southeast Asia. So in the latter
part of 1939 my colleague, F. W. Went, and I made an appointment with the president
of the Intercontinental Rubber Company, Mr. Carnahan, and we went to SaliOl:l.s and
visited him. We took lessons from Dr. McCallum on how to assay rubber in a piece
of guayule stem by chewing it up, spitting the wood out and seeing how big a piece
of rubber gum you had left in your mouth. This is a very effective assay method.
We made an arrangement by means of which Cal. Tech. would work on the phyliiology
and biochemistry of the guayule with the support of the Intercontinental l~ubber

Company. So our work was started in the fall of 1939. When the Intercontinental
Rubber Company was taken over by the u.S. Government in March of 1942 our arrange
ment continued with the u.S. Forest Service and I became an agent of the u.S. Forest
Service. When the u.S. Forest Service collapsed in 1946, and the Emergen(~y Rubber
Project collapsed in 1946, our work at Cal. Tech. continued to be supportE~d by the
Stanford Research Institute with funds supplied by the Office of Naval Renearch.
In 1950 our program was taken over, of all things, by the Office of the Quarter
master Corps of the u.S. Army and was supported by the u.S. Army until 1958. I'll
tell you in a little while what happened after 1958.

The obvious place to start with the physiology of the guayule is to find out
why the accumulation of rubber in the plant is cyclical. Rubber accumulates very
slowly during the spring and summer. Rubber is produced, makes up half to one per
cent of the dry weight that is produced during the spring and summer, with the exact
amount depending on the age of the plant and some other factors. Total rubber per
plant and percent of rubber in the plant increases rapidly during fall and winter.
So, what is the basis for this cyclical behavior? Luckily, at Cal. Tech. we had at
our disposal air-conditioned greenhouses that could be kept at different c:ontrolled
temperatures and we used these greenhouses to attack this problem.

It turned out if one keeps plants continuously in the warm--like at 800 day and
night--they grow vigorously and vegetatively, and produce lots and lots of flowers
and new growth, accumulating rubber up to a level of not more than one percent,
generally in the range of one-half to one percent of total dry weight. If, on the
other hand, we keep plants at 800 during the daytime and keep them for 16 hours at
night at 450 then they accumulate rubber rapidly. In a period of three mClnths they
go from one percent of rubber to five percent rubber, at the same time increasing
in dry weight just as rapidly as they would have had they remained at high temper
atures. So the obvious conclusion is that at high temperatures day and night, plants
photosynthesize and the photosynthate goes into new growth. At low night tempera
tures, photosynthesis continues but a portion of the photosynthate is divE~rted into
rubber making.

Our studies indicated that the moisture stress does not increase ratE~ of rubber
accumulation or total amount of rubber accumulated under the optimum tempE!rature
conditions. The optimum temperature conditions are just what I outlined---night
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temperatures of 450 • Night temperature that is too low stops photosynthesis dur
ing the daytime and stops rubber accumulation. Optimum day temperature is in the
range of 60-650 to 800 ; it doesn't make any difference over that range of tempera
tures. However, we did find that moisture stress is effective in increasing rubber
accumulation in plants that are grown under high temperature conditions where nor
mally vegetative growth would occur. But the increase in percent of rubber con
tained in the plant is at the expense of total rubber produced because water stress
does diminish rate of photosynthesis.

Now the second matter which we address ourselves to is the relation of mineral
nutrition to rubber accumulation. We found that the greatest growth and the great
est rubber accumulation in plants grown outdoors (so that they grow vegetatively
during the summer and accumulate rubber during the winter) were those that made the
most growth in dry weight. This was done in the classical mineral nutrition ex
perimental techniques. By the way, concerning the first matter of temperature:
Effects of temperature on rubber accumulation are contained in a paper which you
have Xerox copies of. The effects of nutritional treatments on growth and rubber
accumulation are contained in another paper which you may also have. Those plants
that receive large amounts of nitrogen and phosphate make the most growth and ac
cumulate the most rubber. Deficiency of nitrogen nitrate or phosphate diminishes
growth and also diminishes rubber accumulation. These results are not contradictory
to those that were discussed yesterday, or perhaps the day before, which said that
the fertilizer application to guayule in the field did not result in any increased
rubber accumulation. I think it merely means that the soils which we used to grow
guayule in during the Emergency Rubber Project were by and large soils of high
fertility, such high fertility that the application of more fertilizer didn't result
in any further growth or rubber accumulation •

We did further experiments at the Bell Ranch Nursery on the effect of light
intensity on guayule growth and rubber formation. We did this by staking out 1/8
ac:e plots shaded with lath slats, cutting the light to 1/2, 1/4, 1/8, etc., of
incident light intensity. The incident light intensity at the Bell Ranch Nursery
may be taken as one, pure sunlight, not diluted by clouds. We founq that the rate
of growth of dry matter accumulation is directly proportional to the light intensity
to the level of 1/8 of incidence of whole sunlight. Rate of rubber accumulation
is similarly approximately linearly related to light intensity. So we have three
important factors controlling growth and rubber accumulation in guayule. One is
temperature, especially at night; the second is high nutritional status and the
third is high light intensity.

Noy I want to return to another matter which we have discussed or at least
made sideswipes at during the past two days, and that is yield per acre. Everything
that I could find by the end of 1947 about yield of guayule rubber in the fields is
summarized in a review which luckily is printed and I have a copy of it. It con
tains all of the published data on yield of guayule rubber per acre available up
to the end of 1947. The facts that I could glean at that time are as follows:

The highest yields ever reported were reported by A.C. Hildreth, whose picture
is there on the back wall. Dr. Hildreth reported in India Rubber World in 1946
that he was able to get from plants directly seeded in the field and grown for two
years 1200 to 1500 pounds of rubber per acre over the two-year period. So that's
600-750 pounds per acre per year. That's irrigated. The Emergency Rubber Project
p~esented data to the Poage Committee (which was a Congressional committee that
investigated guayule rubber and recorded matters to determine if our project should
be continued). Emergency Rubber Project figures contained in the Poage report are
that it is possible to produce 900 pounds of rubber per acre in two years with
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irrigated plots. W.B. McCallum in 1941, in a published report, says that if you
let guayule plants grow to the age of 10-13 years so that they're what he calls
mature, that means closure of the canopy (all the ground covered with guayule
leaves) then at that time and without irrigation they will contain 2400 pounds
rubber per acre approximately. So you get 2400 pounds when you harvest them, say,
after 10 years of unirrigated growth. The data presented by the Berstein Rubber
Project to the Poage Committee says that if you do the same thing you get 2700
pounds of rubber per acre after a 10-13 year period. So those two reports are in
close agreement.

I conclude that with the 1946-48 technology of guayule growing, it would be
reasonable to expect under irrigated conditions and appropriate climate, and we'll
hear more about where you can find appropriate climate when we talk about the in
dicator plots. It would be reasonable to expect a yield of about 500 poun.ds per
acre per year over a four-year period, that is an increment of 500 pounds per acre
per year over a four-year period. About 2000 pounds in four years would be reason
able. In order to raise this level, you would have to have new plants produced by
selection and plant breeding. Now I want for a moment to compare these yields with
the yields of Hevea braziliansus, grown in Southeast Asia then and now. In 1946
and prior to the Second World War, the yields of natural rubber from Hevea. in Indo
nesia and in t1alaysia were under 300 pounds per acre per year. In 1974 the average
yield in Malaysia was 1200 pounds per acre per year and the yield from the estate
sector, that is the large plantings, as separated from the small holders ~ho have
two "to five acres, is somewhat over 2000 pounds of rubber per acre per yea.r. We
know from the test trials of the Rubber Research Institute of Malaysia that we have
varieties that yield 3000 pounds per acre per year on a large-scale planting basis.
We know that our best variety stimulated with ethylene will consistently yield
6000 pounds of rubber per acre per year. So over the period from 1946 to 1974,
yields of Hevea rubber have been increased about one order of magnitude. You might
ask, "Where's this all going to stop?" Luckily we can calculate that. We know
that about 2-1/2% of the incident visible sun's energy is converted into plant ma
terial, carbohydrates, under otherwise optimal conditions, good temperature, good
mineral nutrition and high light intensity. We know how much energy it takes to
convert a gram of sugar into a gram of isoprenoid rubber. We can calculate that
were the plant to convert all of its photosynthate into rubber, the yield would be
about 9000 pounds of rubber per acre per year.

As I said, we have with Hevea already gotten 6000 pounds of rubber per acre
per year on a sustained basis. That leaves something over then for the plant to
produce new leaves and to produce new roots and to grow a little. They don't grow
very much; they don't grow in girth (get fatter). When you take 6000 pounds of
rubber per year from rubber trees they really stop growing. The principle with
guayule, which to my satisfaction is established, is that to get high yields you
have to grow the plants with irrigation. The principal remaining question is what
sort of a trade-off are we willing to make? To give it less water, get less photo
synthate, get less rubber per acre over a period of years--a trade-off of less water
for less rubber. We need to have really good data on the relation of total rubber
production as a function of total water applied.

Now I want to conclude with one slight digression. One of the main things that
I learned during the Emergency Rubber Project time was that nobody knew at that
time how photosynthate is converted to rubber, to isoprenoids. Therefore, I set
out to study this matter and worked out the pathway by which carbon in CO and in
sugar, the photosynthetic product of CO2 , is converted to rubber. This also is
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summarized in a review of which I have a copy for you. This was all discovered
by 1958 and I found then that there's nobody in the U.S. interested in the path
by which C02 is converted to isoprenoids. There is only one place in the world
that was interested and that was Kuala Lumpur, the capital of Malaysia. In 1960
that government invited me to go to the Rubber Research Institute of Malaysia and
I have been a contracted consultant to the Rubber Research Institute of Malaysia
since that time. Even during that period of time, which is only 15 years, we have
been able to double the yield of rubber per acre per year from existing plantings.
We have been able to shorten the period between planting rubber trees in the field
and the time you can start harvesting them from seven years to three years.

So my total conclusion is that there is a lot that can be done with rubber
plants by serious plant biologists and there remains a lot to be done for guayule.

Questions

Question: Yesterday I believe Mr. Lobenstein said that a plant reached its ultimate
maximum production at about 11 years old. You were talking about 10-13 with ir
rigation, now beyond that point it goes, I mean it starts deterioration of the
plant and then lowers the rubber extract that can be derived from the plant.

Answer: After the closure of the canopy, as we heard, the bottom branches start
to die, just like they would in a tree. The branches aren't getting any light any
more. When the branches die the rubber is decomposed probably nonbiologically be
cause rubber plants don't have any enzymes to chew up rubber; it has to be done by
spontaneous oxidation and so forth. But the answer is yes. After the closure of
the canopy, after about 10 or 12 years in the wild, total rubber per acre starts
to decrease.

Question: Then on your total amount that you were talking about at that time, were
you referring not to harvest until the plant was about 10 years old?

Answer: I was talking about plants that are left in the field till they're 10 to
13 years old; at that time they have 2400-2700 pounds per acre. I didn't mean to
imply that there is any sensible reason for growing guayule on a 10-year cycle.
It seems to me, just think how awful that is, if you're going to grow guayule on a
lO-year cycle and get 2400 pounds per acre after 10 years, you've only got 240 pounds
per acre. That's no way to go; that's not an economic return per acre for anybody.

Question: Where did Dr. Hildreth do his work on his seedlings?

Answer: I think he must have done it in Salinas because I'm sure he didn't do it
in Cheyenne. Do you know, Ben? It was done in Salinas. Dr. Hildreth was in charge
of the USDA Experiment Station in Cheyenne and he was sent to join the Emergency
Rubber Project for a period during the war, and therefore my remark about Cheyenne.
He returned to Cheyenne, by the way .

Question: Did you try real high temperatures up above 1000?

Answer: No, I grew plants outdoors in Pasadena for a wide variety of reasons, and
there the temperatures in general don't get over 1000 . But we did experiments at
the Bell Ranch Nursery near Indio. I visited the Bell Ranch Nursery one day a week
for two years. The temperatures there got up to 1200 . Guayule grows fine at a day
temperature of 1200 provided it's watered.

Question: Is anything known about the hormonal mechanism or other chemical mechan
ism for turning on the biosynthesis process?
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Answer: No. It's my conclusion that it isn't anything complicated like a particu
lar hormone. I conclude that the genes for producing the enzymes to make rubber
are turned on by low temperature, and of course there are lots of genes that are
turned on by low temperature. As Dr. A.J. Haagen-Smit will reveal to us, the genes
for making the precursors for isoprenoids are turned on at all times in guayu1e,
because they make a wide variety of other isoprenoids. I should mention also that
for example in our experiments on the effects of temperature on rubber production,
I also determined the total resin by extracting plants with acetone (total acetone
solub1es). Those remain constant throughout the whole range of temperatures. Those
resins, as we saw are in part isoprenoids and in part fats. But anyway, genes for
making the isoprenoids component of resins apparently are turned on even at high
temperatures. I'm sure, Joel, that at the back of your mind is the questi.on of
whether one can diddle with the hormones of guayu1e in the way that we hav·e with
.Hevea (application of ethylene to double or more than double rubber produc.tion).
I see no reason to think that anything like that is possible with guayu1e because
what we do with Hevea is effect the genes that have to do with the c10ttin.g mech
anism that makes the latex clot and stop flowing. We turn off the genes for making
the clotting mechanism.

Question: (Hugh Anderson) James, I don't know much about any rubber trees but I
do remember reading that it took 10-12 years before they are tapped. What have you
brought it down to now?

Answer: As I said a moment ago, the conventional wisdom says it's seven years from
the time you plant the tree in the field until you can start tapping it. That is
British conventional wisdom, and like all conventional wisdom, it's not ri.ght. We
have shown during the last five years that you can cut the time to three by such
simple techniques as watering the plants when you transplant them to the field, and
further achieve a great reduction in this downtime by planting the plants in poly
ethylene bags so you don't bare roots when you plant them. You plant the entire
bag in the field and then water it. So the time now is three years from the time
you start planting in the field until you start tapping. When you start tapping
you get an initial yield of 1000-2000 pounds per acre per year.

Question: (Robert Dennis) What was the method of ethylene application alLd what
rates are used? We have been doing some of this with the sugar beets thisl past year
here in Arizona.

Answer: (Bonner) What we use now is ethre1. We have used ethylene, put the plant
inside a polyethylene bag and put some ethylene in, but that's too vigorous. It
makes all the leaves falloff for one thing and makes latex flow out of e,rery in
sect bite in the p1ant--and so that's not very good. What we do is use ethre1 dis
solved in eth1ene glycol and dissolve that in palm oil; then paint that OIL the
tapping panel with a two-inch wide brush, strip around the tapping panel, and the
tapping panel generally goes half-way around the tree. We repeat that trE!atment
(.1% ethyl in palm oil) once every two months. The cost is about 25 u.S. cents
per acre per year and it, as I said, at the very least doubles the yield by in
creasing the length of time during which latex flows to the topping cut. Now please
tell me what you found with the sugar beets; I don't quite see what the effect on
sugar beets should be.

(Dennis) In the case of sugar beets our work followed that in Colorado, Great
Western Sugar, in which ethylene gas, soil-injected, using a couple of pounds per
acre and their results indicated an increased sugar production. In our C~lse we had

82

•ow

•ow

•""

•...

•...

•--

•--

•..



many tests, no statistically significant increase, but the trend was there. More
sugar with this ethylene application was the result, in the rows that were near to
the place of application of ethylene.

(Bonner) That's extremely interesting and perhaps I shouldn't write off ethylene
treatments of guayule. With guayule, obviously, as with sugar beets, the situation
is complicated by virtue of the fact that you don't want the leaves to falloff.
Ethylene is an excellent defoliant. The upper limit of the concentration of ethy
lene that we can apply to Hevea is determined by the fact that you donit want to
apply enough so that it gets up the trunk to the leaves and makes them falloff.
The mode of treatment of sugar beets is arranged also to not cause defoliation.
Right? Ground injection.

(Dennis) The plants have a canopy of 10 to 12 inches at the time the ethylene is
applied in the soil and it is supposed to move rather great distances horizontally
in the soil. So it's possible that it might work with guayule, applied at a certain,
right time.

SOIL-PLANT RELATIONSHIPS - GUAYULE

Omar J. Kelley
Co-Director, Crop Improvement Research Center, Suweon, Korea

In order to understand the soil-plant relationships of guayule, one needs to
know something about the root system of the plant. By the term soil-plant rela
tionships, I include the word water or namely soil-water-plant relationships, since
the water characteristics of the soil play such a dominant role in the overall
relationship.

Muller4 gives a very good description of the root development of guayule under
a wide range of conditions. He describes guayule as a single stemmed shrub reaching
two to three feet in height. Under native conditions the roots form a modified tap
root but this is not true under cultivated conditions. He points out, as most of us
who have worked with guayule know, that the species is not a good competitor in
its early life stage. He believes the modified taproot develops under native condi
tions due to the availability of moisture being present in only the top couple of
feet of soil. If more moisture is available, more competitive plants will move in
and prevent the establishment of guayule. With the limited water available. guayule
will establish itself and then as water supply runs out it will go into dormancy for
long periods of time--often with its comp!ete root system at moisture levels below
the wilting point. As an example, Muller cites six-month-old seedlings surviving
three months of severe drought. Further it has been stated that "there are records
of places in Mexico where essentially no rain has fallen for several years but when
the rains came plants picked up and were active in a day or two."

Figure 1 shows the root system of a native guayule plant. Notice the absence
of a typical taproot and the massive lateral roots in the first two feet of soil.
Figure 2 shows the root system of l7-month-old cultivated guayule plants where plants
on the right side were missing. Notice how well the root system develops vertically
when there is subsoil moisture, also how it develops laterally where there was no
competition. These figures give a good indication of how readily the root system
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Figure 1.

1(1"'1 't"'II'.I.\" II' l.l \\111:

Native guayule about 30 years old in Ector stony
loam in Brewster County, Tex. - From Muller4

Figure 2. Seventeen-month·-old plants lacking
neighbors on right but closely
crowded on the left. Note the great
lateral spread into unoccupied soil
and the decrease of penetration with
increased spread. - From Muller4

of the guayule plant can adjust to soil moisture conditions. Figure 3 shows the
root system of a seven-month-old nursery plant growing in Coachella loamy sand near
Indio, California. The surface foot of loamy sand is fully occupied by, roots, but
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Figure 3. Seven-month-old nursery plants
of guayule in Coachella loamy sand
near Indio, Calif. Note the con
centrations of feeder roots in
horizontal layers corresponding to
veins of clay and silt and the
aggregation of principal roots in
an old root channel on the right.
From Muller4

roots become progressively more sparce as the almost pure sand is entered. The
lateral growth of roots at the 24-inch and 52-inch depth represents a concentration
of feeder roots in horizontal layers of clay and silt that is typically found in
desert sands. This again is evidence of the ability·of guayule roots to readily
move into areas of m~re available water. The lack of root growth in the sand is
attributed by Muller to lack of water. Figure 4 shows younger plants indicating
the same phenomena. Guayule does, however, have the ability to grow under a wide
range of moisture conditions if competition from other plants is removed during the
early growth period. Plant roots have been found to penetrate the soil beyond the
20-foot depth.

Due to the fragile nature of the guayule seedling and its poor competitive
ability, nearly all guayule grown under the Emergency Rubber Project was transplanted
from nurseries. (While some work was done on direct seeding of guayule, more infor
mation is required before direct seeding could be recommended as a commercial
practice.) Thus, considerable work was done on the soil-water-plant relationships
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Figure 4. Guayule roots passing from dune sand to clay
veins. Note the absence of branches or
their effective suppression in the sand and
their ramification in the horizontal clay
layer. - From Muller4

of nursery-grown guayule and the transplantability of the plants grown under a
wide range of treatments. Only the highlights of these studies will be reported
here. The details can be found in guayule literature, part of which is cited here.

One experiment conducted on the effect of moisture stress on nursery-grown
guayule with respect to the amount and type of growth and growth response on trans
planting3 gives some very interesting and valuable information on nursery conditions
required for good transplantable plants. In this experiment five moisture stress
levels were studied ranging from very low moisture stress throughout the plants'
growth to a treatment that received no irrigation after the plants were well estab
lished. The moisture stress levels increased from treatment #1 to treatment #V as
indicated. The study was also conducted at two fertility levels but these had
little or no effect of transplantability.

The type of growth produced by the several treatments differed markedly. Those
plants grown under conditions of low moisture stress produced a large vegetative
growth and flowered profusely, while the opposite was true for plants grown under
high moisture stress. The plants of treatment V made only a fraction as much veg
etative growth as those of treatment I, and only a few of them flowered at all dur
ing the summer. There were striking differences in the color and other physical
characteristics of the plants. Those grown with the larger amounts of water were
very succulent, brittle, and their leaves were light green in color; in contrast,
those grown under the higher moisture stresses were shriveled, tough, and in leaf
color a bluish-grey. The bluish-grey color was thought to be indicative of plants
that are in good condition for transplanting, regardless of how they were hardened
off.

Since the plants produced by the several moisture treatments differed so great
ly in top growth, root studies were made on the two wettest and the driest treat
ments. There was little difference in the depth of root penetration. In all cases
there was profuse root development to the 42-inch depth, and only rarely below the
48-inch depth. There were fewer lateral roots near the surface of treatment V,
but the authors reported this was expected due to the very high moisture stress at
this depth for most of the summer.
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The effect of the differential moisture stresses on the rubber and resin con
tent was also reported. Table 1 shows this information. The rubber content of
both the tops and roots were drastically affected by the different moisture treat
ments. The rubber percent varied in the tops from a low of 0.14 to 1.15 and in the
roots from 0.10 to 2.21. Thus in the roots the rubber percentage was over 20 times
higher in the plants grown under high moisture stress. The aliLhors report that
these and other studies conducted in this experiment show that "in general, low
moisture stress leads to enlargement of the tissues of the plants, with correspond
ing increases in rubber-bearing capacity; high moisture stress leads to the accumu
lation of the products of photosynthesis." They also stated, on the bases of their
observations and data that "it would not be unreasonable to expect that a maximum
yield of rubber might be obtained by growing guayule under low moisture stresses
for a period of time long enough to produce a large shrub with a high potential
rubber-bearing capacity and then subjecting it to a period of high moisture stresses
in order to increase the percentage of rubber."

3
Table 1. Rubber and resin analyses. From Kelley etal.

Plants sampled Sept. 28, 1943 Plants sampled
Moisture Rubber Resin Feb. 9, 1944
treatment Tops Roots Tops Roots Rubber Pounds rubber

% % % % % per acre

I .............. 0.14 0.10 3.08 1.15 2.5 360
II ............. 0.17 0.32 3.10 1.93 3.2 354
III ............ 0.19 0.37 3.60 2.23 2.9 310
IV ............. 0.17 0.39 3.90 1.95 3.7 333
V .............. 1.15 2.21 4.45 3.88 8.0 348

Growth Response After Transplanting

For all plants that are grown in nurseries for transplanting, including guayule,
the most important criterion of nursery practices is the ability of the plants to'
resume growth quickly and to survive when set into the field.

