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FOREWORD

The firast International Conference on Jojoba anmd Its Uses was held at the tniversity of Arizona,
Tucson, Arizona, .June l=3, 1972. This meeting, arranged by the University of Arizona, Divigion of
Continuing Education and Office of Arid Lands Studies and sponsored by the Indian Division, Office of
Economic Opportunity, includad twe days devoted to conference papers sud discussion and a one-~day ficld
trip to Superior, Arizcona to see natural stands of jojoba,

The purpose of the conference was to bring together scientists and technologlsts interecated in
jojoba and its potentialities for production of useful products, The conference wae aimed toward a
full discussion of available information on previous investigaticns on the plaxt iteelf, on chemistry

of the seed, utilization of the wax contained in the seed, problems involved in the collection of seeds
and production under cultivation.

Major topics were introduced by invited speakers followed by contributed papers pertinent to the
subjects under diacussion.

The conference was divided into four main sessions: (1) Distribution of Jojoba, (2) Cultivation
of Jojoba, (3) Utilization of Jojoba, and (4) a summing-up session during which all present were
encouraged to contribute. Unfortunately the recordings of this last sessionwere sc poor that the
discussion cannot be included in the Conference Proceedings.

Previous to the conference there were several smallev conferences, one at the Boyce Thompson
Arboretun attended by people knowledgeable of the history of jojoba, its culture and derived products.
This was followed by a meeting in Riverside, California at which representatives of Arizona and
California Indian tribal leaders participated and indicated their interest in development of a jojoba
program that initislly would be centered around harvesting the native erop, and that over the period of
years might involve jojoba culture and industrial production., As an initial step in bringing together
existing knowledge on all agpects of jojoba, its availability, culture, chemistry and potential uses,
the conference was arcanged at the University of Arizona.

At the time of the conference, plane were made for publication of the Proceedings which would have
been cut earlier except for two things: (1) some authors were slow in turning in coples of their
papers, and (2) at the time of the meeting it was hoped that additional material could be added to.
constitute a moncgraph covering all aspecta of jojoba from botanical sciences to the Iubricating
scienceés. There have been so many advances and increases in knowledge that it was reeognized that this
was a larger task than expected, so it was decided to get out the Proceedings without embellishment,
The editars thought there was a great amount of ueeful information in the conference papers, and: it
appeared better to put off the publication of the monograph until later.

W.G. MeGinnies
Conference Chairman
Qffice of Arid Lands Studies
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EXPERIMENTS WITH PLANTING JOJOBA
¥.T, Mirov

Department of Geography
Tniversity of Califernia
Berkeley, California

very little had been knowm about the Sonoran Desert shrub, jojoba, before Greene and Foster (1933)
at the University of Arizona reported in the Botanical Gazette on the chemical composition of its
seed oil, They found that jojoba 1s the only plant in the world whose seed oil iz not a tri=glyceride,
but a mixture of two monobasic esters of two long chain alcohols, each one hooked up to a lomg=chain

fatty acid. In chemical parlance, jojoba oil was not a common vegetable oil (a fat), but a liquid
wax.

After this apectacular discovery, articles began to appear in trade journals and sbatract
publications, reporting possible uses of jojcba cil, Three years later (in 1936) the laboratories of
two outstanding authorities on vegetable oils (Hilditch in England and Jamieson in the United States)
almost simultanecusly feported on the chemistry of jojoba oil. Both confirmed Greene and Foster's

findings that the oil is indeed a liquid wax, similar to sperm whale oil, which itself occupies a
peculiar place among animal fats.

In the late 1930’s, I was much interested in the chemistry of pine seed oil and had to read the
cil and £at publications. There I discovered jojoba. Tta oil intrigued me and I wanted to grow it,
chiefly to find out if the common fat-digesting enzyme, lipase, would hydrolyze its seed oil.

Little waa known at that time sbout domestication and cultivation of jojoba. The University of
California Agricultural Experiment Station reported in 1903 that jojoba had been planted in French
Africa as a drought enduring plant, but the experiment was apparently not succeasful. Attempts to
cultivate jojoba in Argentina alse were a failure,

In the early 1900's the Califernia Agricultural Experiment Station distributed jojoba sceds

among cooperators throughout the warmer parts of California but I was unable to find out anything more
about this project.

In later y=ars, jojoba was planted in several botanical gardens in Cslifornia and Arizona as a
specimen plant and in parks and gardens of both states as an ornamental. I saw some planted jojoba
at the Boyce Thompson Arboretum in Superior, Arizonma and on the campus of the University of Arizoma.
Some bushes were also planted at the University of California Citrus Experiment Station, Riverside,

California and in some Los Angeles parks, One large and grotesque jojoba bush, reportedly over ome
handred years old, is found in the Elysian Park of Los Angeles,

Magnificent jojoba were planted in the cactus garden of the Huntington Eetate in San Marino,
near Pasadena, California. when I saw them in the 1930's, they were about fifteen years old, The
northermmost Jocality of cultivated jojoba in California was in the Santa Barbasra Botanical Garden.

There were also places in Southern California where jojoba was grown naturally in fenced pastures
or in backyards of suburban dwellers. That was all I had to go by when I decided to cultivate jojoba,
The planted bushes gave we some information how my "Cinderella of the Sonoran Desert" would respond

to domestication and the wild bushes in fenced holdinga showed me how mere protection of jojoba would
influence its deveiopment.