The effects of previous moisture treatment upon the after-transplanting growth
responses of the nursery stock grown in the experiment referred to here were studied
in an extensive transplanting program. Nine transplantings were made at intervals
during the period from September, 1943 to July, 1944. Detailed data are given for
each date of transplanting on the resumption of growth following transplanting.
Data on new growth was noted a few days after transplanting and continued for sev
eral months, or until it was obvious that those that had not renewed growth were
dead. Only a summary is reported here, namely the percentage of plants showing new
growth at the latest counting for the first eight transplantings. This data is
shown in Figure 5. Note that equally satisfactory growth resumption of the plants
of treatment V occurred at all seasons. Regardless of the date of transplanting,
91 to 93% of these plants grew, and in all cases, the authors report, they resumed
growth more quickly than plants of any other treatment. They also report that with
increasing elapsed time between the cessation of irrigation and the date of trans
planting, the growth responses of the plants grown under the low and medium moisture
stresses of the first four treatments more and more closely approached those of the
plants grown under the very high moisture stresses of treatment V. It was not until

87



... -
·~~I

:: : I. . ... ..

---.
Figure 5. Percentages of plants showing new growth

at the latest counting for the first
eight transplantihgs. - From Kelley et al. 3

the fourth transplanting, however, that the plants of the first four treatments
survived transplanting at all satisfactorily. At the fifth they appeared as good
as treatment V. The results of treatment V indicate that nursery plants can be
grown that will survive well when transplanted any tIme of the year, provided soil
moisture and temperature conditions are favorable.

Effect of Moisture Stress on Growth and Rubber Content

Where temperature conditions are suitable for good growth of guayule, soil
moisture is probably the most important factor affecting growth and rubber accumu
lation in the guayule plant. Under desert conditions guayule growth is very slow
and is controlled almost entirely by the available water supply. When water is
amply available guayule enters a lush and vigorous growth stage. Little or no rub
ber is laid down during this stage of growth. As the available water becomes less
and less available guayule growth becomes less and less vigorous until water is no
longer available or only slightly so and then guayule becomes dormant. While this
much is accepted as known facts, there is really little exact information on the
effect of varying moisture stresses on guayule growth and rubber production over a
long period of time. The Emergency Rubber Project did not last long enough to ob
tain such information. To be sure, considerable information was obtained on the
effect of different moisture conditions for short periods of time, and much of this
is very interesting. It also provides background for various hypotheses.

Hunter and Kelley,l working with one-year-old transplanted shrub, initiated
five moisture treatments on guayule growing on two different soil types in the San
Joaquin Valley in 1944. One was on a Delano sandy loam known as the Sill tract and
the other was on a Sorrento silty clay loam known as the Isom tract. At the begin
ning of the experiment all the plots except those of treatment 5 were given heavy
and prolonged irrigation to wet the soil to the "field capacity" to a depth of at
least eight feet. Treatment 5 received no irrigation throughout the study and
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treatments 2 and 3 were progressively at increasing stresses between treatments
1 and 4.

The Delano sandy loam (Sill tract) held ost of its water at very low moisture
tensions while the Sorrento silty clay loam (Ieom tract) held only about one-fourth
of its available water in the low moisture tension range, the remainder being more
equally divided up to tensions at the wi ting point.

Figure 6 gives the yield of shrub and rubber and the percentage of rubber and
resin at four sampling dates. Note at the beginning of the experiment there are
no differences in any of the measurements.
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Figure 6. Yield of shrub and rubber and resin
content at four sampling dates of
guayule grown under five different
moisture treatments on Sill and Ison
tracts. - From Hunter & Kelleyl

By August significant differences were beginning to occur. At this time the data
show a reciprocal relationship between the yield of shrub and the percentage of
rubber. At this time the response of the plants to the five irrigation treatments
were very similar on the two soils. On the low moisture stress (high moisture)
plots the percentage of rubber decreased during the period between the initial and
August shrub sampling. This was thought to be due to the dilution effect of new
growth having very low rubber conten~. The driest plots, treatment 5, showed a
slight increase in content. All plots showed an increase in shrub weight, with the
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low moisture stress plots giving the greatest gains. The increase in rubber yield
per acre was greatest on the driest treatments, namely 140 pounds for treatment 5
on the Sill tract and 240 pounds per acre on the Isom tract. The respective yields
for the low moisture stress plots were 24 and 52 pounds. By November sampling, it
was evident that the drier plots on the Sill tract were producing very little ad~

ditional shrub, while those on the Isom tract were continuing growth. The wetter
treatments in both tracts continued rapid growth. The rubber content still remained
higher with the drier treatments. By March of 1945, nearly a year after the ini
tiation of the experiment, there had been little or no additional growth on the
drier plots of the Sill tract, and while the absolute rubber content remained high
est on the drier plots, the relative increase over the previous sampling was greater
for the three wetter treatments. Thus the total rubber production was highest for
trea~ment 2 followed by treatment 3 and then treatment 1. For the Isom tract the
relative increase in shrub production was less on the wetter plots compared to the
drier plots and rubber content continued to increase on the drier plots. Thus, the
drier plots produced more total rubber.

The authors found it difficult to fully explain the results of this experiment.
They felt that the poorer growth of shrub and lower increased rubber content of the
drier plots on the Sill tract may have been due to the soil water holding charac
teristics of the sandy loam soil compared to those of the silty clay soil on the
Isom tract. They indicated that the plants on the Sill plots either had ample
water for lush growth or were quickly subjected to such high moisture tensions that
they went into dormancy with little or no time for increasing rubber content, while
on the Isom tract the plants gradually experienced increasing moisture stress,
stayed in a reduced vegetative growth, but continued to grow and produce rubber.
Furthermore, the soil on the Isom tract held more water than the soil on the Sill
tract, so these had more water for growth under the drier treatments. While these
data do not conflict with the general principle that more rubber is laid down
under conditions of relative high moisture stress, they do indicate that there are
stresses above which rubber will continue to accumulate.

Another study2 conducted on what was originally nursery stock gives additional
information on the soil-water-plant relations in guayule rubber production. Late
in 1943 it became apparent that the further planting of guayule as a war-emergency
source of rubber was to be drastically curtailed, and that there was considerable
nursery stock that would not be used for transplanting. Four nurseries were chosen
for these studies. Two, the Bell and Whittier Nurseries, were located in the
Coachella Valley and two were located close to the Pacific Ocean near San Diego at
San Mateo and Carlsbad. The Bell Nursery is located on very sandy soil and the
Whittier Nursery on a loam, both in a hot and dry climate. The Carlsbad Nursery was
located on a sandy loam and the San Mateo Nursery on a loam soil, both having lower
temperatures, lower light intensity and higher relative humidity than the Coachella
area. In each nursery the plants grew in rows seven inches apart in seven-row
nursery beds. Before thinning there were 10 to 20 plants per linear foot of row.

The treatments consisted of six spacing treatments with decreasing densities
from treatment 1 through 6. Number 1 was left unthinned on the original stand.
Moisture treatments were three, with treatment A receiving irrigation only when the
plants appeared to be dying from drought, with C receiving sufficient water to keep
the plants growing vigorously at all times, and B in between A and C. There were
several fertilizer treatments, but with the exception of the Bell Nursery which was
essentially pure sand, the #1 or no-added fertilizer treatment produced the most
rubber. At the Bell and Whittier Nurseries one-half of the plants were clipped and
the other half not clipped or left in original state. Table 2 gives data on rubber
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Table 2. The status of the guayule plants with respect to percentage of rubber,

tons of shrub per acre and pounds of rubber per acre at the various
nurseries at the initiation of the experiment. - From Kelley et al. 2

Tons of Pounds of
Nursery Sampling Rubber shrub rubber

date, 1944 % per acre per acre

• Bell ............ J~. 2.37 ± 0.49 3.60 ± 0.19 170 ± 14
Whittier ........ Feb. 3.21 ± 0.26 4.08 ± 0.18 225 ± 13
Carlsbad ........ April 8.26 ± 0.10 1.71 ± 0.09 283 ± 17
San Mateo ....... April 7.09 ± 0.12 1.96 ± 0.14 280 ± 23

content, tons of shrub per acre and pounds of rubber per acre at the beginning of
the. experiment at each location. The major differences are between the two nur
series located on the coast and the two located in the Coachella Valley. Rubber
percentage was much higher and production of shrub was much lower on the nurseries
located near the coast.

•

•

While there is much interesting data from this experiment, only a summary
table of the highest rubber yielding plots is presented here. This data is shown
in Table 3. In all cases the increased density of stand resulted in the greatest
rubber production. Since the maximum age of the plants at harvest time was only
21 months this might be expected. Close to the coast the drier treatments produced
the highest rubber per acre. In the hot climate of the Coachella Valley with the
lighter soils the wettest treatments produced the most rubber. (This is consistent
with the data reported earlier on the sandy soil of the Sill tract.) In only one
case did added fertilizer increase rubber production and that was in the very s~dy

infertile soils at the Bell ranch. Clipping reduced yields at both of the nur
series where it was studied.

Table 3. Tons of shrub, percentage of rubber and pounds of
rubber per acre for the factorial treatment which
produced the highest yield of rubber per acre at
the various nurseries. - From Kelley et al. 2
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The nursery plants were all 10 months old when the experiment was initiated.
They were harvested when 19 months old at the Bell and Carlsbad Nurseries, 21 months
old at the San Mateo Nursery and 23 months old at the Whittier Nursery. TIle highest
yield of rubber per acre was 1336 pounds in 21 months at the San Mateo Nurliery.
During the period of time that this nursery was under experimentation, naDU!ly 11
months, the average monthly yield of rubber was 96 pounds, or a total of 1056 pounds
in 11 months.

From the experiments mentioned here and others conducted on the guayule plant
it is quite apparent that guayule will grow on many types of soil. It appl!arS to
do best on loam or clay loam soils, particularily those soils that have a high
water holding capacity and where the water is held in the soil over a wide range of
moisture tensions. In most soils native fertility seems to be sufficient. In only
a very few highly infertile soils did added fertilizer improve total rubbelr produc
tion and too much fertilizer can lower total production. Within any given environ
mental condition and the varieties used, available water seems to be the mc)st
important single factor affecting the growth and rubber production of guayule. It
will not tolerate a waterlogged root zone, but produces under wide condit:Lons of
soil moisture stresses in the drier ranges. From the data available, it appears
that an environmental condition (including moisture availability) that will provide
for rapid establishment of the crop with alternate periods of hardening-off and good
vegetative growth would provide the best conditions for maximum rubber production
per acre. Since guayule is a good competitor, once it is established, it l~hould

be a valuable crop in the more marginal areas due to low moisture availability.
Much more information is needed to predict the exact conditions required fc)r maximum
growth under varying conditions of soil type, available soil moisture and differing
climatic conditions.

Literature Cited

1. Hunter, Albert S. and Kelley, Omer J. The Growth and Rubber Content of Guayule
As Affected by Variations in Soil Moisture Stresses. Journal American Society
of Agronomy, 1945.

2. Kelley, Omer J., Haise, H.R., Markham, L.C. and Hunter, A.S. Increased Rubber
Production from Thickly Seeded Guayule. Journal of the American Society of
Agronomy, 1946.

3. Kelley, Omer J., Hunter, A.S. and Hobbs, Clinton H. The Effect of Moisture
Stress on Nursery-Grown Guayule with Respect to the Amount and Type of Growth
and Growth Response on Transplanting. Journal of the American Society of
Agronomy, 1945.

4. Muller, Cornelius H. Root Development and Ecological Relations of Guayule.
Technical Bulletin No. 923. U.S. Department of Agriculture, 1946.

Questions and Answers

Question: (Ken Emerson) Most of the discussion of this meeting has centered around
propagating guayule from seeds, and at the same time it has appeared neceslsary to do
at least one transplanting on these. I've wondered, since I know that somle work was
done with cuttings, what you could say about the relative economics of USil~g cuttings
rather than seeds, and rooting from cuttings. Might cuttings not be a way to go in
some cases?
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Answer: (0. Kelley) I probably am not the best person to answer that question;
I suspect that Dr. Bonner and some of the others would be better, but my reaction
to it would be that from an economic standpoint this would not be a good way to go
because there is a lot of labor involved. Everything that I've seen on guayule
indicates that it is a very poor competitor, especially in the seedling stage. If
you have to root it, obviously you can do it, but from an economic standpoint I
don't think this would be the way to do it. It's easy to grow guayule seedlings
if you can keep the competition out. If you want the cuttings, I think you'd have
even more difficulty than you would with the seedlings.

Comment: (H. Benedict) As far as I know, none of the group of about 10 plant
physiologists working at Salinas investigated cuttings •

Dr. Haagen-Smit, from the California Institute of Technology, has two very
short papers he wants to present in discussing some of the unusual organic compounds
that are produced in the guayule plant.

In 1941-42 we were asked to make an analysis of the volatile components of the
guayule rubber, and that was a most tedious work and vitally dependent on the luck
and the skill of the operators. In 1960 Dr. Nimmo built a gas chromatography appara
tus, one of the first made. We thought it would be nice to see if we could improve
upon our work of 1942. What we did in 1942 took us a few months. Now we could do
it practically in a morning.

This slide gives you the results of some of the chromatography analysis of
several variations of different strains of the Parthenium we picked up in Salinas.
This was kind of a sad business to go to Salinas, and only find about eight of the
strains. You see that I listed here the various terpenes, the a-pinene, for ex
ample, is about 55% in this strain A48ll6, whereas there is 18% in 593. Now all
those different terpenes, some of them bycyclic, some of them monocyclic and some
acyclic compounds, have different percentages in the different strengths. I put up
only two so as not to confuse the picture. What is interesting is the great dif
ference between the strengths. For example, in the case of the sabinene and the
B-phellandrene, which is practically absent in A48ll6, it is about 15-20% in the
593. I was also able to find in Salinas one plant of the Parthenium stramonium
and that one had a completely different picture, more like 593. One of the very
interesting things was that the myrcene, the acyclic terpene, was about 20% of the
total terpene fraction. I just want to bring this up because it's such an inter
esting kind of study for finding out the biosynthetic pathways by which the various
terpenes are formed. Not only of course the monoterpenes, but the sesque- and higher
terpenes. This work was originally done to see if there were valuable compounds
that could increase the economic value of the guayule cultivation. I still think
that there is some promise that probably would make some pocket money, but some of
those compounds like myrcene and ocimene, and some of the others, are very hard to
come by synthetically. Perhaps industry may find some use in making medicinals or
some other compounds. I just thought I would bring this to you so that if this
whole project is restored, somebody could really go to work and do an extensive job
on the analysis of the by-product.
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CLIMATIC RELATIONSHIPS IN THE GROWTH AND PRODUCTION OF GUAYULE

Harris M. Benedict
Stanford Research Institute

Introduction

Discussions of climate in relation to plant growth and plant production usually
refer to effects of light, temperature and rainfall. When considering light, three
phases are important: intensity, duration (day length) and quality (wavelength).
Rainfall generally exerts its effects on the available soil moisture. For this
reason there is a possibility that material discussed in this paper may repeat mate
rial presented in the previous paper.

In this paper I propose to present studies that have been conducted to indicate
the climatic requirements of guayule and then illustrate the effects with some ex
periments that have been conducted under more or less controlled conditions. All
of the experiments were carried out in the greenhouses at Salinas, California be
tween 1942 and 1949 under the auspices of the Emergency Rubber Project, Stanford
Research Institute under contract to the United States Navy, and the Agricultural
Research Service.

Methods

Specifically three greenhouse studies will be considered. One, a factorial
experiment in which five-month-old guayule plants were grown for an additional five
months in two levels of light intensity, two levels of soil moisture and two levels
of temperature, and all possible combinations. In a similar study the plants were
grown under two levels of nitrogen availability in nutrient solutions, two levels
of light intensity and two levels of temperature. The different temperatures were
maintained by growing the plants in separate greenhouses, one of which was kept
above 700 during the night but rose to as high as 900 during the middle of bright,
sunny days. The average temperature in this house was about 750 according to ther
mograph records. The other greenhouse was cooled to 700 during the day and kept
above 500 at night, with about a 600 average. The cooling was accomplished through
the use of evaporative coolers, refrigerated coils, plus water flowing over the
house during the sunlight hours.

In each of the greenhouses a frame was constructed over which commodity cloth
was suspended which transmitted about 60% of the incident radiation. The shaded
and unshaded areas provided the two different light intensities.

The levels of soil moisture were provided by growing the plants in l/2-gallon
glazed crocks containing a weighed amount of soil whose field capacity was known
along with its wilting point. To maintain a high moisture level the plants were
watered daily and weighed once a week to insure that overwatering was not occurring.
The low soil moisture levels were achieved by allowing the soil to dry out until
its wilting point was approached as indicated by the weight of the crocks.

The complete and minus nitrogen nutrient conditions were maintained by growing
the plants in sand culture and adding complete and minus nitrogen nutrient ;solutions
as described by Hoagland.

The second experiment to be discussed involves growing the plants in different
soil temperatures but at the same air temperature. The plants were grown in 80il in
cans which were immersed in tanks of water maintained at the desired temper~iture8.
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The third study involved growing the plants in alternating periods of low and
high moisture stress. In this experiment the plants were grown in large boxes of
soil. The soil moistures were maintained at the desired stresses by measuring their
electrical conductivity through-Buoyucas blocks.

Results

Light: Guayule is native to or has been successfully grown from about 220 to
about 420 N and at altitudes ranging from sea level to about 7000 ft. It has been
grown in the overcast coastal valleys of California, such as around Salinas and in
the semidesert high-sunlight areas of Mexico. Thus it would seem that light in
tensity as it normally occurs is not a limiting factor as far as guayule growth and
production is concerned. However, the results of the factorial experiment described
above indicate that under certain circumstances a reduction in light intensity can
markedly reduce the growth and especially the rubber production of guayule. The
data in Table 1 presents the percentage of growth and rubber production of the
plants in 60% of full sunlight with those in full sunlight in the Salinas green
houses. Thus at the higher temperature the plants in the shade weighed only about
half those in full light intensity, while at the lower temperature they were only
about one-fourth the weight. As far as rubber production is concerned, the plants
in the shade produced only one percent of those in the sun. Table 2 shows the
effect of reduced light on plants grown in nutrient solutions containing a high
level of nitrogen. Here again reducing the light intensity greatly reduced the
percentage and total grams of rubber produced.

The range in latitude over which guayule can be grown results in a wide range
of day lengths. In all of these latitudes guayule blooms throughout the year if
temperatures are high enough. This would indicate that guayule is an indeterminant
plant as far as day length requirements for blooming are concerned.

I know of no studies that have been conducted on the response of guayule to
different wavelengths of radiation. However, in its native habitat guayule is ex
posed to considerable variation in the relative amounts of short and long wave
lengths of light because of the differences in altitude and moisture contents of
the atmosphere. Hence guayule can tolerate changes in blue and ultraviolet radia
tion with different amounts of red and infrared.

Temperature: As indicated by the wide range in latitude and altitude at which
guayule can be grown it has a fairly wide range of temperatures that it can tol
erate. Generally speaking it is the lower temperature that limits the regions in
which it can be grown. Under normal conditions guayule should not be grown where
winter temperatures fall below 150 F. However, in areas where there are long dry
autumns and gradually decreasing temperatures which produce an unusual amount of
"hardiness" guayule can stand temperatures as low as zero. Guayule is rather sus
ceptible to winter injury, especially if a sudden freeze occurs after a warm or a
wet spell, such as a very cold autumn day following a late fall. Spring frosts
following early warm spells can often injure guayule. In some instances guayule
plants have been killed by freezes, and where this has occurred the rubber content
of the shrub has completely disappeared in a few days.

While the lower temperatures are critical the higher temperatures are favorable
for the growth of guayule. Thus it does well at temperatures of 900 F. However,
the highest yields of rubber occur during periods of high daytime temperatures
followed by low night temperatures. Average temperatures should be above 750 for
optimum growth and rubber production and should never average below 600 F. Such
low temperatures can result in slow growth and even some mortality.
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Table 1. Ratios, in percent, of guayule plants grown in
shade to those grown in full sunlight with ample
moisture.

Leaves Stems Roots

Dry Weight
750 F. 57 66 27
600 F. 32 32 15

Rubber Percent
750 F. 15 20
600 F. 5 24

Rubber Grams
750 F 1 1
600 F 1 1

Total

52
27

1
1 •

Table 2. Ratios, in percent, of guayule plants grown in
shade to those grown in full sunlight in a high

"nitrogen nutrient solution.

Leaves Stems Roots Total

Dry Weight
750 F. 45 44 19 38

:l
600 F. 56 54 32 47 •j

Rubber Percent!

750 F. 10 14,
600 F. 5 22,

~.

-1

Rubber Grams .-
750 F. 6 3 4
600 F. 4 5 4

Tables 3 and 4 show the responses of guayule plants to mean temperatul~es of
600 and 750 F. When the plants were grown in soil of different moisture c()ntents
the plants in the lower temperature made less growth than in the higher tetmperature,
with the exception of the roots at the higher moisture content. The rubber per
centage in the stems at the low temperature was about 40 percent higher thiln in the
high temperature, although in the roots the percentage of rubber was lower in the
low temperature treatment. The actual yield of rubber in grams per plant ~las also
lower in the lower temperature than in the higher temperature.

In sand culture (Table 4) the lower temperature reduced the growth of the
plants as was true in soil but also the rubber percentage in the stems as ~lell as
in the roots. In other words, the results of both soil and sand culture studies
show that at temperatures averaging 750 the rubber production of the plant!J was
about 40 percent higher for soil grown plants and about 200 percent higher for sand
cultured plants than in temperatures averaging about 600 F.
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Table 3. Ratios, in percent, of guayule plants grown at
about 600 F. to those grown at about 750 F. in
full sunlight but under different soil moisture
contents.

Leaves Stems Roots

Dry Weight
High Moisture 80 68 102
Low Moisture 66 50 83

Rubber Percent
High Moisture 137 74
Low Moisture 141 95

Rubber Grams
High Moisture 93 75
Low Moisture 73 79

Total

83
68

82
75

Table 4. Ratios, in percent, of guayule plants grown at
about 600 F. to those grown at about 750 F. in
full sunlight but under different nitrogen levels
in nutrient solutions.

Leaves Stems Roots..
Dry Weight
High Nitrogen 87 60 77
Low Nitrogen 68 54 80

Rubber Percent
High Nitrogen 42 40
Low Nitrogen 55 54

Rubber Grams
High Nitrogen 22 31
Low Nitrogen 29 43

Total

77
60

25
35

The results presented have related only to air temperatures with soil tem
peratures about the same. Studies have been carried out on the responses of guayule
plants to different soil temperatures in a constant air temperature. Table 5 shows
the dry weights and rubber content of plants grown in soil temperatures ranging
from 450 to 95° F. in an air temperature of 750

• The maximum stem and leaf growth
occurred at 850 while the maximum root growth was found at 650 • The rubber percent
age of both the stems and roots was highest at the lowest soil temperature and
decreased as the temperature increased. The maximum amount of rubber per plant was
produced in the stems at 850 and in the roots at 650 • There was no significant
difference in the total amount per plant from 650 to 850 F.

In this study a soil was used which provided a continuous rate of growth
throughout the experiment. In another trial a soil was used which gave rapid
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Table 5. Dry weight and rubber content of plants grown in different soil
temperatures with an air temperature of 750 F.

Soil temperature in degrees F.

45 55 65 75 85 95

Dry Weight
Leaves 5.1 8.4 23.2 30.6 35.4 :27 .8
Stems 2.6 5.7 13.4 18.1 25.0 16.7
Roots 2.2 3.6 7.9 6.8 6.5 5.2
Total 9.9 17.7 44.5 55.5 66.9 ,~9. 7

Rubber Percent
Stems 4.7 2.8 1.8 1.5 1.1 1.0
Roots 3.6 2.3 1.5 1.3 1.0 0.7

Rubber Grams
Stems .122 .160 .241 .272 .275 .167
Roots .079 .083 .119 .088 .065 .036
Total .201 .243 .360 .360 .340 .203

initial growth for the first few months than very slow growth the remainder of the
test. In this instance the rubber percentage in the roots decreased between 40 and
70 degrees but then increased between 70 and 80 degrees. This stress of high tem
peratures applied when the plants were making little growth seemed to result in
increased rubber formation. This would suggest that high soil temperatures per se
do not reduce rubber formation but that there are interactions with other growth
factors.

Rainfall: A minimum rainfall of about 15 inches per year is required for good
growth and rubber formation in guayule. However, where temperatures are 10'111 such
as some of the coastal valleys of California, satisfactory yields may be obtained
with as low as 11 inches per year. Similarly more rainfall may be required in
areas of higher temperatures. Distribution throughout the year is also important.
Dry spells associated with cool temperatures seem to favor rubber accumulation. In
certain areas rainfall during the warm summer months may favor disease infestation.
It is generally recommended for dry land culture that there be ample moisture in
the spring and early summer and also a dry period before the winter months. Such a
dry period may favor rubber accumulation but it also develops frost resistance in
the plants. If the rainfall exceeds 25 inches there is a tendency for large plants
with a low rubber percentage to develop.

Some of the effects of varying soil moisture which is of course related to
rainfall are shown in Tables 6 and 7a, 7b and 7c. When the plants were grown in
high soil moistures regardless of the temperature the plants made better growth
than in low soil moisture. However the effect was much less on the roots than on
the stems and leaves. While a lower soil moisture resulted in poorer growth it
did produce an increase in rubber content of the plants. This was true of both
stems and roots at two temperatures. However the increase in rubber percentage did
not compensate for the loss in dry weight and the rubber per plant was less in the
low soil moisture treatment.
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Table 6. Ratio, in percent, of guayu1e plants grown in low
soil moisture to those grown in high soil moisture
in full sunlight but in two different temperatures.

Leaves Stems Roots Total

Dry Weight
740 F. 54 57 67 59
600 F. 45 42 55 47

Rubber Percent
750 F. 163 104
600 F. 168 133

Rubber Grams
75 0 F. 93 70 83
60° F. 73 73 73

Table 7a. Dry weight of guayu1e plants grown for fourteen months under
different watering regimes.

Duration of Treatment - Months
2 4 6 8 10 12 14

Stems
A 1.3 4.3 17.2 23.5 29.1 36.9 63.6
B 3.3 14.3 23.6 26.5 35.0 54.8
C 4.2 20.2 28.3 50.0
D 29.1 40.9

Roots
A 1.3 4.1 7.6 9.0 12.5 13.3 18.2
B 3.7 5.5 8.8 10.6 11.1 17.3
C 4.1 8.4 11.2 14.0
D 12.5 11.8

Values at end of dry periods are underlined.
',1/IfI'
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Table 7b. Rubber percentage of guayu1e plants grown for fourteen months
under different watering regimes.

Duration of Treatment - Months ..,
2 4 6 8 10 12 14.

Stems
A 3.3 3.6 2.0 2.7 2.5 1.4 1.8
B 5.2 2.7 3.8 3.4 2.2 2.3
C 3.6 4.5 2.6 4.0 ...D 2.5 3. ~.

Roots
A 2.5 0.4 1.3 2.2 1.8 1.5 1 -,.,
B 1.5 1.2 2.8 2.3 2.2 1.8
C 0.4 3.6 2.8 3. ~~

D 1.8 2. j'

Values at end of dry periods are underlined

Table 7c. Rubber content in grams of guayu1e plants grown for fourteE~n

months under different watering regimes.

Duration of Treatment - Months
2 4 6 8 10 12 H

Stems
",.

A .04 .15 .34 .63 .73 .52 1.14
B .17 .39 .90 .77 .77 1. ~~6

c .15 .91 .74 2.00
D .73 1.~13

Roots ....1

A .03 .02 .10 .20 .23 .20 .31
B .06 .07 .25 .24 .24 .31
c .02 .30 .31 •~18
D .23 .32

Total
A .07 .17 .44 .83 .96 .72 1.~15

B .23 .46 1.16 1.14 .98 1.57
C .17 1.21 1.05 2.48
D .96 1. i'5

Values at end of dry periods are underlined
"'4lJ,
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Another study was completed in which guayule plants were grown under dif
ferent irrigation regimes. The original design called for growing the plants for
16 months under the following conditions:

A. At a high moisture level throughout.
B. At alternating high and low soil moisture levels of two months duration,

resulting in four moist and four dry periods and ending after a dry
period.

c. At alternating high and low moisture levels of four months duration re
sulting in two wet and two dry periods and ending after a dry period.

D. Growing the plants for 10 months at a high moisture level followed by
six months at a low level.

However, because of the termination of the work, the study had to be discontinued
at the end of 14 months. This resulted in Treatment B ending after a wet period
and Treatment C after only two months of the final dry period, Treatment C receiv
ing only four instead of six months drought. The results on the dry weights of the
plants are shown in Table 7a, the rubber percentages in Table 7b and the rubber per
plant in Table 7c.

The two-month alternation treatment had almost no effect on the dry weight of
the roots and stems. The plants in Treatment C and D had successively less dry
weight than the controls. Table 7b shows that at the end of each dry period the
percentage of rubber in the plants exceeded that of the controls. The results
also show that during a wet period the percentages dropped. The highest rubber
percentage at the end of the study was found in the plants on the four-month cycle,
or Treatment C. Treatment D had the next highest percentage followed by Treatment
B and the checks or the plants in continuous high moisture, as expected, had the
least. As far as grams of rubber per plant are concerned, Treatment C far out
yielded any of the others.

There is an interesting result noted in these data in relation to the growth
and formation of rubber during the months from November to March or from the
eighth to the twelfth month of the treatments. There appears to be slow-down in
growth during this period but also there was no accumulation of rubber on a grams
per plant basis. (The apparent loss is not significant.) This suggests that there
may be some seasonal effect associated with the winter months (low light intensity
perhaps or even day length) which interfers with rubber production. This observa
tion led to a small study in which guayule seed were planted ten days before each
equinox and each solstice and halfway between these dates. The plants were allowed
to grow for three months when their dry weight was determined. Soil conditions
and temperature were maintained as constant as possible throughout the study. The
plants that emerged during the period from September 21 through December 21 made
the poorest growth. while those that emerged between March 21 and June 21 made the
greatest growth--that is, had the greatest dry weight. This difference may be
related to light intensity at the different times of the year. With modern environ
mental control chambers it might be interesting to examine the effects of increas
ing and decreasing day lengths.

Nitrogen supply: While the availability of nutrients is not truly a climatic
factor in the factorial study referred tO,the responses of guayule to temperature
and light intensity under high and low nitrogen conditions were investigated. As
a matter of completeness some of those results are presented here. Table 8 shows
the relative growth rate and rubber content of the plants grown in low nitrogen
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Table 8. Ratio, in percent, of guayule plants grown in
low nitrogen to those grown in high nitrogen
nutrient solutions in full sunlight at two
different temperatures.

.,

Leaves Stems Roots

Dry Weight
750 F. 54 35 52
600 F. 43 30 53

Rubber Percent
750 F. 113 80
600 F. 147 108

Rubber Grams
750 F. 38 41
600 F. 50 47

Total

49
43

39
53

nutrient solutions to those grown in high nitrogen solutions at two temper'atures
in full sunlight. Decreasing the nitrogen supply decreased the growth rate in both
temperatures by about the same amounts. As would be expected the plants 1,n the low
nitrogen solutions had a higher rubber percentage and the increase was gre:ater in
the lower temperature. The grams of rubber per plant, however, followed the trend
of the dry weights. That is the increase in rubber percentage at low nitrogen
levels did not compensate for the decrease in total weight of the plants under
these conditions. When the plants were grown in the shade, however (Table 9), the
increase in rubber percentage at the low nitrogen level did compensate for the de
crease in dry weight. While the results in Table 9 indicate that the rubber content
was increased by as much as 80% in low nitrogen solutions the actual percentages
were very 10w--.07% to .13%.

Table 9. Ratio, in percent, of guayule plants grown in
low nitrogen to those grown in high nitrogen
nutrient solutions in shade at two different
temperatures

Leaves Stems Roots Total

Dry Weight
750 F. 54 56 61 55
600 F. 52 50 63 52

Rubber Percent
750 F. 170 143
600 F. 186 161

Rubber Grams
750 F. 100 100
600 F. 100 100
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Discussion

As a result of the observations and experiments on the responses of guayule
to climatic conditions there appear to be some contradictions that need to be
resolved. It is generally assumed that any factor which will apply stress to the
plant will result in increased rubber percentage and increased rubber yields.
However, there are many reports which indicate that there was no increase in rubber
when the stress was applied. For example, a drought stress applied between Novem
ber and March, Table 7c, under optimum temperatures in a greenhouse did not result
in an increase in total rubber. However, when the stress was applied in the spring
when growth was very active, considerable increases in rubber occurred. In the
studies reported on here the maximum amount of rubber per plant occurred in the
plants having the highest dry weight regardless of the rubber percentage. While
subjecting the plants to drought, low temperatures and low available nitrogen did
significantly increase the rubber percentages, these increases in percentage did
not compensate for the reduced growth that accompanied the stress as far as rubber
per plant was concerned.

Summary

In this paper the requirements of guayule for the climatic conditions of light
intensity, temperature and rainfall have been discussed along with some responses
of guayule to controlled changes in these conditions.

The results indicated that guayule requires fairly high light intensities to
achieve maximum growth and rubber production and that shading or reducing the light
intensity by 40% in the Salinas area had a greater effect on rubber production than
changes made in temperature and soil moisture.

Guayule is a plant that grows best in relatively high temperatures, 800 to
900 F. It is intolerant of temperatures that average below 600 F. However, the
plant grows well and produces the maximum yield of rubber when day temperatures
are above 800 but night temperatures drop below the 600 to 700 range. Guayule is
sensitive to frost and freezes. It has been known to withstand temperatures as
low as 00 but it normally does not produce well where temperatures normally drop
below 150. Frost injury occurs readily if the plants have not received so-called
"hardening off" conditions before the frost occurs.

Where irrigation is not available or feasible, the plant grows best in areas
where the rainfall lies between 15 and 25 inches per year. Under lower rainfall
it does not make sufficient growth to make satisfactory rubber yields. In areas
of rainfall higher than 25 inches the shrub tends to have a relatively low rubber
content. The shrub will withstand long periods of drought that is several months.
Rainfall distribution through the year is almost as important as total precipita
tion. A high rainfall during the first half of the growing season followed by a
dry period of a few months seems to be the optimum conditions for rubber produc
tion. There should not be much rainfall during the fall just before the winter
temperatures set in, as this makes the plants sensitive to winter kill.
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CALIFORNIA INDICATOR PLOTS 1942-43

W.A. Campbell and H.W. Reynolds
Guayule Researchers, Emergency Rubber Project

The guayule rubber production program was launched early in 1942 with a tre
mendous sense of urgency. The Forest Service was selected as the logical action
and operational agency based on a record of crisis-solving efficiency and its re
sources of trained men and equipment. It also had a general staff geared to emer
gency situations. It was prepared to draw heavily on the agricultural exp,erience
of the Soil Conservation Service and the experience of the Shelterbelt Project in
growing plants under difficult climatic conditions. Under the name of the Emer
gency Rubber Project it took over fhe secrets, seed and assets of the Interconti
nental Rubber Company at Salinas and proceeded to develop large-scale nurseries for
the production of the millions of seedlings that would be required for large-scale
field plantings.

The Agricultural Research Administration, through the Bureau of Plant Industry,
Soils and Agricultural Engineering, was charged with the necessary research respon
sibilities. The first research task called for the establishment of indic,ator
plots from California to Texas. These plots were designed to test the suitability
of different soils, climate, varieties, spacing, and cultural treatments on guayule
growth and rubber yields. Many were placed in undeveloped areas and on sites mar
ginal for agricultural purposes to test the feasibility of the then nonproductive
areas for farming rubber. Others were located in intensively farmed and irrigated
areas in order to test the effects of good agricultural practices on growth and
rubber content. At the beginning of the program the planners recognized our basic
need for rubber and, if the need became critical, the possibility that good agri
cultural land would be called upon to produce rubber.

Time was precious and at a premium. Little could be spared for the careful
planning that customarily precedes large-scale research operations. The experience
of the Intercontinental Rubber Company indicated that successful plantings were
difficult to guarantee after March in California. A hurried meeting of th4~ minds
in Washington produced the design for one-acre indicator plots wherein two varieties,
406 and 593, would be tested at three spacings and under dry and irrigated condi
tions. The plots would be scattered from the northern tip of the Sacramento Val
ley, through the San Joaquin Valley to the dryer areas of south and coastal
California. Plot locations would be selected under advice of soils experts and
would encompass potentially suitable soils having possibilities for operational or
commercial plantings.

Dr. H.W. Reynolds and I arrived at Salinas early in March. We found the weather
warm, cloudy and wet. Rainfall had been above average at Salinas and the small
nursery that was to provide the necessary planting stock had encountered drainage
problems. Many of the seedlings suffered from root rot. We did not know cit the
time that the nursery was also heavily infected with verticillium wilt.

In order to get the plantings made in the estimated month still remaining in
the planting season Reynolds and I divided the state into two parts. Reynolds with
Frank Young, a soil scientist, headed north into the Sacramento Valley. I joined
forces with John Retzer to work the San Joaquin Valley and further south. John had
had experience in this area and was invaluable in plot location. He also Joined 1n
the physical labor of actual planting and enjoyed the agony of protesting rnuscles
brought on by our unaccustomed stoop labor.
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By the time leases were negotiated, arrangements made for site preparation and
plot layouts, time became in short supply. It was necessary to simplify the com
plicated plot layout which proved too time-consuming on the first trials--and go to
a design wherein the two varieties were tested at one spacing. An added reason
for simplification stemmed from the seedling supply. Because of root rot, etc.,
seedlings fell short of all demands making conservation essential.

Survival after one year, for the plots for which I could locate records,
ranged from 35 to 85 percent, with an average of 66 percent for 17 plots. This
relatively high survival figure for guayule attests to its ability to endure un
favorable conditions and poor conditioning for field planting. The 1942 crop had
started to grow in the nursery and was not completely dormant. In addition it has
suffered from wet feet. Furthermore the packaging for transportation as practiced
by the Intercontinental Rubber Company was geared to colder conditions than we en
countered in March and April. Heating took place in some of the boxes and some
plots were planted with seedlings whose survival was recognized as problemental.
Survival dropped off for a number of reasons: in irrigated plots from too much
water during hot weather and the attendant bacterial rot of Phytophthora disease.
The seedlings infected by verticillium in the nursery often failed to develop, be
came stunted or died.

Figure 1 shows the location of 26 indicator plots in relation to nearby towns
or cities. Tables 1 and 2 detail the names and designation, soil type, size and
date when the planting was completed for those made by Campbell and Reynolds. By
the end of April soil moisture and temperatures made survival questionable on the
dryer sites. In addition to the 18 plots recorded on the tables, more plots were
planted in the Imperial Valley in Southern California and along the edges of the
San Joaquin Valley. I have no knowledge or data on these later plantings.

Several samplings for rubber content were made in the summer of 1943. They
first experimented with samples bearing leaves. This procedure had its problems
so another sampling was made in July of 1943 and the rubber content determined on
defoliated shrub. Table 3 presents some data comparing yields of varieties 593 and
406 under dry and irrigated culture. These data were restricted to the 28 x 24
spacing. It shows that greater yields of rubber were obtained after one year on
irrigated land; also that rubber percentages were high in some plots under irriga
tion. While rubber percentages were high in some nonirrigated plots, the rubber
yield per acre was low because of the small size of the shrub.

Some conclusions as to the effect of spacing can be found from data from a few
selected and comparable plots. This data, in Table 4, presents yield in pounds of
rubber per acre. In general, after one year, more rubber was produced from the
closer spacings. There are reversals in the trends stemming in part from shrub and
rubber content figures derived from plots whose spacings varied because of poor
survival. Hence when data from plots compromised by low survival were converted
to 100 percent stocking the biological effects of growing space entered the picture.

Later more intensive experiments furnished better data on all the variables
supposed to be explored in the indicator plots. Large-scale field plantings were
made in some areas where indicator plots had been established which afforded a
larger basis for experience in guayule culture than the plots could afford. Spacing
and rubber yields were studied in field experiments. Size and rubber yields were
often in inverse relation; the larger the shrub, the lower the rubber percentage but
the higher the yield per acre. It then became an exercise in economics for the
processor and management to determine at what point rubber percentage and yield in
terms of shrub tonnage represented the most profitable compromise.
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Figure 1. Locations of Indicator Plots in California
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Table l. Guayule Indicator Plots, California (North).!.!

Date
Nearest Town County Size Soil Finished

Acres
Willows Glenn 1 Silty-clay 3/28/42
Pleasanton Alameda 1 Fine sandy 3/29/42

loam
Willows Glenn 1 Columbia 4/2/42

sandy loam
Davis Yolo .25 Yolo silty 4/8/42

loam
Willows Glenn 1 Fine sandy 4/9/42

loam
Davis Yolo 1 Yolo silty- 4/25/42

loam
Gerber Tehama 1 Sandy loam 4/26/42
Gerber Tehama 1 Silty-loam 4/26/42

l/Established by H.W. Reynolds
Row spacing 28" each
Half of plot irrigated except Davis, which was 100% non

irrigated

Table 2. Guayule Indicator Plots, California (south)l/- Date
Nearest Town County Size Soil Finished

Acres
Coalinga Fresno 1 Panoche 3/22/42

• fine sandy
loam

Dos Palos Fresno 1 Panoche 3/25/42
silty-clay

Mendota Fresno 1 Panoche 4/1/42
silty-clay

Shafter Kern .75 Hesperia 3/27/42
sandy loam

Palmdale Los Angeles 1 Hesperia 4/17/42
sandy loam

Little Rock Los Angeles 1 Cajon fine 3/20/42
sandy loam

Banning Riverside 1 Ramona 4/11/42
sandy loam

Hemet Riverside 1 Sandy loam 4/12/42
Moreno Riverside .9 Hesperia 4/11/42

fine sandy
loam

Garey Santa 1 Yolo loam 5/4/42
Barbara

l/Established by W.A. Campbell and John Retzer
All row spacings 28" except Little Rock, 30"
All irrigated except Banning, Hemet and Garey
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Table 3. Rubber yields, California plots, sampled July, 1943.11

•

l/After one growing season
~/Data for 28" x 24" spacing except Little Rock which was 30" x 30"
l/Varieties

Dry

593 593 406 406
% 1bs. % 1bs.

1.95 83 2.41 16
LOS 17 .82 16
3.12 24 2.36 24
1.08 19 .84 15
1.73 47
3.60 61 3.23 80

3.37 38 2.26 30
1.24 41 .93 31
2.07 63 2.29 82
3.87 101 3.86 105
2.50 82 2.28 79
2.27 73 3.42 108
3.19 139 3.50 153
4.08 212 3.19 166
3.72 77 3.34 72

2.74 290 2.12 107

P1ot~/

Spencer - C-1
Gerber - C-2
Willows C-4
Davis - C-9
Pleasanton - C-15
Salinas C-50
Dos Palos C-51
Mendota C-54
Coalinga C-60
Shafter C-63
Lit tIe Rock - C-71
Hemet - C-73
Banning - C-74
Indio - C-78

4.59
3.92

18
16

4.16
3.38

15
15

593
%

IrrigatE!d

593 406
1bs. %

40611
1bs.

•

•

•

•

Table 4. Effect of spacing on rubber yields for California plots.

NONIRRIGATED

•

IRRIGATED

115
134 134
135 86
261 275
228 103
172 173

Plot~1

Spencer - C-l
Pleasanton - C-15
Salinas C-49
Salinas C-50

Pleasanton - C-15
Salinas - C-49
Salinas C-50
Indio C-78
Coalinga C-60
Shafter - C-63

59)!1

30" 24"
1bs. 1bs.

44 83
39 47
64 46
47 61

42 63
60 92
61 101

245 290
112 139

212

12"
1bs.

63
86

100
102

30"
1bs.

49

43
49

406.!/

24"
1bs.

61

59
80

82
101
105
107
130
166

142

87
97

148
126
140
214
258
233

•

•

II
- Variety
'l:./Rows 28" apart, spacing in row
l/Yie1d in pounds rubber from shrub with leaves removed; after one year. Samples

taken in July, 1943
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Disease losses in indicator plots in California paralleled disease losses in
plantations. Irrigation, whether carefully done or not, during high summer temper
atures favored several root rots as well as killing from lack of oxygen in puddled
areas. On poorly leveled land losses were generally heavy in low places in the
field or at the ends of the rows. Verticillium wilt which was present in the Salinas
Nursery also occurred in cotton land and in land farmed to other crops. Irrigation
or rain, when temperatures were low--that is below 650 F.--reduced the danger from
root diseases. Water could be stored in the soil during the winter when tempera
tures were low and be utilized as the season progressed.

In summary, indicator plots served a purpose. However, the planting program
reached its peak of 30,000 acres before evaluations could be had from the plots.
All that these plots actually showed was that guayule could be grown with or with
out irrigation in many areas in California. The cool coastal areas produced the
most rubber without irrigation as per the Intercontinental Rubber Company experience.
Variations in spacing, survival and cultural conditions made comparisons between
plots difficult. In the final analysis all that could be concluded was that guayule
would grow and produce rubber from Red Bluff to Indio. The period under observation
was too short for meaningful conclusions as to the hazards from infrequent climatic
insults at the various locations.

RESULTS FROM THE NEW MEXICO AND TEXAS
GUAYULE INDICATOR PLOTS

John T. Presley

The New Mexico Indicator Plots were located at Animas, Deming, Artesia, Loving,
Roswell, Las Cruces and Albuquerque. Survival was fairly good where irrigation was
available but we soon learned that a post-plant irrigation was necessary in the
arid and semiarid Southwest, for establishment. The Animas plot survived for only
six months without irrigation. Plots in New Mexico and Texas provided information
on the effects of low temperature on guayule. The Roswell plot was severely in
jured by a 70 F. temperature and the Albuquerque plot did not survive a _20 F.
temperature. Considerable loss occurred on the Las Cruces plot from Phytophthora
root rot. Guayule is predisposed to Phytophthora root rot by prolonged irrigation
application; 24 hours or more appears to provide sufficient time for infection,
particularly at the ends of the rows nearest the water outlet. A few wild guayule
plants, transplanted from Southwest Texas by Dr. O.F. Cook and Lon Lytton, were
still alive at the Las Cruces Field Station when the Emergency Rubber plot was
established.

There were 29 indicator plots planted in Texas. I have listed the plots but
in the interest of brevity I will not read the different locations. The plots were
located on many soil types from Edinburg to Lubbock, thus covering most of the State.
Location of Texas plots: Valentine, San Antonio, Lubbock, Ord Gary, El Paso Valley,
Pecos (2), Madera Valley, Leon Springs (2), Ft. Stockton, Del Rio, Weyerick, Eagle
Pass, Carrizo Springs, Rio Grande City, Kingsville, San Angelo, Candelaria, Casa
Peidra, Fawcett #1, Winter Haven, Pecos, Presidio (2), Pearsall, Hebbronville and
Linn.
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So far as establishment and survival are concerned, our experience in Texas
was quite similar to that in New Mexico. The Lubbock plot failed to survive a
-50 F. temperature. El Paso, Pecos and Balmorhea plots were injured by cold. At
Edinburg the tender leaves of recent transplants were injured by a temperature of
260 F. which lasted for a few hours •. Some of the Texas plots failed partially or
completely because of insufficient moisture for the transplants to become estab
lished. However, both the New Mexico and Texas plots furnished a wealth of valu
able information on areas suitable for guayule production as well as on the best
procedures to use in establishing the plantings.

Diseases of Guayule

Nursery Diseases: Pythium and Phytophthora root rots, Sclerotinia !£lero
tiorum, Sclerotinia minor and Botrytis seedling rots, also verticillium wilt. Some
nematode damage.

Transit and Storage: ~. sclerotiorum, ~. minor and Botrytis.

Field Diseases: Verticillium wilt, Phymatotrichum root rot, Phytophthora root
rot, Diplodia die-back, Sclerotium bataticola, ~. sclerotiorum, ~. minor, Fusarium
~., Rhizoctonia ~., and Sclerotium rolfsii. An undescribed bacterium has also.
caused severe losses in several California plantings.

EXPERIMENTS WITH GUAYULE IN ARIZONA

R.H. Hilgeman
Guayule Research, Emergency Rubber Project

Data was obtained from the Progress Report for 1943 and 1944. The major prob
lem was to determine irrigation procedures to reduce loss from Phytophthora drech
sleri and obtain maximum rubber at least cost.

Tests were made near Glendale, Laveen, Gila Bend, Casa Grande and Gilbert in
soils ranging from silt 10ffill (Field cap. 21 to 33%) to fine sandy loam (Field cap.
9%). Water was applied frequently and with a fall stress period by flooding, in
furrows and in alternate furrows on each side of a pre-formed bed.

Disease losses ranged from 55% in flooded, frequently irrigated silt loam soil
to 1% in alternate rows in fine sandy loam. Almost complete loss occurred in low
places where water covered crowns. Perfectly leveled fields are required. All
losses occurred between May and October when soil temperatures were above 27 0 C. at
15 em depth. Rubber ranged from 5.0% to 7.6% and yield from 139 to 310 lbs/A at
one year.

Bi-weekly plant analysis showed rubber was not produced during the growth
period between April and September. Most rapid rubber accumulation occurred in
November and December and continued through March. Stress 1n October Jnduced higher
rubber percentage.

Irrigation tests in silt loam soil holding 18 acre-inches of water in the
upper 8 feet showed irrigations in March and August produced as much rubber as 7
irrigations during the year. About 300 pounds of rubber/acre were produced per
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year. The deep-rooted plants removed all available water to a depth of 8 feet.
Frequent irrigations increased size of shrub but reduced rubber percentage. Tests
in fine sandy loam showed 4 irrigations were required to produce maximum rubber.

Direct seeding on edges of lettuce type beds in March were highly successful.
An estimated 400,000 plants per acre were produced in the unthinned rows 14 inches
apart and rubber yield was 235 pounds/A at one year. This type of seeding can be
done to provide transplants. It may be practical for large direct seeded fields.

Time of transplanting tests with plants grown at Phoenix showed survival as
follows: Nov. 10, 12%; Dec. 21, 72%; Feb. 1, 88%; Mar. 14, 54%; Apr. 20, 22%.
Storage for 6 weeks reduced survival. Large field transplanting had a high sur
vival of 80 to 88% in January and February plantings.

Comment: (Dr. Uribe Ruiz) The IMIQUIVE (Mexican Institute of Research for Plant
Chemical Industries) is applying methods for somatic reproduction of guayule. We
have worked nearly two years in the matter. Preliminary results are encouraging
especially because old wood cuttings could be used. We reserve for our field of
research in the future exploring root grafting and mutations in the guayule plant.
The mutations are induced by physical and chemical agents. Both lines of scien
tific activity are designed mainly for Mexican conditions of accessible hand labor.
In IMIQUIVE main activity is concerned with domestication, that is agriculturiza
tion of wild plants with economical value.

GENETICS AND PLANT BREEDING

Reed Rollins

Most of the talks have assumed that guayule is guayule is guayule. However,
the fact is, this is one of the most complex species of plants that I know about.
It is complex in different ways. It is complex because one of the common modes of
reproduction is apomixis. This was one of the primary discoveries that we made
fairly early. What this means is that all of the introductions and so-called
developed strains that were in cultivation. with a few exceptions. have not changed
materially from the wild material. During the period of Dr. McCallum's work and
selection. over a period of more than 20 years. no fundamental changes had taken
place in the material that had been introduced from wild sources. What happened
was that he made many trials on many different introductions. These were tested
and those that were no good were thrown away. When he found one that was worth
while he kept it. But he kept trying one introduction after another. Unfortun
ately, his attempts to improve these by selection were a failure because of
apomixis. Practically all of the introductions that were made during the period of
the Emergency Guayule Rubber Project similarly remained just like the wild material
because they were largely apomictic.

For those of you who do not know what apomixis is, I think I should explain
this a little bit. As you know. in the higher plants there is double fertilization
and if double fertilization does not occur, in other words if the egg is not fer
tilized, you do not get genetic segregation and recombination. What happens in
guayule is that one-half of the fertilization process takes place. that is to say,
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one of the male nuclei fertilizes the polar nuclei in the embryo sac. That gives
rise to the endosperm. In these apomictic forms there is no chromosome r,eduction
in the egg cell. The embryo develops from a nonfertilized nucleus. Thus, the
inheritance is strictly maternal. It is comparable to taking a cutting off the
parent plant and growing that into anew plant. The new plant is exactly like the
plant from which the cutting was taken. In guayule this happens via seed, however,
which is the reason we term it apomixis. I consider this to be one of the most
important discoveries made by the genetics and plant breeding group because for
the very first time, it permitted us to begin to do some breeding work. :However,
this never got off the ground because it took a little while to find this partic
ular fact out. We had first of all to grow our material to a point where we could
manipulate it. We carried on a pollination program and we had to grow our plants
up to the point where we could see what our progenies were showing us. ~hen we got
to that point, it was as plain as the nose on your face that all the varieties then
in cultivation were apomictic.

If we were restricted to the use of apomictic plants, this would be a great
limitation on any kind of breeding work with guayule. Apomixis poses limitations
on crossing between strains; it poses limitations on any selection that might be
practical, the development of inbred lines and all this kind of thing. In other
words, it could have been a serious obstacle to the usual methodology for improving
guayule varieties. However, fortunately it is true that all of guayule i:8 not
apomictic. It was also fortunate that in the first series of seed introductions
that were brought in during the guayule project, the collections made by Dr. Leroy
Powers and others who went to Mexico at that time, included some seed stalks that
were completely sexual with normal reproduction. So the possibility of doing the
usual type of breeding and ordinary selection was present in this early material.
It took us a while to find this out because, first of all, no one suspectled that
apomixis was the rule and that apomixis was present in the strains that wlere
then in cultivation. The finding of sexual material came about only after tests
were made.

The second maj~r discovery that took place was the presence of polyploidy
within guayule. This polyploidy turned out to consist of 2n = 36 chromoslome pop
ulations, populations with 2n = 54 chromosomes and populations with 2n = 72
chromosomes. Individuals were found with 2n = 90 chromosomes and some with 108
chromosomes and even higher polyploidy levels. This is not esoteric information.
It provides us with a basis for doing all sorts of breeding manipulations which I
will demonstrate to you. One of the important things we discovered was that the
36 chromosome plants were also the sexual plants. So the diploids were the sexuals,
the 'polyploids the apomicts. This information was important because it gave us a
handle to go into the field for example and pick polyploids, or apomicts or
sexuals. I can do this with a hand lens .. I can go into the experimental field or
into the wild populations of Mexico and look at the material with a hand lens and
predict whether I am looking at a diploid or a polyploid. I will show you why this
is so simple. There are correlations between size features of guayule plants and
chromosome number. For example, pollen size correlates with the chromos~ne number.
Smaller grains are in the 36 chromosome types, larger grains are present in the
higher chromosome types. There is a correlation between the size of the fruit
complex and the chromosome number. I should digress at this point, I suppose, and
say that what everyone here has been calling seeds are not seeds in the tlechnical
sense. They are fruits. Now in common parlance they are called seeds. There
is no reason to change that, but technically they are fruits. There is one fruit
per flower, and what people call flowers are really inflorescences. What you see
on the guayule plant, these little round things, are inflorescences. There is
more than one flower in each one of these inflorescences.
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In fact, there are five fertile flowers in each inflorescence. The number is
greater in some of the other species of Parthenium, however. The number of mar
ginal fertile flowers runs up to as many as 10 in some of the species. But tech
nically, if I refer to it as a fruit complex, what I mean is the little black
structure which when thrashed--when the bracts are thrashed off--everybody calls
seeds. The fruit complex includes the achene plus the bracts that are present
which hang on to it at the time of shedding. So the size of the fruit complex
also varies with the chromosome number. We can use that as a key way of finding
polyploids and/or apomicts. I am not sure that all polyploids are apomicts. We
know that the ones that were introduced and certain ones we worked with were apo
micts, but we don't know that there aren't some strains, some wild populations of
a high chromosome type in Mexico or Texas that are sexual. There hasn't been
enough work done to know. But what I look at to tell whether I'm dealing with a
diploid or a polyploid are the trichomes. The trichomes are structures that occur
on the leaf surface and they also vary in size, correlated with chromosome number.
So there is a very practical value to knowing something about the size of these
trichomes and something about their nature. You can simply look at the leaf with a
hand lens to see trichomes. If you are used to looking at size relationships, you
can predict just from looking at the trichomes whether you are dealing with a 36,
54, 72 or a higher chromosome type. The importance of having a quick and easy way
of assessing polyploidy does not show up so much in working with the cultivated
materials as it does in looking for particular genetic stalks of different chromo
some levels that one may wish to use. Guayule occurs over a wide range, and if a
successful program is initiated again it is going to be necessary to go into the
field armed with the knowledge we now have and introduce the kinds of germ plasm
that we really want to work with--and not leave it to the haphazard way in which it
was done in the past.

Another feature that guayule has that seems to occur frequently is haploidy.
This is particularly true from the polyploids. Haploidy means that the chromosome
number is reduced, say from 72 to 36 in this case. This happens spontaneously. At
Stanford where I was working with some of this material after the project closed
down, I had a whole row of haploids that had occurred spontaneously in two or three
different lines. Now when that happens, the egg has a reduced chromosome number
because meiosis has occurred, but the stimulus for apomictic development is still
there and the egg in the reduced condition produces a new plant. In this way, there
is the possibility of getting segregation in an apomictic line. This is valuable to
the breeder because if he has a good line he wants to work with, he can obtain seg
regation in this way. Then he can cross it back to a polyploid to bring the chro
mosome number back up again. Thus he will have had some segregation in the families
of plants that he was working with providing a basis for selection.

The third important discovery I think we made in our program was that hybrid
ization takes place between guayule and mariola, naturally, and it can also be done
in the laboratory. The reason this is important is that it again permits us to
assess what is present in the wild and therefore we can pick material that we want
for various purposes. There is tremendous introgression of mariola genes into
guayule in its natural range. There are whole populations, whole mesa tops, covered
with an apomictic form which has in it quite a number of genes that have come from
this other common species that occurs throughout the range of guayule. The amount
of introgression varies between populations. One reason I say guayule is one of
the most complex species I know about is that in the evolutionary history of this
species, crosses between mariola and guayule have taken place many, many times at
many different places. If one looks at this species in a time span of perhaps
hundreds of thousands of years, the present wild populations have been derived from
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strains or forms if you wish, of guayu1e and mario1a that have, by evo1utlon,
changed to some extent, hybridized, produced particular types which may h,ive
spread then changed again over thousands of years producing other types and so on.
If one compares, and I've done this in western Texas, the plants on a mes.i top,
where there may be 150 to 300 acres of guayu1e shrubs, they nearly all 101:>k alike.
The plants look as much alike as peas in a pod. Here one sees the end prl:>duct of
a series of evolutionary events. But if you walk down through a valley and on to
another mesa top five or six miles away to see another hundred acres of guayu1e,
the plants that are there are usually not quite the same as the ones on this mesa
top. They may be very different. And again, you find that practically e''1ery plant
on that mesa top is alike. They are apomictic1y produced. They are as much alike
as peas in a pod. So you have ranging over the entire area where guayu1e occurs
this same kind of situation occurring over and over again because of interspecific
hybridization and apomixis. We did not get far enough in our studies to :rea11y
assess this kind of thing to any extent. No one went into the field after we had
this knowledge and said, "Okay, let's see how many different forms or different
populations of these plants we can accumulate and let's test them out. Llet's see
what they are good for." Nothing like this was done. For rubber alone wle might
not want to be interested in genes from mario1a because it doesn't have any rubber
in it. But if we were interested in extending the range where guayu1e can grow,
we jolly well would be interested in genes out of mario1a. Why?

Mario1a occurs way up into New Mexico; it occurs as far north as the Grand
Canyon of Arizona. It ranges far to the north, far to the east, and far Ito the
south of the natural range of guayu1e itself. So here are genes avai1ab1le for
hardiness that could be easily picked up and moved over into guayu1e. You might
say, "Okay, the rubber content of hybrids between mario1a and guayu1e will be de
pressed. " Maybe this will happen initially but if you know anything about plant
breeding and know what the possibilities are, you know very well that thi:!l is only
a first step. Once you know enough about your material you can hold the hardiness
characteristics and then toss in the rubber producing characteristics. By this
procedure it should be possible to considerably expand the possibilities l:>f growing
guayu1e in a wider geographic area than is now the case.

If there are problems with the milling of the shrub. there is no realson why
the plant breeder can't do something about this if it is known what they .ire. If
leaf drop is important, one can look for the features of leaf drop, and Sl:> on.

I mentioned interspecific hybridization as far as mario1a is concernled, but
one of the really promising kinds of crosses that we made was with Parthel~ium

stramonium. This tree-like form grows naturally in Sonora, Mexico. We also crossed
guayule with Parthenium tomentosum which grows in Oaxaca. These species have very
different characteristics than guayu1e. They grow faster, at least the F1 's grow
faster, and I think Dr. Tysda1 will have some information on generations beyond the
F1- I stopped with the F1 because that is where I was when I got out of the work.
But the really exciting thing about working with interspecific crosses is that you
can literally become a genetic engineer. The two species, Parthenium strlUDonium
and !. tomentosum have 2!!, • 36 chromosomes which are the equivalent of th4e sexual
material of guayu1e. So you cross the 36 chromosome types of each speciel~, and you
get an intermediate hybrid. The F1 is an intermediate plant, as would be expected
when crosses are made between species as is the case within species. But if one
takes a 72 chromosome type guayu1e plant. which is what we did. and crOSSI~S it with
a plant of !. stramonium. 36 chromosomes come from guayu1e and 18 from P. stramonium.
The chromosomes of the F1 add up to 54. You have twice as many chromosoml~s coming
in from guayu1e as you do from stramonium. This produces a hybrid that iii not
intermediate between the two but it .is on the guayu1e side. It has a lot more
genetic material that has been dumped in from the guayu1e side.
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On the other hand, if one takes the 72 chromosome type guayule and uses the
occasional plant that shows up in an apomictic line that is sexual without chromo
some reduction, you can take 18 chromosomes from the stramonium parent, put it onto
the guayule, and produce a hybrid with 90 chromosomes. Seventy-two of those chromo
somes are guayule chromosomes and 18 are from the stramonium plant. This gives you
an Fl hybrid that is much closer to guayule than it is to intermediacy between the
two species. In one operation, you have done the equivalent of a whole series of
backcrosses from an Fl. At the same time, the apomictic feature can be preserved.
This means that you don't have to worry about the hybrid fractionating, or being
variable. One of the banes of the plant breeder is that whenever you hybridize
you've got to stabilize the hybrid product to make possible its being put into cul
tivation with the requisite amount of uniformity. In the situation described, you
have uniformity built in. It is there after that first cross. If you have the
right kind of plant possessing the desired qualities, it is ready made. Because of
these features, the possibility of chromosome engineering that I speak of in guayule
and the other unusual features that I have mentioned, guayule is seen to be a very
complex species. It really does have excellent properties from the point of view
of the plant breeder.

*1 am showing a guayule plant here mainly to get your eyes focused on size,
because I want to show on the next slide, for comparison, a plant of mariola, Par
thenium incanum. *These are taken at the same scale and you will note quite some
differences in size and in the nature of the plant. *1 mentioned that one of the
quick ways of finding out whether you are dealing with a straight guayule plant or
one that is introgressed with mariola is to look at the trichomes. These are some
trichomes that have been shaved off the leaf surface. They consist of a cap cell
and some stalk cells, usually one or two, that show up here. You will notice that
the stalk cells are more or less centrally located beneath this boat-shaped cap cell.
*The trichomes of mariola; mariola has a very long, tortuous trichome and if you
have ever looked at the surface of the leaf you know that it is sort of cobwebby
in appearance. The next slide will show the trichomes of a hybrid between guayule
and mariola. The trichomes have some of the characteristics of the cap cell of the
guayule type as you can see. They are long and pointed, but the stalk is at one
end. In assessing hybridity or introgression in wild plants, it can be done by
looking at the cap cell and seeing where the position of this stalk is with regard
to the cap cell. This trichome indicates the plant from which it came is about an
intermediate hybrid between the two species. *These are trichomes of a plant that
is introgressed with mariola, not introgressed very much. It is very close to
straight guayule. But if you notice where the stalk cell is. it is down towards
the rounded end of the cap cell, and the cap cell itself is quite long and pointed.
Using trichomes as indicators is essentially a short~cut technique. You couldn't
do this if hybrids had not been experimentally produced and the kinds of cells that
are on the leaf surface analyzed. We did that. This kind of information is usable
in the field to help with the selection of the kinds of plants one wants to work
with. For our friends from Mexico, this could be very important in determining
whether a given population is straight guayule or one that is introgressed with
mariola. If you have one that is strongly introgressed. the chances are that the
percentage of rubber from that population is going to be lower than it will be if
you have straight guayule. *This is a map derived from an analysis of specimens
of collections of guayule made in Mexico. It includes only the plants that usually
would be classed as guayule. Three is essentially the equivalent of an Fl between
guayule and mariola, two is the equivalent of an F2 from an Fl backcross to guayule,
and one is the equivalent of an F3 from an F2 backcrossed to guayule. So the types
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represented on the map are straight guayule, two grades of introgressed guayule
and intermediate hybrid guayule. Here are some things to note. The areas where
there is a heavy concentration of introgressed guayule are in northeastern Zaca
tecas and southeastern Coahuila. But in Durango, there is very little introgres
sion. Only two samples that I had available showed any evidence of hybridization.
I have been in Durango since this map was made, particularly west of Mapimi where
there are some hybrids and introgressed populations. But this is also the area
where 2n • 36 plants are to be found. This is the section where mainly sexual
plants occur. The apomicts are common in eastern Zacatecas and in Coahuila.
Notice the Big Bend or trans-Pecos area of Texas shows a great deal of introgres
sion. This probably accounts for the fact that the rubber yield from the native
shrub of the Texas area was always considered to be somewhat inferior to that of
certain parts of Mexico. A careful job of analyzing the wild populations of guayule
with regard to how much introgression there is could payoff for anybody who was
interested in harvesting the wild shrub. It would also payoff with respect to the
picking up of particular plant types that one might be interested in. *1 mentioned
to you about tossing genomes and chromosomes around and this is literally possible.
Mariola, as well as guayule, has a polyploid series. As you see, we made crosses
between some of these which were successful. The solid lines indicate successful
crosses. These numbers indicate the chromosome numbers that were derived in var
ious ways by crossing various polyploid types. So literally, one can, as I say,
engineer the product. Not very much was done in the way of analysis of the hybrids.
We had a few of them analyzed for rubber content and the rubber content was de
pressed compared to straight guayule. I don't think that is terribly important.
I think the important thing is that one can cross these species on various levels
and can get different combinations of chromosome numbers. It is possible to breed
in apomixis or have it already present and hybrids can be recovered that are al
ready to go if they turn out to be all right from an economic point of view.

*The apomicts are, as I said, as alike as peas in a pod. Of these 12 plants
in a flat, it doesn't make any difference what you look at, they are I wo:n't say
identical, because that's a pretty strong word, but they are as nearly alike as
one can conceive. *But apparently something does go on in these apomicti,c types.
We have thought that there must be some autosegregation because every now and then
plants not like the others show up. These plants are all the same age, the same
family, and these four plants I'd say are very similar, but this one is aln off type.
The next slide will show several plants. This is the normal type and thi:B is the
off type. The ones you can identify as off types are the slow growers. Usually
when mutant types show up you are dealing with something that is deleteri1ous, in a
direction that turns out to be less good, particularly if you can recognize such
plants just by morphological means compared to the normals. What I am calling your
attention to here is that if there is such a thing as autosegregation in apomictic
guayule, this could be an important genetic procedure to break the constancy of
some of the apomictic lines. *Now to show some of the relationships between size
and polyploidy. Here we have comparable leaves from three different chr~Dosome

plants. The ones on the far right are from a plant with 36 chromosomes, :Ln the
middle 54 and on the left 72. The 54 chromosome plant was gotten by crossing the
72 with the 36. The 36 one was a haploid derived from this plant so that we have
the mother, the apomictic daughter, and the Fl between them, with the thrl!e different
chromosome numbers.

*This is the same sort of correlation between size and chromosome ntUDber with
different numbers involved. Here ~s the fruit complex, first face on and then
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reversed on the right hand side showing the two florets and the bracts. The
fertile floret is here, the fruit is inside here. Here is the 36 chromosome type,
this is the 72 and this is the 108. Now these are all derived from the same mother
plant which was this one. This one is 72. We got the 36 by spontaneous haploidy.
We obtained the 108 chromosome plant by selfing the 72 chromosome plant. So this
is the fruit complex from the mother, this from a daughter, and this from another
daughter, each with a different chromosome number. So, somebody is interested in
size of fruits. OK, we can give you a bigger fruit if you need it. It is very
easy. *1 left the work when hybrids were only at the Fl level. I think Dr. Tysdal
will be able to say something about some later generations of hybrids between these
species. *Now, just to show you what I'm talking about when I say you can toss
chromosome numbers around. These are all of comparable age. This is Parthenium
stramonium, and f. argentatum, guayule, is on the far right. Here are three hybrids
that I mentioned earlier with the composition half guayule and half stramonium.
This is a 54 chromosome one; it has a 2 to 1 ratio of guayule to stramonium.
This is a 90 chromosome one; it has 72 chromosomes of guayule and 18 from stramonium.
You can see that these plants go downhill or uphill whichever way you want to read
it, in the direction of guayule. *Here you can see the same thing in the leaves
which have been taken off mature plants. Upper right stramonium, upper left guayule,
lower right the 36 chromosome Fl , 18 chromosomes of each, 54 chromosome type, the
90 chromosome type. The 90 chromosome type which is not very different in leaf
form, shape and so on than guayule, is a substantially larger shrub with larger
leaf surface, greater photosynthetic capacity, and so on. It is apomictic. There
is a lot of fertility in the seeds which could be easily increased.
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GENETIC AND AGRONOMIC RESEARCH
H.M. Tysdal, Principal Geneticist in the USDA, Retired

I would like to make a comparison, having been brought up on the whea.t plains
of western Canada. We grew a variety called Bluestem wheat, and many years it was
so infected with red rust that the yields were almost nil. When driving through
with the binder the cloud of red spores was so thick I could hardly see the team!
If we now used this variety we could not produce enough wheat for ourselvE~s, but by
the miracle of plant breeding we have overcome the rust problem as well aSI others.
We can not only produce enough wheat for ourselves but also for millions beyond our
shores. Similar plant breeding miracles have been produced with corn, with soy
beans, and probably most any crop you wish to mention.

This is not true of guayule--we are still in the Blue stem stage or ~~rse.

There has never been a continuing, fruitful breeding program in guayule. To be
sure, Dr. McCallum had as many as 1300 selections but the nature of reproduction
was not known. With all his other duties and the discontinuation of his program,
he could not follow through with them. The story of the other breeding programs
on guayule are all too well known. They were chopped off!

To give you some idea of the possibilities of a breeding program, I ~~uld like
to give you two examples of progress. Dr. Powers and Dr. Rollins have provided a
beautiful foundation of knowledge, particularly with regard to reproducticln (in
cluding apomixes) for the furtherance of a plant breeding program.

The first example includes the use of interspecific hybrids. As Dr. Rollins
has pointed out, guayule can be successfully crossed with such tremendously dif
ferent species as !. stramonium which can easily grow 10 to 15 feet in height in a
few years. Such crosses were made by Dr. Rollins and by us. The F1 is vE~ry vig
orous but has no rubber. However, we were able to carry some of these crclsses
into the F2 and many segregates continued to be vigorous and contained a higher
percentage of rubber than the Fl' It was impossible to carry this prograul forward
because of the discontinuance of the project. However, it seems very feaelible and
probable that one or more back crosses to guayule would produce a much more vig
orous plant with high rubber content, thus enabling the production of har,restable
shrub in a shorter period of time, or a larger yield per acre.

In this connection the importance of collection of seed of various native
shrubs in Mexico to use in a breeding program should not be overlooked. This has
been done by Dr. Powers and Dr. Hammond, but further collections should bE~ made.

The second example of progress is that of hybridization between diffE~rent

strains of guayule. The tracing of the parentage of a strain which was the highest
rubber yielding in a two-year test at Shafter, California, a warmer area than
Salinas, will illustrate. Selection #11635 produced 71.3 grams of rubber per plant
compared to a yield of 30.2 grams per plant from the standard variety 593" grown
in the same test. (See Hammond and Polhamus, Bulletin #1327) These plants were
approximately equal in size so this yield per plant is indicative of yield per
acre. An even more striking result is the fact that high rubber content was pos
sible under these very warm conditions where the standard variety 593 doeel not
perform so well.

The above cross, #11635 was a controlled cross made in our program bE~tween a
54-chromosome 4265-1 plant and a plant of the 36-chromosome selection N 264. The
4265-1 plant came from a selection made by C.A. Taylor and H.M. Benedict from a
collection made by Dr. Powers in 1942 from Durango, Mexico. The selection N 264
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was made by selecting within a sexual strain. Cross #11635 followed the pattern
expected in this unusual plant, viz the fertilization by an l8-chromosome gamete
from the 36-chromosome sexual selection with an unreduced 54-chromosome gamete
from 4265-1 producing a 72-chromosome apomictic strain which #11635 proved to be.
This open-pollinated selection produced only one off-type plant in a population of
648 plants, indicating an extremely high degree of apomixis. Thus the variety was
fixed without further work; a plant breeder's dream.

In conclusion I would like to say that in my opinion breeding and improvement
is essential as a first requisite for the successful commercial growing of guayule.
This could be done with an adequate breeding program.

Comments

In reply to Lobenstein's remark showing concern about rubber per acre, Tysdal
replied, "The yield per plant reported is indicative of the possibilities of yield
per acre because the difference in rubber per plant is related more closely to the
percentage of rubber in the plant rather than the size of the plant. I agree that
the yield per acre is the objective."
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PLANT BREEDING
G.P. Hanson

Los Angeles Arboretum

Since I am under 50 I ought to explain my relationship to guayule since I
obviously could not have been involved in the project at the time that moslt of you
were. Two years ago, Hugh Anderson came to the Los Angeles State and County Arbo
retum and asked if we would consider getting involved in a breeding progrB~. At
that time we didn't know very much about guayule; so my first step was to go into
the literature and find out what had been done; then to analyze the results and see
whether or not it seemed to us if this was a feasible thing to do.

As some of you know, we did produce a proposal listing what we thought could
be done with guayule. It seemed to us that it would be a good time to conduct the
study; we listed some of the prospects for a favorable result, how we would pro
ceed, and an estimate of costs for the breeding program. We have written this and
some of you have seen it. Now we are quite optimistic about the potential of
guayule, especially if a breeding program is instituted. Dr. Rollins and others
have emphasized this.

One of the things I would like to do is tie together the things that have been
said here. Joel Schechter noted that in their feasibility study it was necessary
to get an annual yield of 800 pounds of rubber per acre per year. Dr. Bormer said
that at the time of the termination of the project they were getting about 750
pounds of rubber per acre per year. That's pretty close. If we just start back
25 years ago, and of course we are using the same genetic materials, we ought to
be able to get that. As Dr. Rollins has suggested, with a breeding progr~~ we can
go much more beyond that. The varieties which were being used (593 primarily) had
undergone very little selection in breeding.

In the 40's when guayule was being studied and being grown commercially, its
production of rubber was just slightly less than that of Hevea. Dr. BonnE~r noted
that at the present time the average yield in Malaysia is 1200 pounds per acre.
If we include the best producers, it's 2000 pounds per acre and he even suggests
that if we add the ethylene it's up to 6000 pounds per acre with a potentlal of
9000 pounds per acre per year. Using the same rationale he used to predict this
9000 pounds, we ought to be able to get the same potential with guayule. We have
a big advantage with guayule that they didn't have with Hevea. The rubber tree has
a very long generation time of seven years whereas guayule has a generation time of
less than a year--so we can proceed more than seven times as fast. The plant breeder
is concerned with the generation time as to how fast he can proceed. If the ~evea

people in 25 years have gone from 800 pounds per acre to 4000 pounds, why can't the
guayule people do that in a much shorter time?

What is possible now? We have various sources of seed, one of which is the
National Seed Storage Laboratory at Fort Collins, Colorado. Unfortunately, they
have very small quantities of seed. Hugh Anderson has seed available; Joed Schech
ter has seed available from his studies in Israel and of course any breedlng
program is going to eventually have to go back to the wild stands as Dr. Rollins
has mentioned. As far as the breeding methods which we would be involved in,
standard breeding techniques would be used, at least initially, to select for a
high economic yield. We are concerned about pounds of rubber per unit arE~a, per
acre, but we also are concerned about percentage rubber because those that have to
do the milling would much rather have 700 pounds per acre with not much shrub than
700 pounds per acre with a lot of shrub. There is a trade-off there that has to
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be considered. We'd be breeding for those factors which contribute to a high
economic yield with the desire being the lowest amount of shrub, unless the pulp
becomes more worthwhile than does the rubber. So one would be looking at various
criteria and would be selecting not just one plant but a large number of plants
in the population. It is entirely possible that if we're dealing with a segregating
population now, or a large number of individuals, many plants might yield the same
amount of rubber but for different reasons. Some of them might have a large amount
of leaf surface, enough that can produce a large amount of rubber, but have a rel
atively large trunk and not much branching. Others have a lot of branching. I
think there's been a fair amount of research done showing that the more highly
branched the shrub is, the more rubber there is; thus one would select for that.
Another plant might have a high amount of rubber simply because it is more disease
tolerant than another one. These are various things that I think one would have to
select for and it would take a number of generations to come up with what we're
looking for.

Dr. Rollins has noted a number of cytogenetic techniques which really were not
used in developing the new varieties but certainly we should use. This includes
bringing in the other species and trying to increase the range of guayule to adapt
it to new environments or environments beyond which it now grows. Another tech
nique which Dr. Rollins did not mention but which certainly is a continuation of
what he has talked about is the use of aneuploids. Instead of dealing with entire
chromosome sets, one would introduce only one or two or three chromosomes from
mariola or from P. stramonium. Techniques have developed since the time of the
Emergency Rubber Project by which this can be done; in fact, these things are being
done now in the commercial breeding of wheat and cotton.

I would like to say a couple of things about related research kinds of things
which are possible and are necessary. Someone mentioned that it is necessary to
have irrigation, if possible, otherwise don't try to grow guayule. He's saying
this because it has to have water at the time of transplanting. Since the Emer
gency Rubber Project, techniques have been developed whereby one can actually put
the plant in ~he ground and water it with the same machine. In other words, in
this case you"have the plant growing in the soil; you're putting down pot and all.
This is, I understand, what is being done commercially with tomatoes in certain
areas. Maybe this is expensive but it certainly is a possibility for growing guayule
where irrigation is impossible. If the seedling is started at the right time it
may become established.

We need to look at the possibility of experimentally controlling apomixis.
This, of course, is the kind of thing that the breeder must look at. Can he control
apomixis experimentally to get around some of the problems? People are going to
start getting involved in research programs and we are going to compare notes. We
already know that there are two groups involved in a research program, the Israeli
people and the people from Mexico. We need to standardize a method by which we can
communicate with each other. I understand that people in Mexico are using a chem
ical extraction method of analyzing rubber and we know from the previous studies
that have been done that the chemical methods of extraction are not necessarily
comparable to the physical methods. The people who are going to do the work need
to get together and decide which methods to use or how we can compare them. The
plant breeders are optimists. It also seems to me that this is a good time to
continue with guayule but we need to go at it from a plant breeding program as well
as these other things. If it is now possible to proceed using standard varieties,
think how much better it would be after the plant breeders had a few generations
of work.
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MARKET POTENTIAL AND ECONOMIC PRODUCTION

R.M. Pierson
The Goodyear Tire and Rubber Company Research Division

Dr. Vietmeyer felt that he had to have at least one person who knew a:B little
as possible about guayule beforehand. I think that's why I'm here--to look at it
from the viewpoint of potential consumers. As a matter of fact, having not been
here the first two days, I think I can safely say I'm the most nonexpert here and
thus proclaim myself.

I'll be talking first about the world-wide rubber usage picture, dividing it
somewhat between natural and synthetic and then the various types of products into
which it goes; then a section on what properties of natural rubber are especially
important in maintaining its market, no matter how cheap synthetic might become.
In other words, what are those most critical properties of NR which we hope will
be attained in guayule and which we in the synthetic natural rubber field have
been likewise attempting to achieve? Then I'll be talking about the analytical
information we've gotten recently on the two samples of guayule sent us, and
finally some concluding remarks on what might seem to be obvious inferences on
the possible directions which a renaissance of the guayule program, if undertaken,
might go.

Launching first into the statistical side, Figure 1 shows the total world use
of rubber for 1963 and 1973, broken down by the principal sectors and adding up to
somewhat over 10 million tons a year by 1973. While it isn't necessary to belabor
how these break down, I think a very significant point to keep in mind is that the
proportion represented by the U.S.A. is much nearer the saturation point for obvious
reasons. In fact, it's getting to be a little over-saturated now. As the impending
motorization of the developing areas of the world quickens its pace, the proportion
outside the U.s. will really begin to skyrocket. Where has the natural ru.bber gone
in a generation or so since synthetic rubber production reached a point where nearly
satisfying demand?

Figure 2 shows what has happened to natural rubber in percentage terulS in ap
proximately a generation. In looking at that curve, it might give pause t.o someone
contemplating coming in with a new competitor for natural rubber--it may not be the
best star to hitch one's wagon to. But it is very deceptive (Figure 3) bE~cause in
that same time the total amount of rubber has increased very dramatically; actually
in an absolute sense the natural rubber usage has just about trebled. The reason
is that it is simply keeping pace with expansion of auto tire production. The use
of truck tires is also growing even more rapidly. Over the long haul thiel is going
to increase at a great rate so the future for any natural rubber competitor--whether
synthetic or an alternative natural source--is going to be a very good OnE!.

What about the price? Figure 4 shows the period from 1972-75 up to current.
As you can see, it has undergone very wide fluctuations. The reasons for the un
usual numbers in the ordinate here is that this is a paste-over of the Singapore
prices. During this roughly four-year period, there has been only one relatively
short period of relatively stable prices, and as is so true over the year~l with
natural rubber, it has undergone an almost threefold fluctuation, rather typical
of many commodities. During this same period of time, the various versions of
synthetic natural that have come on the market have enjoyed about a three-· or four
cent premium, primarily because of their greater uniformity over most of that
history and their greater ease of breakdown. However, that differential jLs beginning
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to disappear. SBR, the styrene-butadiene rubber that is the workhorse of the in
dustry, has been at about an average of 22-24 cents; it's currently 25-1/2 cents.

What are the principal uses of natural rubber? Figure 5 shows the U.S.A.
natural rubber consumption, which unfortunately is not documented through the
government agencies. However, this presents somewhat of an estimate. As you can
see, the greatest percentage by far goes into tires, 'followed by the broad range
of industrial products, primarily certain large conveyor belts and hose. No other
single product area accounts for more than five percent. Looking at tires specif
ically (Figure 6): In the U.S.A. and Western Europe, the U.S. percentage of
natural rubber in the tire is traditionally--and has been for a long period of time-
appreciably less than that of Western Europe, the sole exception being aircraft
tires which in both cases are practically all natural rubber. Truck and bus tires,
which poundage-wise account for those high percentages of natural rubber, are the
principal area where natural rubber properties are most important in maintaining
its assured use in the future.

Figure 7 represents a major shift in consumer preference in the U.S. (follow
ing one which has already occurred in Western Europe) away from the old standard
bias tire starting only as recently as three years ago. The bias belt itself had
been on the market for only two or three years at that time. As radials have come
into the picture, they have already more than overtaken both of the other principal
types. This greatly complicates the picture from the standpoint of the tire pro
ducers because it seems more apparent now than had been originally thought--when
radials first came in--that all three will remain with us for a long time, rather
than radials displacing one or both of the other types. What does this translate
into in terms of projected uses for radial tires over the longer haul? Beginning
with this very low base in original equipment--that is, the tires shipped to De
troit--combined with replacements for a very low three percent total, growing to
more than 12 times that amount in five years and getting well beyond the 50 per
cent point in another five years. (see Figure 8)

Looking at just a typical automotive tire (Figure 9) you can see that the
amount of synthetic is approximately 85 percent of the total in the bias belted,
but the NR required is almost doubled as one goes to the radial tire. In looking
at truck tires, Figure 10 shows the comparison between the bias ply and the radial.
The radial shows an even greater requirement of natural rubber so that as the
radial tire becomes a more and more predominant factor in U.S. tire usage, its
role in determining whether either natural or something which is a full equivalent
is used will become greater and greater.

An important factor in the decision as to what type of guayule will become
most accepted in the future is the most important properties in the guayule which
will assure its becoming a replacement for natural rubber. This is essentially
the process which the "synthetic natural" rubbers had to go through over a period
of roughly a decade. Figure 11 shows a relatively early comparison of natural
rubber with the two principal types of synthetic natural: one, the so-called
Zieglertitanium type, the other, the lithium type--the latter was espoused espe
cially by Firestone and Shell--but in recent years have faded from the scene.
Let us look particularly at the third column which has to do with the micro
structural purity. These figures are somewhat superseded by improvements in the
method of measurement as NMR come into the picture, along with greater refinements
in the measurement of infrared. In at least a relative sense they show that this
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RUBBER PRODUCTS

TIRES

INDUSTR IAL PRODUCTS

CARPETS

FOAM/SPONGE

SHOE PRODUCTS

ALL OTHER

PER CENT

72.2

9.6

4.9

4.0

2.4

4. 1

•

•

•

•

TOTAL = 654 x 106 KG •
Figure 5. 1972 Uses of Natural Rubber in U.S.A.
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1 •

% NR

AUTOMOT IVE
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TR ACTOR

BIKE-MOTOR CYCLE

AIRCRAFT

RETREAD

TUBES

USA EEC

13 22

55 75

30 60

10 30

90 90

12 33

5 5

•

•

Figure 6. Estimated NR Use in Various Types of Tires - 1970
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PERCENT RADIAL TIRES U.S.A. AUTO MARKET

•

•

1970

1975

1980

Percent
Original Equipment

1.2

60.0

85.0

Percent
Replacement

3.5

30.0

46.0

Percent
Total Market

3.0

38.0

56.0

•

Fig. 8. Projected Growth of Radial Auto Tire in U.S.A.

TYPICAL AUTOMOBILE TIRE USAGE

•

•

•

•
(ALL H78-15 SIZE)

BIAS PLY BIAS/BELTED STEEL BELT RADIAL •SYNTHETIC

NATURAL RUBBER

5.37 KG

0.90 KG

5.36 KG

0.86 KG

5.09 KG

1. 71 KG

NR INCREASE 99%

Figure 9. Typical Automobile Tire Usage
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SYNTHETIC

NATURAL RUBBER

TYPICAL TRUCK TIRE USAGE

(10:00-20 SIZE)

SUPER HIGH MILERa)
BIAS PLY

15.55 KG

5.76 KG

UNISTEEL R-lb)
ALL STEEL RADIAL

9.09 KG

15.17 KG

NR INCREASE
a)SYNTHETIC TREAD
b)PREDOMINANTLY SYNTHETIC TREAD

Figure 10. Typical Truck Tire Usage

163%

NATURAL RUBBER VS. SYNTHETIC POLYISOPRENE

Polymer Mw Structure Crystal Feature

Natural High 98 Cis 1,4 High Excellent Unvulcanized Strength
Good Hot Tensile
Good Hot Tear

."
Synthetic
ALITi Type High 97 Cis 1,4 Mod Fair Unvulcanized Strength

Good Hot Tensile
Fair Hot Tear

Synthetic Very
Li Type High 90 Cis 1,4 Low Poor Unvu1canized Strength

Poor Hot Tensile

Figure 11. Comparison of Natural Rubber versus Types of Synthetic Polyisoprene
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modest, but quite important, difference of approximately a percent or so 1between
the aluminum type and natural is reflected in performance in a very perceptible
difference between what we refer to as unvulcanized strength--more recently re
named "green strength"--and in hot tear. In the case of the lithium type which
is substantially lower in microstructural purity--and this is the primary reason
why this category of synthetic natural rubber lost out--the green strength and the
hot tensile were even poorer.

Figure 12 is simply an enumeration of' the principal physical property measure
ments which can be run in a moderately well-equipped rubber laboratory, showing
that in the usual things--that is, tensile and so forth--synthetic polyis1oprene,
at least the higher Cis contents, can look to be almost equivalent of NR. Many
people, including many close to the rubber industry, are unaware that pra,ctically
all the commonly used tire compounds--and there are literally hundreds of them-
have evolved into blends of not only NR and synthetic natural rubber, but various
other types of synthetics. The blends serve the purpose of bringing out the qual
ities of each that most serve the combined needs of processability, fabri,cability
and performance on the one hand, and of being able to shift into alternative for
mulations as price and availability picture change with time. Thus, the tire
producers are never realtY locked into a single formulation. This is just a
representative tread compound whose performance particularly requires wear resis
tance and groove crack resistance and traction (Figure 13). Such criteria are
playing a bigger role as DOT regulations come into the picture more and more, and
Figure 13 shows that a typical tread compound really requires no polyisoprene at
all--and is predominately SBR with some of the solution type of polybutadiene as
included. The carcass compound (Figure 14) requires especially high cord adhesion,
fatigue resistance, and heat durability (meaning not so much heat aging but of the
ability to retain good physical properties during the many, many hundreds of hours
that the tire is run at temperatures as high as 1500 C.). This is where poly
isoprene really comes into its own, so such tires, at least in the carcasses of
the larger tires, still are predominantly polyisoprene. I'll come back tl) this a
little bit more.

Figures 15 and 16 show those areas where natural rubber's performance really
resists encroachment and probably will do so for at least the immediately foresee
able future. Even the most ambitious attempts to make a true duplicate encounters
problems in airplane tires which, as previously brought out, are still essentially
all natural rubber; truck and bus tires in the carcasses; and in the largl~ con
veyor belts; and certain types of hose.

I want to get into the subject of green strength (Figure 17). Green strength
is a rather crude definition of a number of not easily quantitatable paraIneters
that essentially define the ease of fabrication of a tire during the process of
converting it from the uncured but totally assembled barrel-shaped form in which
all tires are made; that is, the ability of that assembly to be deformed :lnto the
final torus shape of the tire without losing contact between the various portions.
In other words, it is a combination of measure of strength and ease of flow and
capability of hot forming. The easiest way to get at least a semi-quantitative
measure is to make tensile-type measurements on uncured, compounded stocks. What
one sees is that the synthetic naturals can follow natural rubber up to a yield
point, but the difference (Figure 18) is manifested at the higher elongatjlons; the
higher the temperature at which such measurements are made, the greater these dif
ferences are, so that the parameter "green strength" is going to play an even
greater and greater role as the use of radial tires grows because the requirement
of having good green strength is much greater in the radial type tire.
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PROPERTIES OF CIS 1,4· POLYISOPRENE

BLACK (25 HAf) VULCANIZATES

POLYISOPRENE HEVEA

Figure 12. Properties of Cis
1,4-Po1yisoprene Black
(25 HAF) Vu1canizates

TREAD COMPOUND

TENSILE. PS I

ELONGATION

III0DULUS AT 300r.. P I I

HOT TENSILE. PSI

COLD RE80UND

HOT REBOUND

DYNAMIC MODULUS

INTERNAL FRICTION

DYNAMIC RESILIENCE

HEAT RISE. Hx
HEAT RISE. Hf

~lOO

700

680

2950

84.5

88.9

....
5.3

7..

29

71

4200

630

9 !to

3000

83."

88.4

46

6.2

72

34

71

REQUIREMENTS WEAR RESISTANCE
(;ROOVE CRACK RESISTANCE
TRACTION Figure 13. Tread Compound

COMPOUND SBR
POLY &0
01 L
CARBON BLACK

15
25
40
15

CARCASS COMPOUND
REQUIREMENTS - CORD ADHESION

FATIGUE RESISTANCE
HEAT DURABILITY

Figure 14. Carcass Compound
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AIRPLANE TIRES

TRUCK AND BUS TIRES--ESPECIALLY IN CARCASS

LARGE CONVEYOR BELTS

CERTAIN TYPES OF HOSE

Figure 15. Principal Use Areas Where Natural Rubber's
Performance Resists Encroachment by Synthetic
Rubber

GREEN STRENGTH--ESPECIALLY RADIAL TIRES

HOT TENSILE

HOT TEAR

AGED HOT TENSILE AND HOT TEAR

Figure 16. Key Performance Properties in Which NR Remains
Pre-Eminent in Truck Tires

WHAT IS IT?

WHY IS IT NECESSARY?

NR VERSUS SYNTHETIC NATURAL RUBBERS

GROWING IMPORTANCE IN TIRE FABRICATION

Figure 17. Green Strength
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UNVULCANIZED STRENGTH AT 270 C

Natural Rubber vs Synthetic Polyisoprene
25 phr HAF Test Formula -

#..
, Natsyn 200

,
," Natural Rubber

I
I

I
I

I,,,
I

I
I,

I',
"",..-'

Yield Point

0.86

0.69

0.17

~ 0.53Q.

~

c:
0......
II>
c:-

0.35

50 100 500 1000

Percent Elongation

Figure 18. Unvulcanized Strength of Natural Rubber vs. Natsyn 200 Polyisoprene
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Looking at one specific area of a particular type of tire. namely a radial
truck tire (Figure 19) where this requirement does show up often is down i,n the
bead area. In the case of a high green strength it retains its designed shape.
having gone from the original barrel to the torus shape. and all these parts hang
together. When green strength is insufficient. there is a coming apart aTIld usu
ally a defect which requires rejecting the entire tire simply because they cannot
be mended.

I want now to get into the subject of the analytical data that we've gotten
just recently on the two samples of guayule. one a 1945 Bakersfield undere~sinated

sample which we purified. and the other from the bale that Noel Vietmeyer referred
to. Figure 20 shows an NMR scan. Within detectable limits. the microstructure
is within a half percent of~. The purity in Cis-l.4 content was ccmfirmed
by infrared. The NMR was measured. incidentally. with a 60 megahertz Varian
instrument; we had access to a 300 megahertz instrument too and it showed the same
thing. We felt with great confidence that the earlier data measured in the 30's
and 40's on x-ray patterns was very much confirmed by the best techniques we have
now for determining very small amounts of inhomogeneities in microstructure.

Looking at a very sensitive physical measure. DTA. and comparing guayule with
pale crepe. this is the purified form of guayule (Figure 21). The glass transition
temperature (the sharp break here) is at the same temperature for both polymers.
It's not terribly significant because all polyisoprenes that are in a Cis con
figuration would show about the same break point. However. when one cold soaks
the rubber for a long period of time. in this case two days at -200 C.• one picks
up the high degree of crystallization which can only occur in a quite high micro
structural purity (Figure 22). The pale crepes and the two samples of guayule were
so nearly like each other we have considerable confidence that the requirl~ments of
carcass compounds could probably be met with guayule. providing molecular weight
and the other less easily detected parameters were also the same.

We ran some GPC chromatograms on the 1945 sample (Figure 23) and. wh:lle these
elution curves may not be terribly meaningful to those of us who are not 'iorking
with GPC every day. the calculated molecular weights therefrom do show thlit both
the purified underesinated 1945 sample and the 1953 deresinated has a very respect
able number average molecular weights. This. of course. is unmilled (Figure 24).
How do these values compare? Unmilled pale crepe is considerably higher than the
figures shown but natural rubber milled to the point where it's used in the factory
is of a similar order of magnitude and this is also true of the synthetic naturals.

We made one last test and that was perhaps not terribly significant :In the
sense that it had to be carried out in a very nonstandard way (Figure 25). This
was a green strength test on a very small dumbbell cut out from a few gr~ns of
guayule which unfortunately shows low green strength in relation either tlJ Hevea
or synthetic polyisoprene. Whether or not this is significant remains to b~n.
It would have been nice if the guayule green strength had been comparable. It
may be just a slight straw in the wind and obviously indicates that larger scale
tests will be especially intensified on this aspect because it is so all-important
in determining whether there is really going to be a market for guayule in tires.

Figure 26 is a photomicrograph of the remaining portion after removing the
soluble portion. and these large black specks are small amounts of gel which. when
removed and isolated. analyzed to the same Cis content as the major portions of
the rubber hydrocarbon.
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RADIAL TRUCK TIRE BEAD AREA

Unvulcanized
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Figure 19. Influence of Green Strength During Construction of
Radial Truck Tire
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MOLECULAR WEIGHTS
GUAYULE RUBBER ...

Low Mol Wt
Mw Mn fraction

Underesinated
Unpurified 464,000 109,000 28% ..
Underesinated
Purified 645,000 148,000 5.7

Deresinated 522,000 136,000 4.3

•
Figure 24

..
PRELU1INARY GREEN STRENGTH TESTS ON SAMPLE OF UNCURED
1953 DE-RESINATED GUAYULE (MEASURED NOV. 1975)

Break Tensile Break
PSI Elongation %

Guayule 22.6 950

Synthetic Po1yisoprene 50 1050

Hevea* 97 800

*Tested by slightly different method

Figure 25

142

..

•

..

•

•



~;, ~. {~- f 1....vJ
f. bl~Y-)/
he/v'· v'(: ,.-"

II! ro.;:' r /1<.,1 ---
/i". '-I C'cl1!,-,p...,te
'.>c'O'!o-' ,·.f f{,~~c:.

/-
I~" ·-.............'·If -,j1'~~.

.),;;IM.:', ..,
~'.' r·

'.,: ' C

,,.

Figure 26

143

".

"ii"

,~

t



What might be the indicated directions from the standpoint of consumers if
there is indeed a renaissance of a guayule program? Questions which one would
like answered (Figure 27) at the earliest possible time are: 1) How good is the
very best, not necessarily an easily made but a best version that we now know how
to make, of guayule versus natural rubber in the more critical testing criteria;
2) What are the permissible levels of unextracted resin left in guayule when evalu
ated in these same demanding uses (very important from the producer's standpoint);
and 3) How uniformly can guayule be made economically with respect to the amounts
and types of nonhydrocarban impurities. The latter, of course, could only be
determined after quite a bit more experience with larger scale growing. There's
certainly an analogy with the early days of synthetic natural rubber here, in
that, while we were concerned with different parameters, why essentially similar
types of questions had to be answered before commitments could be made for the
large amounts of capital that went into the synthetic polyisoprene plants.
Figure 28 shows a list of the likely steps which we would expect that producers
would probably want to pursue--at least, I think consumers would like to see them
implemented. The first is to furnish bale quantities of as thoroughly deresinated
grades as can be made to the major companies who might become large-scale consumers,
and be prepared very soon thereafter to follow up with 500-1000 kilogram quan
tities which truly duplicate the original sample. It is important to point out
that the people who do the evaluation in the big rubber companies are constantly
beset by suppliers offering new grades or some change in raw materials; therefore
they are always in the process of selecting from such alternatives the ones that
appeal to them most. Is it for economic reasons, is there a performance or pro
cess advantage, or whatever? Therefore, anyone who comes in to say, "This sample
might well do a better job than what you're using now," should be prepared to go
well beyond the laboratory stage once the first sample has begun to show promise.

Once having passed that point, I'm sure there would be a question on the
part of people interested in producing guayule as to how cheaply the less-than
best grades could be made if they are just reasonably good in performance. This
is a question which the synthetic natural rubber producing plants often get into
because there are ways of making it--and they are sometimes practiced--that produce
a type that is not fully acceptable in the more demanding tire uses, but can be
done at a considerable savings in production costs. There would be a somewhat
comparable situation in the case of guayule.

Very important is the desirability of developing a projected large-scale
cost picture at the earliest possible time because without the carrot of poten
tially lower costs, there's probably not going to be a great deal of enthusiasm
for spending a lot of time and effort on evaluation on the part of any of the major
rubber companies.

Comments

Bonner: You pose an essentially insoluble problem. In order to have this guayule
rubber studied and considered by major rubber users, we have to produce it on
what we would consider a major scale.

Pierson: I would assume that, even on a laboratory scale, sufficiently promising
data would already have been obtained so that someone would then be willing to
grow quantities that would make a sample of significant size. In other words,
this is the dilemma that will have to be faced rather soon: If promising data on
quantities that would be obtained from the present, i.e., Mexican, facilities are
obtained, fot instance, what happens next?
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Campos:
GPC?

QUESTIONS WHOSE ANSWERS SHOULD INFLUENCE COMMERCIAL
IZATION PROGRAM:

1. HOW GOOD ARE "BEST" (THOROUGHLY DERESINATED) GRADES
OF GUAYULE VERSUS NATURAL RUBBER?

2. WHAT ARE PERMISSIBLE LEVELS OF UNEXTRACTED RESIN
LEFT IN GUAYULE WHEN EVALUATED IN MOST DEMANDING
USES--e.g.,TRUCK TIRES?

3. HOW UNIFORMLY CAN GUAYULE BE MADE ECONOMICALLY
WITH RESPECT TO AMOUNT AND TYPE OF NON-HYDROCARBON
IMPURITIES?

Figure 27

SOME POSSIBLE STEPS TO STIMULATE CONSUMER INTEREST IN
GUAYULE:

1. FURNISH BALE QUANTITIES OF BEST DE-RESINATED GRADES
TO MAJOR RUBBER COMPANIES FOR TIRE-TYPE EVALUATION.

2. BE PREPARED TO FOLLOW UP WITH 500-1000 KG QUANTITIES
WHICH CLOSELY DUPLICATE ORIGINAL SAMPLE.

3. FURNISH BALE SAMPLES OF "LESS-THAN-BEST" GRADES IF
PROJECTED COSTS ARE SUBSTANTIALLY LESS THAN "BEST"
GRADES.

4. DEVELOP PROJECTED LARGE-SCALE COST PICTURE AT EARLIEST
POSSIBLE TIME FOR DISCUSSION WITH MAJOR NR CONSUMERS.

Figure 28

How long did it take to get the guayu1e samples in order to run the

Pierson: The green strength test was run also with the rubber because we were
getting significant different molecular weights in the original natural mature
rubber--just five days to be harvested.
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RETTING*

Paul J. Allen, Dept. of Botany, Univ. of Wisconsin
Ralph Emerson, Dept. of Botany, Univ. of Calif., Berkeley

*Guayule Retting: A microbial process with potential as a low-cost
process for improvement of rubber quality and optiIlllal
rubber extraction.

I have found that if the guayule shrub, instead of being dried and
kept dry until milled, is kept in a wet condition properly reguluted,
before it is subjected to milling, far-reaching changes take plaee
in the shrub, due to natural agencies which make it possible to
recover an unusually high grade and uniform rubber product from the
resulting shrub. --u.S. Patent 1,918,671 issued to David Spence
July 18, 1933.

Nearly 50 years ago it had been shown at the Intercontinental Rubber Company
Laboratories that guayule shrub, either chopped material or whole plants, fltored in
air under moist conditions, underwent natural changes which led to recovery of a
markedly higher quality and more uniform grade of rubber than could be expElcted from
freshly milled plants not so treated. The process was termed "retting" by analogy
with the ancient practice of retting flax for the purpose of extracting linen fibers.
During World War II, the research of one section of the Emergency Rubber Project
was devoted almost exclusively to a study of the retting process. Theoretj.cal as
well as direct practical considerations were extensively explored, and it ~ras shown
that guayule retting is a spontaneous microbial process in which molds and/or bac
teria selectively destroy (decompose) some of the more deleterious resinous materials
thus permitting production of rubber with lower acetone solubles, higher tE~nsile

strength, and other improved physical properties.

It was further established that the microorganisms instrumental in gU~Lyule

retting require oxygen to develop and accomplish these improvements. Provtding the
proper environment then was the key to successful retting. In other words,. a variety
of relatively simple procedures can be employed for retting so long as due care is
given to the basic parameters: oxygen, moisture and temperature.

Following is a brief account of 1) the benefits to be achieved by retting,
2) the general methods recommended, 3) the pros and cons of the process, and 4) sev
eral avenues for further research. The spontaneous and natural occurrence of ret
ting, its accomplishment with a minimum of machinery and essentially no che~micals,

and its selective action upon the particularly deleterious components of the acetone
soluble contaminants in guayule all commend retting particularly to the attention of
those planning small-mill operations where hand operations may be more read.ily avail
able than major capital outlays.

:'~
~ Achievements: What is accomplished by retting?
~

The crude rubber milled from ret ted shrub is higher in rubber hydrocarbons and
lower in resin than rubber from unretted shrub. The compounded product has improved
physical properties, with tensile strength increased by 50% or more. Total resin
in the shrub decreases and a loosening and decomposition of fiber occurs, ~l'ith re
sulting decrease in the bulk of material milled. Losses in rubber hydrocarbon do not
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occur but information on the molecular weight and chemical composition of rubber
hydrocarbon is lacking.

The foregoing changes are caused by the action of aerobic microorganisms (bac
teria, fungi, or actinomycetos). Some components of the (resinous) acetone solubles
are actively detrimental to rubber quality. When experimentally incorporated into
crude rubber these components cause liquefaction (deterioration). Their selective
removal prior to processing is a major function of retting. Since the bulk of the
resins act only as diluents in the crude rubber, considerable improvement in quality
may be obtained with less reduction in resins than that required by chemical de
resination (Figure 1).

The microorganisms involved in retting are natural inhabitants of moist guayule
shrub and the identity of many of them is known. Their effectiveness has been
demonstrated in inoculated rets carried out under nonsterile conditions and in pure
culture experiments.

Representative retting methods

In general, the more finely divided the plant material is the more intense and
rapid the retting process and the accompanying heat production will be. Furthermore,
and particularly noteworthy, the more rapid the action the more precisely it must be
controlled. Novices are urged, therefore, to explore the possibilities of retting
first with the simplest procedures such as bale retting.

Table 1. Approximate conditions for representative rets, all starting
with parboiled and defoliated whole shrub.

Type Plants Moisture, Temper- Aeration Time Conditions
%Wet Wt. ature °c

Basis

Bale Ret Baled Whole 25-40 40-55 Automatic 21 Protected Bodega
storage

Floor Ret Cut to 1" 35-50 <55 Automatic 7 Spread 1" deep
(unturned)

Drum Ret Cut to 0.5" 52+3 30+3 Forced 3 Rotating Drum
(contin. & crushed with artificial
turning) to 0.004" cooling

Pros and cons of retting

The main contribution of retting derives from its action in preserving rubber
quality between field and mill. In an operation which does not accomplish this by
other means, retting can playa crucial role. Moist shrub is subject to microbial
action, and retting may be simply a matter of holding such shrub to accomplish coag
ulation of rubber under conditions which also produce decomposition of deleterious
resins and decrease the total mass to be milled by as much as 1/3. Necessary storage
time could thus be used to accomplish rubber quality improvement. Milling time is
shortened because of the thorough hydration and loosening of all wall structure and
decreased mass fed to the mills.

147



---- f

.
----,-,-~----------;---,----~'--'--,-,--'---i--:--r--,-~----r---:----;---------------.- .. ----

,

i
I

i

,
: .-- ...--,---.----.-~---.:.-.~---- ..-: ... -....:-----.-.-.--- _.~-- ..- ..... - j' .. _..-:----, ! --. -r o

--.- -j--r-- -,--+-'--'-
i- ;----~--~--!---i--+·+~-·iEFF¢CT jOF LOWERING RESINS' IN - CRUDE : RUBBER - .-~--.L-:._ i·
I :; :; I : i . I ; ! i I I I • . I I ~ ! I! i i .
f .. ----:.---.-.;...---.•--~.--! ..... J._-' c ON TENSILE' STRENGTH--:---·' --1·---;----1·- -.+-- .. ------- -- -- -.;
j .] ~ .. : ' _ _.~. L. ' i: .': i. 'I'. I ._:. _. i -. :. _.
, • I I • ". I' I

. , b' b' ' I . I d . .' f h 'b ., i.'--- ..<.. -: --- 0_ 0 y micro looqlca, ereSlnatlon 0 S ru ..... !_ .:._~.::,' ,- .. :
• I. •• •• • I . i" . . . I ' . . I l' • I,. . ~

-.. ~ -- ..:·1 :-:'; ;' .. ::-~ ~::T~' ~Y ,chemical : deresi nation of wet 'crude :"'; ::!:.! .. '

, I' I .!. I -- .... , .. I' ',I .. I , .. I·' I .. I . ,-.. ; '" -,,-.; : I" .'" I :. I

rl:~-;-,-t!--il is<lo! ! 'i~,,:.ILj~l!-ir' !U!.;//;J:-,-,',:JL',- ~~;-t : .'~,
.. ,-; : I ~ ; I-'!" :-'1 "," I. '. I !,., -y . - I I I 1 .. 1 I,". I I

C-;'~.i--,,; J'-'i ~ : ,:-.(} :Y-T::::~,}:i' T:~' :: '/l-[~:J- i' ~ _... !" i j'- i : '-1 -: t ' .,
~---: ~-- ~-'-r w .. 260 0 ···j::-,--:--r---, ....\. .•.,,, ---" --- r-:---+-' --·--1 -- ... 'j_.• L__ .J -.. ,-. "r -- •••.. ·-·-1----·--- 4.- "'--1
I'~!r!,:.,: ,~~4~oji~!,!,!LL;!·~r,:,!:!,·· ;'I:i IEii!:i::;:>!

r :..: ! c: r ' • ~ 1";"--', ; , I· j : I I" :. I I ! . I I
, ,','; .. I, Cl) .:: I';"";"-:-..- I" - ! 1 I ~., I Iii--. -,.: . ! -i: ;. .:. i": - '

I ; tl h I -. i I I I , ! I·: .' ~ 1 : I .. :.; , i ' i
i~- '-':~-~:--r:':'-;'-: ... ;-:-2290 --... -+,--,\,-: '!---r-·"I L ';':1",I .. __.., :"';-J-"::-.;" i __i.:. :·--l··~i-r·:--;--··i-+--i'
I ••.• •. . I' I, I .. I • , '. .... l Ii· I ,

~ •. '. '-':,t+~,*o?o ::: ' i ; , . : : • : ! i :.~,L~l····
j •.- ' -'" L:-"'-'1--' +- ; 22 -I' ...... ..j. 18 l' i __ ' .14· ! . Ip " 6 I ,~.2 ~:: I .. ! .'
I •• I I I I" I I I.. I. • ·'·1
• I·" I ,'I' I . ' . . , : I" ,. ,
,._-:- --;--- -. '- -:--~ .. :_...~._.J. _: __ j_' _, --Ac~ ton e, . Extract.: - ;%! - '. :;; __ ;-- .;.~ ': .... :--..+:_.i.---:--:---L.. ~

I 1'. ,I: I ,I. i ' I, • I . I' 'i I

_. .. __ ~ _.J_~ "-!-lj-j-- -i ' i:-:._~:·-: _~L_L~__:__: .; ~··l_~_. ,-"--~L-~~~!-- _.~'__'_~_._._ ..

~
~

00

Figure 1



•

'.

Because of the specificity of biological action. decomposition of resinous
hydrocarbons and other non-rubber components is not accompanied by loss of rubber.
Comparative studies of the chemical nature of the rubber products are needed.

If recovery of resins is important. retting would limit the efficiency of
their recovery as a by-product. but would not eliminate them. Recovery of dry
matter as fiber would also be reduced and fiber quality might be impaired. The
holding time between harvest and milling would be longer for some kinds of retting
than the minimum required for rubber coagulation. Retting should be eliminated in
any program directed toward latex recovery.

Areas for research

We do net know the identity of anyone of the resinous components which cause
rubber deterioration. Gas liquid chromatography would now permit in a short time
separation and characterization of these compounds which was impossible in 1945.
Any program for guayu1e rubber production needs this information as a guide and
possible help in quality control. Identification of the active compound(s) would
also permit identification of the place and mode of deleterious action and possibly
permit circumvention of the loss or replacement of retting by a more direct approach
to preventing rubber deterioration. Are the benefits of microba1 and chemical de
resination (acetone. acetic acid. etc.) similar or additive? Where in the plant do
the deleterious resins come from. and could they be reduced or eliminated prior to
processing? Further knowledge is needed of the action of specific microorganisms
known to be effective in improving rubber quality.

The conditions required for successful retting are well explored, but work will
be needed to establish the most practical way of achieving those conditions in the
social and economic setting in which the industry operates.

Retting, a natural microbial process which promotes coagulation of rubber in
the shrub, selectively eliminates deleterious acetone soluble impurities. and re
duces deterioration of rubber quality in processing. This could be of value. par
ticularly in medium and small scale operations. If production becomes a cottage
industry, retting might be a useful adjunct in processing shrub.
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EXPERIENCES IN GROWING, PROCESSING AND
MARKETING GUAYULE RUBBER

Hugh H. Anderson
Pacific Rubber Growers

Much evidence has been brought before us in different categories of accom
plishment, together with opportunities for further improvement in seeds, nursery
handling, planting and land management, and harvesting. Both achievements and
problems have been exposed in extraction and deresination.

I have been asked to relate my personal experiences, as they bring a different
point of view. I am not a scientist as many of you are, but a business man with
training and experience with that emphasis. Perhaps my viewpoint will prove use
ful. I hope so. Generally, I would like to emphasize the success of our extrac
tion process by pointing out that I, as a business person and not an engineer,
have extracted rubber that has been described as "having qualities equal or
superior to Hevea rubber," using Manzanar Relocation Center techniques in a lab
that I built and used. I propose that rubber from the guayule shrub is low cost
and high quality at this moment and is likely to retain these competitively favor
able attributes for a long, long time. I agree that guayule rubber is subject to
great improvement in per-acre yields and the current methods of harvesting, both
of which are manifestly on the way.

At the end of the war which made the Emergency Rubber Project necessary, I
was able, with a group of associates, to purchase the last remaining 1,150-acre
stand of shrub on the Phillips Ranch in Southern California. Because of the ex
cellence of the land on which it grew, the shrub was large and beautiful. It had
only 9% hydrocarbon by analysis. Nevertheless the rubber totalled several hundred
thousand pounds.

We built an extraction mill. As soon as we we~e confident that we c10uld
deliver according to order, I took 200 pounds of our best commercially produced
rubber to the Wrigley Gum Company in Chicago. We had previously been giv1en verbal
commitment by Wrigley for orders for all our rubber at $3.00/lb. but were given a
written order for the first hundred tons at only 90¢/lb. This was adequately ex
plained--a matter involving the Company in certain embarrassments--and we accepted
their explanation, still planning on the $3.00 figure. Their purchasing agent was
ecstatic over the quality of our rubber. Then he told us that Wrigley had just
been given federal permission to buy from the U.S. stockpile at l7-l/2¢/lb. He
offered us a few cents over that, but we had engineered our plant for a one-time
operation, knowing that we wouldn't replant on the high water retentive soil of
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the Phillips Ranch. Also we planned our factory operation as labor intensive,
for a rubber cost of 20¢/lb. Quantity sales in this instance would increase our
losses, not reduce them, so we came to no agreement with Wrigley. Meanwhile the
government in this period of strategic war material control would allow us to sell
our material to ~~ else. We were able to sell the land at a profit and we
watched our buyer plough under the guayule, plant barley and obtain bountiful
crops--for far greater yields than he had ever harvested previously in the immediate
area. We had proven the feasibility of commercially extracting rubber with our
process. We had taken the operation out of the lab.

Years later, in 1964, after I had talked with many persons and businesses that
might be interested in using rubber and after I had handed out all my rubber sam
ples, the question arose: Where to get more? I decided I would build a mill and
import wild shrub from Mexico. By placing the raw rubber in commercial hands for
testing, I could gain slabs that would be used for samples. The procedure was a
bit complicated. From shrub that was very dry--a month out of Mexican soil and
hardly chosen for its high rubber-bearing quality--I extracted adequate quantities
of rubber for testing. This rubber was placed in the hands of four different man
ufacturing companies that were processing rubber for the market. They were asked
to tell me in writing what they thought of it after practical testing. I reasoned
that this was better than placing it all in one commercial testing laboratory. I
wanted opinions of several manufacturers and especially of several potential buyers.
I received the opinions and I will report later on them.

I also visited the guayule plantings in Turkey and Spain. Spain extracted all
the Turkish-grown rubber as well as their own using the Salinas improved process.
By invitation of the government, I went to Western Australia where they did field
testing for us, but Frank Kageyama, who accompanied me pn one visit, later dis
covered that the seedlings had been planted in dry sand without water. Only ten
percent of them survived. However, we found that there was moisture five feet
below the surface and we concluded that the surviving seedlings with at least a
half-inch crown diameter had done very well. The smaller seedlings--the other 90%-
didn't have what it takes to reach the moisture level at planting time. In another
planting where not one plant grew, Frank found that each seedling had been suspended
in a hole by a pinched-up dirt collar. Not one root touched soil. The Australian
government then mistakenly concluded that guayule would not grow there. Then we
discovered a patch of guayule shrub that had been planted in 1942 and was growing
very well--which, incidentally, solved one of our fears. It indicated that kan
garoos and rabbits leave it alone. This l8-year-old shrub was thriving in nine
inches of soil resting on hardpan.

May I say at this time how very grateful I have been for materials and infor
mation that I have been given by many in this audience. I also have Major Kelley's
private rubber library. I spent much time with Paul Roberts and attended all of
the meetings of the governor-appointed California State Guayule Committee, chaired
by Carlyle Thorpe, and I followed the Federal Natural Rubber Advisory Committee
chaired by Dr. David Spence. Dr. Bradley, who was formerly Director of Laborato
ries of the U.S. Rubber Co., was a close associate in building our mill at Banning
and was most helpful with advice and experience. There are many more, I regret to
say, to whom I can extend appreciation only in retrospect, such as George Miller
and especially Dr. Robert Emerson.

You may be aware of the position of E.F. Schumacher, the great British econo
mist who suggests alternate action in many of our industrial uses of energy. This
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idea is not sacred to only economists. All the rubber manufacturers that I know
are, without exception, of the same mind.

We may be here today to examine a possible alternate use of energy in the
rubber industry, namely solar energy by a shrub, so let's look at costs arId qual
ities of guayule rubber as I know them.

Early costs were set forth, based on several decades of experience by the
Intercontinental Rubber Company, in the figures of their Mr. Lee, AccountBLnt.
Using their figures, the experience of the ERP, and of Manzanar, we are able to
suggest the following significant cost reductions:

1. Land was 25% of the total cost. Fifteen years ago I was offered 200,000
acres of Australian land at no cost at all. It was good land fOl' guayule.
Today that same arrangement should be possible, as I learned last: year
from the present government in Australia.

3. Intercontinental stored baled shrub for rubber coagulation before: they
milled. Instead, we mill as soon as we can get the shrub out of the
ground and into the factory--no storage.

When we took over the Phillips
We eliminated permanently the
weeds with only three menl, part-

2. Weeds were controlled by hand hoeing.
Ranch there were 100 men hoeing weeds.
morning glory pest and controlled other
time, using Salinas-developed methods.

•
4. Pebble ball milling was handled in batches. Our process is continuous

with a system that requires no stoppage of operations even when one of
the Jordan engines breaks down.

5. Rubber recovery from the shrub was established as "not much over 65%"
by conversations with Senor Roberto Ross, formerly manager of the mill
at Torre6n for Intercontinental. His counsel combined with the report
of Miller and Kaley on the five mills operating in Mexico during the
war, made our extraction process appear to be very low cost by comparison.
We expect to commercially recover 99% of the rubber. Laboratory runs
by Robert Emerson and Shimpe Nishimura showed occasional recoveries of
over 100% as established by chemical analysis.

While it is not possible to recite actual costs without the experience of operating,
we feel with conviction that the cost of rubber production should not be more than
it was 40 years ago in spite of rising costs due to inflation.

But we have other means of mitigating costs. In working with Crown Zellerbach
Paper Company and Adamson Engineers, we find our bagasse is saleable. Mr. Olm
stead of Crown Zellerbach on September 4, 1943, expressed the opinion that if the
bagasse were available in adequate quantities, its value for paper pulp could be
expected to pay the cost of extracting rubber. This statement is taken fr,om the
notes of Robert Emerson who went to San Francisco with samples of Manzanar bagasse.*
Adamson Engineers, to qualify them for an opinion, built a large paper co~pany

utilizing sugar cane bagasse as the principal constituent of raw material •••• so
their favorable opinion was significant.

*Two-three tons of pulp for Kraft paper per ton of rubber priced $342/T. ill Sept. '75.
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In addition, in an area in which we, as yet, have done no work, we are told
by Dr. Irving Feustel and Mr. Ken Taylor that possibly the resins can be made
to show values equal to those of rubber. We know that Dr. Bradley gave perfume
from the resins that his wife used as Christmas presents. I was told in Spain
that Dr. Eloy Dorado Bernal had obtained a valuable hormone, but I later re
ceived a letter saying the substance had only 20 carbon atoms and therefore was
not of the family of hormones that was originally thought. I am saying this to
correct any misunderstanding that I may have caused by the first report.

In re-emphasizing two points that I have made, I ask, "What is continuous
operation worth in contrast to batch operation? What is the value of being able
to harvest any time of the year with.no storage expense, but instead proceeding
directly to an extraction process that brings forth nearly 50% more rubber recovery?"

Our process was examined by C.F. Braun Engineers who design and build rubber
factories for synthetic rubber production. The company that employed Braun did so
in order to establish that they could proceed to provide us with a five million
dollar backing. Braun gave them the green light to go ahead. Some Australian
political considerations later stopped us. Also Dr. Vogt, who was in charge of
building the first synthetic rubber plant in Southern California for Shell" Oil,
gave us his encouragement after studying our operation. He said that he believed
that we would be in business long after synthetic rubber had gone.

However, we think quality is our rubber's greatest virtue. For identity among
other rubbers, we call our rubber Parthenium. May I give some comparisons? The
following figures and statements are from outside sources. We gave samples of raw
Parthenium rubber to rubber processors who have given their observations.

From our factory rubber that was produced at Banning, California in 1947:
1) Mr. Bilheller of Muehlstein writes that men in his company in New York

were favorably impressed.
2) Dr. Bradley said the rubber was superior guayule. He had it tested at

his lab at U.S.R. Co.
3) Mr. James Holm, President of Kirkhill, Inc., stated that had the rubber

not been 12 years old, it would have provided results in processing equal
or even superior to ordinary smoke sheets.

From the Anderson lab of 1966 are the following:
1) B.R. Snyder of Vanderbilt Company of New York--feels offers of a cent or

so a pound premium might be paid over regular smoke sheet prices ... for
limited uses.

2) Robert H. Pratt, President of Crown Rubber Co., states the rubber has
excellent hand with tensiles from 3,600 to 4,200 psi which he finds
excellent.

3) W.M. Moser of the Reeves Rubber Co. states the ease of processing are
impressive. He finds the physical properties fall well within the range
of those obtained from~ Rubber. But he wants it at a lower price
than plantation rubber.

4) Mr. Fred D. Williams, chemist for Schultz Rubber Products, says he finds
that in a number of properties superior to Hevea Rubber, particularly
processing, moldability, building tack and mixing. Tensiles up to
4,200 psi.

5) Dr. C.E. Bradley gives his opinion of guayule rubber in general from 35
years experience in working with it and after observing the work at Man
zanar and Banning, Calif.
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Eleven million short tons of rubber were used by the world last year.. At
30¢ a pound the value would be six billion dollars. There was much sold for less
than 30¢ and some for more, but if the figures are off one to two percent, it is
still a large market. If one could produce that much rubber on a nearly eost-free
basis by selling his byproducts advantageously, the endeavor would be worthy of
the most prudent investor. Winston Churchill did organize a control over rubber
in the early twenties when the price was set at $3.00 a pound. It may be of
interest that when I was in Kuala Lumpur, Malaysia last year, I was told by govern
ment officials that 20% of the plantations had been destroyed, mainly for the
purpose of replanting with oil palms for greater economic gain and for growing food.
The world's supply of Revea has come from that area where 93% of tree rubber is-grown commercially.

Parthenium rubber compares favorably with existing natural rubber, oJ:' syn
thetic rubber, in cost, quality and breadth of commercial applications. It is
produced with a small percentage of the labor of tree rubber. It grows 011 lands
of limited benefit for other crops, between the 20th and 40th parallels (and is
not limited to a narrow strip of land close to the equator in very moist climates
with plenty of 40-50¢ a day laborers available--as in tree rubber). It w:lll adapt
to good lands, as long as moisture control is possible. It has byproducts that
will cover virtually all costs. Therefore it would seem that the successful future
of Parthenium rubber is clearly assured.

It will be good to have arid, Indian lands put to constructive and bE~neficial

advantage of both those whose entrepreneurial skills lead the way, and thE~ land
owners. I would suggest that large companies begin their building for a future
rubber supply for that time when petroleum derivatives are priced at prohjLbitive
levels for making synthetic rubber. As there won't likely be any rubber from the
guayule plant for five years, the time to start is now.

This conference has presented the opportunity for expression that guayule
proponents have long awaited. We have known since Emergency Rubber Projec:t days
that guayule was likely to provide the new rubber, but it took economic cc)nditions
to give us a platform.

Rubber from guayule is in the hands of the future. I suggest the future is
closer than we think.

Comments

Question: (Bonner) Hugh, you're beating the drum for guayule as a dry lsmds crop
and I think before we can realistically accept this sort of a designation, we do
have to have more detailed information than anyone has provided on rubber yield
per acre, the function of amount of water applied. It hasn't been demonstrated
to my satisfaction that economically reliable yield of rubber can be produced from
guayule as a cultivated desert crop.

Comment: (Anderson) James, my prime function is that in the extraction process,
as you know, and I'm afraid that we're going to have to leave it up to so~~ of the
agricultural experts to do the dry land planning for us.

Question: (K. Taylor) Using caustic in the work that we did on the Emergency
Rubber Process, we found that the aging characteristics of crude guayule held in
the bale that had previously been treated with caustic were very poor. We'd be
very interested to know how you overcame that.
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Anderson: I'm not quite sure that I understood you, Ken. You say rubber held in
the bale?

• Taylor: Yes, baled as in this block that's here on the table.
which had previously been treated with caustic in the operation
poor storage characteristics.

Anderson: Do you mean the bales being stored?

Taylor: Yes, the bales being stored.

Anderson: Oh, well, we wouldn't think of doing it that way.

The crude rubber
of recovery showed

•

Taylor: No, I mean the bales of the crude rubber such as this bale here.

Anderson: I see. Let me tell you a little story here. About a month ago this
piece of rubber was raw rubber. At the suggestion of Dr. Vietmeyer, I had it
tested and had it compounded on the gum formulation by one of the local rubber
companies. The tests were very low, I'll have to admit. The tensile was only
1600 pounds. I have a letter to this effect explaining why and so on. But I think
it must be pointed out that that rubber was extracted 28 years and has been held in
the raw state all that time. Does that help? I might say that when we had some
rubber 12 years old we took it to the Kirkhill Rubber Company and had it processed.
It was some of this same rubber. Jim Hone, the president, wrote me a letter to
the effect that had the rubber not been slightly oxidized, it would have handled
equal to or superior to Hevea rubber. As it was, it was highly satisfactory for
all of their process needs.

Emerson: I may be able to clarify this, I'm not sure. I've been reading the rel
evant papers recently. The manner of storage was at least looked at by the Manzanar
group when this process was worked out, and the statement in the literature is that
the shelf life of rubber extracted in this way was exceedingly good but it is not
stated whether it was baled. Personally I doubt if it was, but I don't think there
was that much out of the Manzanar Project very often. Now you might be able to
clarify, Hugh, I'm not sure, but the point is that this was at least looked at
and under the conditions it was looked at the stability seemed to be better than
in many cases. There were some other additions to the process. The deresinating
that they used was an acid process and that may have contributed to stability sub
sequently. That's difficult to know and I don't think that the problem is treated
anywhere in the literature. It's clearly a place where more research is needed
soon.

Anderson: Yes, Ken, that might help to clarify it a little bit. In our deresina
tion process, and this is for Mr. Campos too, we always used acetic acid. Whether
it was right or wrong, we got phenomenal results. So this may have helped to off
set any injury that came from the caustic. It was done to make milling roughly
one-fifth the time required for ball milling, and possibly even less than that for
equal results, or the 99% recovery.
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Comments

George A. McCallum, son of W.B. McCallum

I think I ought to consider myself the original ball mill. As you know, one
of Dad's methods of analysis was to cut off a piece of the bark and chew it, but
as long as he had me or one of my brothers around, we were the ones who chewed it.
I can remember going down to the field and he'd look at a plant and say, "That
looks pretty good; here, have a piece and chew it." So my recollection of guayule
starts with its taste. Then the rest of it was really chasing it around the
country except that I really didn't chase it in Mexico because I wasn't born yet
when the unsettled conditions of the revolution made it obvious that they should
try to grow it in this country. Prior to that time they hired my father ~ho was
a plant physiologist. I think it's quite fitting that this Conference be held here
at the University of Arizona because his first job after he got his degree was
working here at the University. The rubber company hired him away from the Uni
versity to work on this wild plant. He had a number of problems because, as you
know, when you pick the seed and try to germinate it right away, it will n.ot ger
minate. Here was a plant where the roots spread out. How are you going to raise
it in a nursery? There were a large number of problems plus the fact that there
are so many different variations in the wild plant.

He segregated over 1300 different variations. I think he did somethi.ng that
no one at that time could anticipate but it wasn't very good. Any of thos:e that
were variable which meant that they reproduce sexually, he threw away because he
wanted consistent results in obtaining rubber. So he ended up with the vSlrities
that reproduced asexually, but gave consistent results. They did begin a program
in the late 30's of trying to breed, but here again the ones he had to stslrt with
were the very ones which he had chosen because they were consistent. About that
time the federal government had stepped in. They had come to the conclusion that
maybe they ought to go back down to Mexico and bring up some other varieties,
some of those he'd thrown away. But with the advanced pace of the war, things
were changed. It's amazing to me to see the large number of people who we,rked
On this over a period of a few years, and advanced the know-how because the~ federal
government was smart enough to bring in specialists in all fields. Dad WBLS orig
inally a plant physiologist, and he was the man who worked on guayule until that
time, as far as commercial production was concerned. But after hearing re~ports

at this meeting, it still looks as if there's a great deal of work to be done in
tying in the different characteristics of the different varieties by making
crosses, and perhaps developing plants which will grow fast under conditions
different from those that were used in the rubber project. Because there again
you had one or two varieties that had specific characteristics, it might ~7ell be
that good rubber producing plants can be produced that will grow under different
conditions; I think all of this needs to be investigated.

It was mentioned that when father moved out of Mexico during the revolution,
they forbade him to take any seeds and he carried some in his tobacco can" I might
say that that was not the only trip he made to Mexico, because in that tobacco can
he had only a few varieties. Before he got through, as I indicated, he h~ld more
than 1300 varieties and I hope the federal government, at least the Border Patrol,
does not feel that they can penalize the second generation. But if I do say so,
he was a very good smuggler.
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Comments

Ken Emerson

I was 10 when the war began and 15 when it ended. For the four years from
1942-45 our family pretty much lived guayule one way or another, because we were
constantly involved in the various goings on that were required to start and run
the Manzanar Project. Things have been said which I appreciate very much about
my father's role in the Manzanar Project. I think that due credit should be given
at this point to the several Japanese co-workers in that project, some of whom were
exceedingly clever and talented men. The project would never have gotten to the
place it did were it not for the participation of people like Shimpe Nishimura,
Akura Acoma and Frank Irasawa, and a' number of other people involved in that pro
ject. It's true my father was a person who got it off the ground and perhaps kept
it running, but it had-to be somebody outside of the camp. Without those other
people, it would not have accomplished anything like the amount that it did.

There are some pretty serious differences in aim between the Manzanar Project
and the ERP. The Manzanar Project was a bootstrap operation from the first, with
no budget and it therefore was looking to different things in certain ways--and
was not able to do the kinds of things which ERP could do. It was not trying to
do a production line operation, so that some of the things needed to be com-
pared carefully when you look at the two. I don't mean to suggest that one could
not use the techniques that were used at Manzanar at production scale; I think
Hugh Anderson has dealt well with that and I think that these can be done. The
only things that I can add to this are reminiscences of which there have been a
great many. I well remember the amounts of rubber, the kinds of things that hung
around the house that Hugh has been bringing out of his pocket in the last few
days. We have those things by the bale in the house. When we began to find out
what quality rubber this was and to vulcanize it, to get samples Bob went down to
the U.S. Rubber Company and worked with Mr. Bradley. The only thing they could
find for a mold at first was an old mold which made six rubber airplane tail
wheels for what must have been a very small airplane. At one time, I'm sure that
there were a dozen of those things in the house in various colors. We had those
airplane tail wheels allover the place, and all sorts of different things were
done to use this as a test. The other thing which I think they eventually found
was a milking machine cup. We had a lot of those around the house; no cows but
lots of milking machine cups. So there were a lot of these kinds of things done.

I think that there were probably gaps in communication between the ERP and
the Manzanar Project at times during the war, and that this was probably an in
herent situation. It would have been difficult to achieve any more than was
achieved. But I think one of the things that this Conference has done is to bridge
those gaps pretty thoroughly, and I'm very glad to see it.

Walter Fetterer

One of the requirements of getting a guayule project off the ground is con
vincing a Congress and a State Department that we should become more self-sufficient.
Right now they're fairly intent on making us very dependent on Russia for natural
gas, and on China for oil, because China has probably the biggest untapped oil
reserves in the world. They have a lot off their mainland. Guayule will have a
hard time getting off the ground because they don't seem to want to make us self
sufficient in any area. I mention this because I think it has been a problem
with guayule all along.
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I was associated with the breeding and with the agronomic groups. My office
was next to Del Tingy's office, so I spent a bit of time with him. This crop ca~

be mechanized; it is a U.S. crop. It can be grown. I look at it as a very feasible
thing as far as U.S. agriculture is concerned. Wi~h respect to plant breeding,
there are many problems that haven't been dealt with, and in this connectic)n I'd
like to say that all your tests on rubber on its tensile strength and everything
else that has been done be considered as lower bounds. If you give a plant breeder
a goal, he can increase these things. There's been no selection, as far al9 !
understand, for higher quality, i.e., to take out the resin. There's no rlaason the
plant breeders cannot take most of the resin out.

The other thing is the higher rubber percentage. For example, if you go to
sugar beets as an area. One company was in serious trouble; they were going out
of business unless they could get another percent of sugar. What did the breeder
do? He told them how to do it; not only did they get a 1% increase in sug,ar per
centage, they got 1-1/2%, and they also got an extra ton of beets per acre.
Another example in sugar beets is that people would like to harvest them a couple
weeks earlier. Even the plant breeder at the sugar beet company said it cl)uldn't
be done and get as much sugar. But the trouble was that he had 43 hybrids in a
test there and several of those hybrids had already made him a liar by the end of
the year. So you could harvest it two weeks earlier and get more sugar th,an the
standard variety. These are all possible.

Another thing you want to look at is higher yields. If you look at Sl)me of
the work that John Lundquist is doing at the University of Wisconsin, and look
what Powers did with Colorado Red, the tomato variety in Colorado, what Pl,acedit
has just done with potatoes, and after all, potatoes have been around for ia long
time. If somone comes up with a new strain that yields 50% more than the standard,
that's a breakthrough. And he just did it. In other words, instead of getting
370 bushels per acre on Long Island, he gets 540 now. That's 100 hundred-pound
sacks per acre--and that's a lot of spuds. The breeders can do it. Look ,at the
agronomist, the breeder, and all the other plant scientists together and slee what
they've done to corn yields in 40 years in the U.S. The wheat average is up five
times over what it was 30-40 years ago. The corn average is up at least flour
times over what it was 30 years ago; these combined practices can really glet the
yields. Don't worry about getting more production. The breeder will give it to
you if you give him the money and the yields.

There's another thing that is troublesome in the milling. These are the
leaves. Maybe you could breed for leaf drop but let me use a better method.
Certainly if it's going to be used in Indian agriculture, let's take sheep or goats
and bring them in to defoliate the plant. It doesn't cost you anything; you can
see the sheep and goats eating the guayule on the range in the Big Bend country.
So why won't they eat it when grown under cultivation? I would use sh~p and
goats to defoliate most of it. They won't get it all off but there would be fewer
weeds. You could use guayule as an alternate pasture in your dry areas. If your
regular pasture doesn't come through, instead of harvesting your guayule this year,
use it for pasture and harvest it next year. Unlike most other crops (the annuals)
guayule is an extremely flexible crop.

Another thing that can be done with guayule which hasn't been tried is to grow
mixtures of crops. Many years ago, before we became so specialized in the U.S.,
we always had watermelons in the corn patch. That was called crop mixture:9. You
can put cucurbits, desert squashes and other plants between the rows. These are
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all possibilities. On a world-wide basis, I might back up just a little bit.
Professor Neal Jansen put out a paper on a multiline theory in the early '50's
and I guess most people thought he was crazy. You know you don't grow mixtures
of crops, but now everybody's beginning to accept him. Maybe that's the way with
guayule--you were just 30 years ahead of your time in getting the research out,
and maybe it can be used at this time. So if you get too far ahead, people won't
use it. But in any event, he put out this multiline theory, that you grow five
to ten varieties and alternate them. They all have different characteristics
except for yield. They all yield the same, and if a smut comes through or a rust
comes through, it wipes out some of the varieties but not all of them. Not only
that, by having them interspersed the disease doesn't spread as fast, so you gain
many, many ways. You can also grow them in mixtures. He has results showing that
if you grow Clinton Oats in a mixture, it gains eight bushels per acre. Its
neighbors lose only two, so you get a net gain. This is on half the space so
you'd have to cut that in two, thus, you' get a net gain of three bushels per acre
just by growing a mixture. As I say, he started this years ago. Now there's
interest in this. Nigeria is setting up a big conference in South America. They
use multiple cropping, corn, casava and these things, and there is multiple crop
ping going on around the world. So I would say that multiple cropping is an area
that should be researched.

Another use I could see for guayule is as a shelter belt. Most of you for
get--well, I guess most of you don't--the dustbowl days. The dustbowls are going
to be with us again, you can bet just as certain as I'm standing here. But if
you had guayule planted every two or three miles, you could harvest it--or a
quarter of it--in a four-year cycle, i.e., harvest one fourth of it every year
and maybe replant a quarter. This could be used as a shelter belt and at the same
time you have a shelter belt which yields an economic gain. Of course, there'd
have to be a mill in the area and things like that but these would have to be
worked out. So look at it as a shelter belt, because here is a crop that can be
used in that way.

You'd need to get cold resistance to get it up into the areas where you'd
want it. Western Kansas, Western Oklahoma, and Eastern Colorado are the areas I
would be thinking about for that. So here are some possible uses, and there must
be many, many more, that you can have for a crop like this. I would like to em
phasize again that I think it is a U.S. crop but we have to solve the politics
first.

Dwight Miller

I feel like an outsider attending a 30-year reunion in which I had no part,
but it certainly has been interesting these past three days. It appears that most
of the work in this field has come to a standstill in that time. I wish to point
out, however, that there are many other developments or new inventions coming
along that certainly could contribute quite extensively to some of the problems
that have been mentioned over the past three days. I am referring particularly
to the question of water, and particularly the water at the time of planting or
transplanting. At the Northern Regional Research Center in Peoria, of which I
claim to be the Assistant Director, we have quite an extensive research program
in new crops and also do a great deal of research on rubber chemicals. This is
one reason that I am here today. I do want to mention something that we have
rather recently developed that could play a ~ery large role in not only this new
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crop, but also other new crops that may be grown in the arid regions of the U.s.
As part of our research program, we have developed a series of what we call starch
graph polmers. We have a whole series of these materials and many of the1l1 have
special uses in various fields from the paper industry to what-have-you. One of
these which is the starch-polyacrylonitrile had such unusual properties and is
attracting so much attention that one of the people happened to dub it super
slupper, because it seemed to grab onto and hold onto water so much. I'm sure
that many of you may have heard of this material. We have a whole group of these.
We now have advanced to where, in distilled water for example, some of thE!se will
hold 2,000 times their weight of water. I have picked up a piece of this at times
and held a hunk of water. Really, it's 99.9 plus percent water, and yet jLt does
not drip out of it at all. This has received a great deal of attention. At least
1500 companies have been in contact with us recently with interest in thiEl mate
rial. Of course, the higher the salts and all, the smaller the amounts it: can
hold. It was classed as one of the top inventions of last year and in fae~t it
was singled out further than that as one of the top six inventions in the U.s. in
the last year. This material is under a national program now. You can i1l1agine
its biggest demand has been for a diaper material, because it will hold pE!rhaps
up to as high as 100 times its weight of urine and does not leak out in any way.
You cannot even squeeze the water out of it if you pick it up by hand.

Today, both federal, state, and some of the other agencies are looking at
this as a potential material for coating seeds before they are planted, or coating
roots before they are planted. You put it in and need only the one waterjLng. It
is biodegradable and as far as we know is not toxic to plants. Of course,. it
will disappear in a matter of time. I just wanted to take the occasion tel say
that it's materials like this that could very well contribute to the development
of such materials as jojoba, guayule, or many other materials in the arid regions.
I welcome the opportunity to point out to you one of the recent developments of
our Northern Regional Research Center which is part of ARS, USDA in Peori~l, IL.

GUAYULE AND ITS INCORPORATION AS AN ECONOMIC ENTERPRISE
BY AMERICAN INDIANS

Gordon V. Krutz
Coordinator of Indian Programs, The University of Arizona

We are gathered at this Conference to discuss the various technological aspects
of the guayule plant, its potential impact as a natural resource in the production
of rubber, and in the future economic picture for many Southwestern Indian com
munities. Previous speakers have indicated that the development of the guayule
plant will require a mode~n industrial approach for the planning, developD~nt,

production and manufacture as a product for consumption.

From a socio-economic perspective guayule could offer a new way of life for
Indian people, providing opportunity for leadership and management training, ele
ments which are very essential in reaching the goal of self-determination and
sufficiency. In dealing with the topic of Indian self-determination and the ac
ceptance of guayule as a product for Indian production several important factors
will be considered, factors which are in the field of institutional change: and
human behavior.
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Essentially what we are talking about is not so much the acceptance of an
agricultural product, but from a theoretical perspective the transfer of a tech
nological innovation from one society to another. This does not mean that there
would be difficulty transferring guayule as a native plant, but it does mean that
for the acceptance of the technology to, make guayule a saleable product requires
a considerable knowledge, knowledge represented in a modern industrial society
with many years of experience to transform raw products into finished goods for
consumption.

The problem is therefore stated as: What is the process to incorporate into
a tribal society a technological innovation developed by modern industrial society,
requiring considerable training according to the scientific criteria of that
society? In short, is it possible to transfer modern technological innovation to
a tribal society that has not had the experience level to manage such an innovation?
If so, what is the process of change and acceptance?

In my discussion of these questions, I will look at three examples of Indian
business development, isolating crucial factors for the incorporation of external
technological innovations, how these innovations were fused with Indian community
activities and what changes occurred during the fusion and incorporation processes.
Following this analysis I will offer suggestions for the transfer and acceptance
of modern innovations from one society to another.

Prior to a discussion of these cases I want to acquaint you with a short
history of tribal-federal relations, centering on major attempts by the government
to raise the economic standards of American Indians. There is room for some
criticism of federal attempts to improve the Indian economic picture in the past,
but it's difficult to criticize current efforts to financially assist Indians.
One need only look at PL 93-638, the Indian Self-Determination and Education
Assistance Act, signed into law by President Ford this year. In this Act Congress
severely criticizes Federal agencies for not assisting Indian communities in
realizing the goal of self-determination and accepting responsibility for the
management of tribal affairs. The Act sets out a mandate whereby Indian involve
ment shall become important in all future tribal-federal relationshipst encourag
ing tribes to accept greater responsibility through contracting tribal services
normally administered by federal agencies. This Act is a milestone for Indian
opportunity, and could very well provide a training baseline for the development
of management skills and employment of local residents in positions presently
filled by non-Indians.

As exciting as is the possibility for Indian self-determination offered
through PL 638 and other federal programs of Indian economic development potential
as found in housing through HUD, small business and industrial development through
EDA and SBA, there remains a conservative attitude in the all-out acceptance of
these programs by the Indian people. The problem is not in the area of program
availability, but in the area of acceptance, acceptance which becomes reserved
through a century of inconsistent tribal-federal relationships.

At the beginning of tribal-federal relationships, Indian tribes were dealt
with as independent nations, requiring treaties for the use of their lands by
European immigrants. The first treaty between the United States and Indian nations
was in 1794 recognizing the political sovereignty of these six tribal groups and
their relationship with the United States.
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As the pressure for land increased during the westward movement of E:uropean
settlers, Indian tribes were either annihilated, assimilated, or pushed further
westward. More organized tribal groups resisted with physical force or a,ttempted
to curb this encroachment through the court system as found in the Cherokee Nation
versus the State of Georgia in 1931, and Samuel A. Worcester versus the State of
Georgia, 1832, at which time the concept of a domestic dependent nation ~ras defined,
recognizing that the Cherokee tribe had territorial and sovereign rights as a tribal
group. Anyone who has studied the history of that time knows that Chief Justice
Marshall's decision was not respected when Andrew Jackson with federal troops
forcibly removed the Cherokees from Georgia to Oklahoma in a march called. the trail
of tears where nearly 10,000 Indian people died.

For a period of time Indian affairs was managed by the War Department and
in 1834 Congress established the Bureau of Indian Affairs to directly adndnister
Indian affairs. Early federal policy attempted to negotiate Indian coopE!ration
through the use of treaties, the violation of which was met with military force,
consequently reducing a large portion of tribal resistance, setting asidE! Indian
reservations to control hostilities and to protect Indians from extincticln.

With Indian hostility controlled, the federal government established. programs
to assimiiate Indians into the mainstream of American society, a policy ~~ich is
reflected in an 1872 report to the Secretary of Interior:

In our intercourse with Indians it must always be borne in
mind that we are the most powerful party ••• we ••. claim
the right to control the soil which they occupy, and assume
that it is our duty to coerce them, if necessary, into the
adoptation and practice of our habits and customs.

During the 1870's there were two important government activities ain~d at
Indian assimilation: the formulation of the boarding schools and the General
Allotment Act of 1887 (Dawes Act). At this time boarding schools were operated
with the following rationale described in a USBIA regulation code of 1884·:

Agents are expected to keep the (boarding) schools filled
with Indian pupils, first by persuasion; if this fails,
then by withholding rations or annuities or by such other
means as may reach the desired end.

Historical documents reveal the process by which students were taken from
their cultural setting, pl~ced to strange environments with outsiders spE~aking a
strange language, practicing unfamiliar customs. The recruiting of IndiBm students
did not seek out tribal counselor advice; it had a job to do: get the situdent
civilized as soon as possible regardless of his previous experience or wClrld view.

The Dawes Act of 1887 was passed under the basic assumption that what was right
for the general population was also right for the Indian, i.e., every person should
aspire to become a farmer, own a farm and raise a family in domestic tranquility.
The Act allotted Indian lands held in trust to individual families, usually in
l60-acre plots, the remainder of which was made available to non-Indian s:ettlers.
After a period of time the Indian obtained title to this land, a title su.bject to
sale. The end result of this Act on Indian life-way is yet unclear; however, it
is clear that nearly 50 million acres of Indian land had been transferred. to non
Indian ownership, not including the fee patent land presently being sold by Indian
owners. The idea of providing land for farmers was a good one, that is good for
those wanting to be farmers; however, there were only a few tribes practicing farm
ing in l877!
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Indian abuses through their relationships with federal policies and members
of dominant society did not go unchallenged. Indian advocacy is represented in an
Act of 1924 declaring Indians as American citizens, the Meriam Report of 1928
recommending major structural changes in Indian education, the Indian Reorganiza
tion Act of 1934, and the results of a task force report in 1960. The Act of 1934
was to:

Conserve and develop Indian lands and resources; to extend
to Indians the right to form business and other organizations;
to establish a credit system for Indians; to grant certain
rights of home rule to Indians; to provide for vocational
education for Indians; and for other purposes.

Section 9 of this Act authorized $250,000 in any fiscal year "in defraying the
expenses of organizing Indian chartered corporations or other organizations created
under this Act," and Section 10 appropriated $10 million as a revolving fund for
promoting tribal economic development.

Indian economic development proceeded under the direction of the BIA, and
tribal councils were organized and chartered under the provisions of this Act.
Some tribes were so successful with economic development that Congress in 1953
passed House Concurrent Resolution 108 (PL 587) which provided for the termination
of federal services to the Klamath and Menominee tribes. PL 280 was also passed
in 1953, authorizing states to assume responsibility for law and order in Indian
areas.

Each of these Congressional Acts was based upon the subtle policy of Indian
assimilation and the withdrawal of federal services, assuming that these tribes
are self-sufficient and willing to become part of America's social mainstream.

It is interesting to point out the great difference between the ideal of
Indian assimilation as a human right and the federal policies inhibiting this
process, i.e., the establishment of Indian reservations and attempts to destroy
core tribal values facilitating isolation and resistance, discouraging voluntary
assimilation. It must be remembered that assimilation also requires a willingness
on the part of people to accept others as members of their own group, a process
that has rarely taken place between Indians and surrounding non-Indian communities.
The sting of social rejection and the fear of termination of federal services are
two major barriers to Indian assimilation as part of the so-called American
mainstream.

However, despite inconsistencies in federal policies for Indian economic
development and assimilation, there are rising numbers of examples within Indian
communities revealing Indian efforts towards self-sufficiency and developing
small businesses. These developments are occurring within the cultural frameworks
of tribal society within their own time perspectives, supported through funds
sponsored by the dominant society. Some of these enterprises are undertaken by
Indian individuals who provide their own impetus and capital as is found in the
case of Edward Kisto, a Papago, who established a landscaping service in 1971.
Mr. Kisto's Papago employees work on projects contracted by him both on and off
the reservation. This firm uses natural products such as ocotillo cactus and
saguaro ribs in fence construction and landscaping. He never exceeds the limits
of his own capital nor does he accept more jobs than his workers can manage. The
concept of profit making is used only for creating capital for paying wages and
gradual business expansion.
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Other Indian enterprises are found in family organizations which operate as
part of a community function. Such an operation is found with Hopi Crafts: at
Oraibi, Arizona. Started in 1961 by Wayne and Emory Sekaquaptewa and sponsored
by a small federal loan, this business has grown from an operation of two brothers
into one employing 15 full-time workers, producing silver crafts of high quality
known throughout the United States. The expansion of this business has ccme from
within the business itself and federal interference has been resisted.

Hopi Crafts has its own training program for Hopi youth, its own salE!s shop,
and its own marketing outlet. The decision-making process for the operatj.on of
Hopi Crafts comes from the Hopi mind, and its operation respectfully consj.ders the
ceremonial calendars of Hopi life and the needs of the Indian community. Many of
its workers hold responsible ceremonial positions in nearby communities and per
sonnel matters are solved according to Hopi custom. This operation is not: motivated
by profit motive and refuses to exploit its employees as a commodity of production.
Fellow employees are in many cases blood or clan relatives and the monetary
returns are shared with the community through employment and in business E~xpansion.

The acceptance of technological innovation in the production of silvE!r never
exceeds the comprehension of native craftsmen and production is geared to provide
a comfortable life wherein each craftsman sees the product from conception to
completion.

The last case is with the San Carlos Apache Jojoba Cooperative. Thisl cooper
ative was organized by Apaches with assistance from the University of Ari2;ona and
funds from several federal sources. Starting in 1972 with a grant from OE:O to
fund harvesting of the jojoba seeds, some 80,000 pounds were gathered by ~.pache

families, thereby forming the baseline for oil extraction, chemical experfmenta
tion and raw material to involve and interest industrial firms. The acceptance
of jojoba as an Apache industry was more easily facilitated since it is a plant
native to the area, used and named by them for medicinal purposes, and a form of
ready cash to family groups on a seasonal basis. The real test came when Mr.
Anderson helped organize the Cooperative requiring Apache management and commit
ment to a long-range program. The organization of the Association followed the
Apache pattern of careful review of important factors according to their time
schedule of acceptance. No high pressure selling could be used nor could the con
cept of profit making be used to implement this program. More importantly, plan
ning wherein all members of the community could benefit with the decision-'making
process remaining in the hands of Apache people is identified as an important
criteria for acceptance of the jojoba program. Profits were not seen as profit
for profit sake, but as the means for group survival, providing employment for
Indian people. Apache talent was expressed in the development of candles bearing
unique Apache artwork. Creativity according to the Apache culture became an im
portant element in the development of an industry supported by the Apache community.

It's too early to determine the success of the Apache jojoba industry at San
Carlos. However, there have been some important developments which are crucial
to Apache acceptance of jojoba as a technological innovation. Important to this
acceptance is the formation of the association by the Apache people themselves
according to Apache criteria of time and the acceptance of responsibility. The
acceptance of responsibility was a group process requiring the support of families
involved with the harvesting, the five-member board of directors from the Apache
community, the 1500 Apaches who have donated one dollar to become a member of the
association, and the artists who have dedicated their talents in the creation of a
native conceived industry represented in candle production.

164

•

•



•

In the analysis of these case histories taken from the Apache, Hopi, and
Papago Reservations, several things can be said concerning Indian acceptance of
outside innovations as part of their economic development. Firstly, innovations
are only accepted if they represent no great alteration of existing cultural frame
works, and the incorporation of innovation must conform to existing time schedules
which are compatible with the functions of the community. Secondly, the acceptance
of innovation must involve the decision making and imagination of community members
who are involved in the change process. Changes must bear cultural impressions
during the transfer process; one cannot expect a society to incorporate innovations
without modification. Finally there must be time allowances made for the develop
ment of managerial skills in the acceptance of responsibility for the development
of new innovations by tribal people. The greater the technical skills required
to manage new innovations, then, greater must be time for institutional changes
within the social system to effectively manage the innovation.

We have seen through this presentation that tribal-federal relationships,
despite their great inconsistencies and their attempts to assimilate Indians away
from their tribal ways, have not completely eradicated their ability to function
as tribal people in the development of new industries. However, it was shown that
the acceptance of new innovation cannot exceed the cultural limitation of accept
ance, levels of which vary from tribe to tribe.

Therefore, tribal acceptance of innovation thus far has been a gradual process,
a process which must be time tested and proven workable by tribal cultural stand
ards. I seriously doubt that innovations requiring vast technical knowledge for
development which could threaten existing cultural foundations will find ready
acceptance by Indian communities, especially if one expects these communities to
incorporate these innovations as part of its society's function.

However, it is possible to introduce innovation gradually, providing oppor
tunity for leadership experience among tribal peoples who would eventually accept
managerial responsibility.

It is in the area of leadership development at a pace acceptable to the Indian
community that guayule or any other technological innovation offers its greatest
economic potential to Indian communities. It is therefore important for Indian
acceptance that the introduction of new innovations to Indian communities seriously
recognize Indian values, time perception, and social structure •
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Concluding·· Remarks

Noel Vietmeyer
National Academy of Sciences

As a younger scientist I must say how impressed I am with the Emergency
Rubber Project. What a wonderful project it was and what a tragedy it hal:mtt been
given greater credit!

It existed only for three and a half years but it solved dozens of tlachnica1
problems, produced billions of guayu1e seedlings as well as three million pounds
of rubber for the war effort, and a further 21 million pounds in the bushlas that,
in 1946, were destroyed unharvested.

The success of this Conference has been due to the dedicated effort laxpended
by the thousands of ERP scientists, technicians and workers. \Vhat we've learned
here is largely based on their work.

Some of the important points we've learned are:

1. That guayu1e was not abandoned for any technical reason inherent in the
rubber. This can be seen clearly from the Conference discussions. Rathelt, the
abandonment was due to reasons of politics and prejudice which have never been pub
lished or explained explicitly. Our guayu1e historian, Dr. Droze, could perhaps
ferret them out from the archives in Washington.

2. That probably more is known about guayu1e (900 published papers and
hundreds of cubic feet of files in the archives in l-lashington) than any other crop
that is not now in production. Good manuals for its handling and product:Lon are
available.

3. That guayu1e production is readily mechanized (and standard equipment,
only slightly modified, can be used). This is important for countries like the
United States.

4. That although irrigation may be needed, the 16-18 inches of total mois
ture that guayule requires is far less than conventional crops need. HerE~ in the
water-scarce Southwest, this may become very important.

S. That guayule yields can't compare with modern Heyea rubber yields but
there are tantalizing tidbits of information that give hope that the situation
may rapidly change. Guayule physiology is ideally set up for genetic impltovement,
and the variability exists to allow us to exploit it. Dr. Benedict menti()ned one
experimental plot that produced an increase of over 100 1bs. of rubber pelt acre
per month during a period of almost two years.

6. That guayu1e's fertilizer requirements are not great. Today, that is a
very important advantage for a crop plant, and with increasing energy prices it's
going to become more important in the future.

7. That guayule can be affected by some fungi and bacteria. Yet they are
the common controllable microorganisms that infect conventional crops SUCll as
lettuce and cotton, We also learned that no viral diseases (which are particular
ly difficult to control) are known, and that guayu1e also resists root knot nema
todes, another serious pest. Nothing was mentioned about insect pests--I believe
that's because they are not serious.
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8. That guayule's by-products may become important--more tmportant than the
rubber, some speakers have said. Wood pulp is a valuable commodity today; so are
hard waxes, and guayule cuticle wax has a higher melting point than carnauba, the
very "king" of waxes. Some of the resin ingredients may, with further study, also
prove to have some commercial value.

In addition I'd like to suggest consideration of one more by-product: guayule
seed. Guayule is a prolific seeder, and the seed is readily removed. Could the
plants be used as an oilseed crop? If this can be done to profit the farmer more
than his harvesting costs, it could make guayu1e growing far more attractive and
provide income and employment during the otherwise lean years before the rubber
reaches harvestable quantities.

Dr. Federer suggested two more special situations that could mitigate concerns
over the long time between harvests. One is intercropping useful plants between
the rows of young guayule and the other is the use of guayule to stabilize soil
and prevent erosion. In this latter case guayu1e could still serve as a rubber
source or as a standing stockpile of rubber for strategic emergencies.

Since the ERP days, technology has made miraculous advances. Analyses that
30 years ago would have taken months can now be performed in minutes. Indeed,
today we can gain insights into guayule rubber's molecular structure that were un
dreamed of even 10 years ago. Luckily for all of us guayuleros, U.S. Department
of Agriculture researchers, 20 years ago, carefully preserved one block of de
resinated guayule rubber~ A month ago, Bill Miller, Irvin Feusta1 and I found
it in a federal archive in Washington, D.C., still well preserved. Samples of
this block, analyzed courtesy of Goodyear Tire and Rubber Company, have demon
strated the remarkably high qualities described to the Conference by Mr. Pierson.
These are confirmed by Dr. Campos's results and we can now say that guayule rubber
has properties virtually identical with those of Hevea rubber.

In molecular structure, in average molecular weight, in glass transition
temperature, in thermal stability, in thermal oxidation stability, in heat capac
ity and in tensile strength, guayule rubber is essentially identical with Hevea
rubber. Dr. Campos and his colleagues from Mexico deserve all our recognition
for the work they've done in this area. It has brought a quantum leap to our
knowledge of guayule rubber. With wonderful foresight, the Mexican government
is backing their guayule program with a well-funded, well-planned, pilot rubber
production program. I'm terribly impressed that they're approaching it by apply
ing the very latest in scientific and technical knowledge. Their method of
handling the rubber in solution gives them great power to protect the rubber
against oxygen and ozone, to remove impurities, to modify the rubber chemically:
it gives them great control over homogeneity, and over quality in general. Per
haps they will develop SGR--Standard Guayule Rubber. It was SMR--Standard Malay
sian Rubber--that brought uniform and guaranteed quality to Revea rubber. It was
a great advance in the marketing of Revea rubber; in guayule it wou14 be a giant
step into modern times.

When guayule was abandoned 30 years ago, the times were wrong. But we are
now in the midst of a vast change in the world's appreciation for plant-derived
resources. We can thank the OPEC cartel for that •.•• together with a growing
awareness that in a few more decades, the world will be out of petroleum. This
change favors reconsideration of guayule and other events make it even more
urgent:
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1. OPEC revives memories of the British/Dutch rubber cartels in the 1920's
and 1930's that completely controlled the amount of rubber the U.S. could
purchase.

2. The skyrocketing price of petroleum that is increasing the price of
synthetic polyisoprene rubber, guayu1e's man-made competitor.

3. The burgeoning population that is forcing us to utilize marginal lands,
the kind where guayu1e will grow.

4. The desperate plight of Indians, on impoverished arid reservations
in the Southwest who need crops that can be farmed in their parched soils.

Perhaps none of these factors alone is enough to justify renewed guayu1e
production. Together, however, they make a strong case for reviving guayu1e
research, development and testing.

During the Conference it became apparent that we've barely scratched the
surface in most research areas relevant to guayu1e exploitation:

1. in breeding and genetics
2. in extraction technology
3. in guayu1e rubber technology
4. in understanding the value of the by-products

Much remains to be done and it will be exciting research. Once the lll10rd
gets out, I think that many researchers worldwide will want to exercise their
skills in these areas. As Dr. Bonner said, "There's a lot that can be done with
rubber plants and there remains a lot to be done with guayu1e."

Today we don't have a wartime emergency; we don't need a crash program. We
have time for contemplating, for trials, for testing, for comparing different
approaches and techniques. The tools at our conunand are vast, and much greater
than those available to the previous guayu1e projects.

But the thousands of researchers and technicians who know how to use the
tools and techniques are unaware that guayu1e needs them. We, the participants
in this Conference, have seen the light and can point out the darkness that needs
illumination. Let's go from here and inoculate new generations with guayule
fever. The heat and stress that that generates may be enough to bring guayu1e
bouncing back.

Let this not be the end of the cooperative spirit generated here. Let's try
to keep it going. Won't someone take up the challenge and produce a guayu1e news
letter to keep us all in contact? It's worked wonderfully for jojoba. Also,
let's develop a roster with the names and addresses of all the guayu1eros we can
find, so that we can get the Conference's message to them and we can give them a
chance to add their voices to ours. To the roster should be added the guuyulcro'g
affiliation with the previous programs and his area of expertise. I think that in
the near future many scientists will need their advice. This could be crucial for
getting modern guayu1e research off the ground in the most efficient way and with
the fewest mistakes.

I'd particularly recommend that a joint US/Mexican guayu1e cooperative effort
be instituted. It's clear that it would be mutually beneficial. We have much to
learn from each other.
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In summary, I'd say that the spirit of the meeting is cautiously positive.
I don't think that anyone is going to charge out into the desert and pour their
money into guayule plantations. Nevertheless, ~here's a feeling that with good
funding, good research, and good will from industry and government, that guayule
could become a national materials resource for the United States, for Mexico, for
Israel, and I suspect for other countries too.
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