I procured jojoba seed from wild bushes harvested by Indians areund Globe, Arizona, The seed
collection was organized by Fred Gibson, former Director of the Boyce Thompson Arboretum, There and
then 1 learned how difficult it was to depend on wild bushes to procure encugh seeds for industrial
regearch, I decided that the only way to create z market for jojoba oil was to grow jojoba in
plantations and treat it as a horticultural plant. I was waiting for an opportunity to Finance my
project, Meamshile, I tried to plant jojoba seeds or seedlings everywhere my official duties (as a
plant physiologist for the U,S, Forest Service) would take me.

I planted jojoba in the Bay region and inland valleys of California, in northern Florida, and
at least I found where jojoba would not grow. The best place for its growth was in the citrus belt of
the Southwest, In Florida, the hot humid ¢limate and summer rains were not suited to jojoba.

The opportunity to establish a jojoba plantation came in 1940 when s friend of mine set aside

about one half of an acre in his orange grove in Arlingten, California and paid £or the etarting and
maintaining of a modest jojoba plantatiom,




Everything was newy for us in cultivation of jojoba. First we had to find out about the germination
behavior of jojoba seed, We found that to assure germination, it was sufficient to scak the aeeds in
water overnight.

There were rumors that jojoba waa an apogamic plant, i.e,, that it could produce seeda withomt
pollination, but our greenhouse experiments showed that pollination was necessary to set the seeds.
Gibson (1%38) reported in the Boyce Thompson Arboretum publication that jojoba was a diocecious plant,
It meant that theoretically ocut of one hundred seeds planted, only fifty would result in female seed-
beasring plents,

We prepared 175 "hills" and in each hill we planted three seeds. When the seedlings were three
or four years old they started to show their sex with pollen catkins on male bushes and seed initials
on the female bushes, Out of 175 hills, only two were all male, We culled the seedlings Efve or six
yvears later, lesving one female plant per hill, 1In each fifth hill we also kept one male bush to
provide the pollen.

When the female bushes reached the age'of six years, they gtarted to bear seeds regularly. At
the age of ten years the plantation was in full production and not a single bush had died,

The plantation was irrigated approximately once a month from April through September and
moderately fertilized with caleium nitrate when the surrounding orange grove was fertilized. Too
much watering caused sucker formatiom at the expense of seed production, Irrigation had to be stopped
towards the end of summer, otherwise tender growth developed which on one occasion wae nipped by
frost,

Shortly after the Arlington plantation had been established, I woved tc Mionesota for the three
winter months to do some forestry work. Winter in St, Paul is not an exciting time; the evenings were
long and I spent them in the then famvus Dr. Gortner's blochemical laboratory trying to hydrolyze
jojoba oil enzymatically, Lipase¢ had no capacity to do this.

I prepared a manuscript on physiology of oil formation in jojoba seed and its use during
germination and suggested the role played by the unusual oil in the metabolism and the ecology of

jojoba. However, my bread-and-butter project on pine turpentines prevented me from finishing the
manuscript and publishing it.

Heamghile, a California organic chemist and friend, H,D, Bruce, started to work with jojoba oil
aiid gought people who would be interested in growing jojoba. I belleve he was the first man who

hydrogenated jojoba oil. In 1950, I predicted that jojoba would some day be a valuable domesticated
plant (Mirov, 1950).

I published another article in Economic Botany (Mirov, 1952) in which I reported on our chemical
and horticultural experience. My thesis was that the only solution to cbtailning .2_steady source of
jojoba oil was to plant jojoba, because gathering wild seed was not certain or economical, The market
for jojoba products was no problem, We could sell as much oil as we could produce. The problem was
to develop suitable methods of jojoba cultivation,

After tem years of cultivation we were able to select bushes with a high yield of seeds, and

seeds with a high yield of oil. I recall that the highest yield was 56 percent of oil in the dry
seeds,

We have done some greenhouse experiments with root development and found that the optisum
temperature ¢f nutrient solution was 23° C. Experiments with vegetative propagation of jojoba showed
that cuttings can be rooted easily and conventionzl grafting methods were successful. We also
started to think of metheds of harvesting wild jojoba seeds. The chief difficulties erncountercd were
that seeds ripened and fell on the ground continuously throughout the second part of the summer.

I corresponded with Dr, C,0, Erlanson, Head of the United States Department of Agriculture,

Division of Plant Exploraticn amd Introduction, regarding jojoba, It was he who induced the USDA
to investigate the jojoba possibilities,

The Georgla Institute of Technology was commissioned by USDA to prepare a report on jojoba, which
was published by Daugherty, et al. (1953}, It included our experimental work, with referemces to my
two publications, and I cooperated wholeheartedly,

On the basis of the report by Daugherty, et al, (1953), the govermment financed a project to
investigate possibilities of jojoba oil. The chemical aspects of the project were handled by the
USDA New Orleans Southern Regional Laboratory; the ecological studies and field work were accomplished

by Dr. Howard Gentry, who did an excellent and thorough job of collecting jojoba seads threughout the
extensive range of the plant,




Our experiments at the Arlington plantation comtinued; the agricultural firm of Babcock and Sons,
who managed the plantation, distributed our jojoba seeds to interested people. Among them was
Dr. J, Elliott Coit, who started a modest plantation in 1952 at his “Demonstration Orchard" in Vista,
California.

In 1943, Mr. H,D, Bruce and I convinced the "Durkee Famous Food" 01l Compamy (the Berkeley
subsidiary of Glidden 01l Company) to start & jojoba plantation. They eelected a location near
Florence Junction, Arizona, acquired 640 acres of land and started to plant jojoba, It was at the time

of the Second World War and their project was abandoned in favor of growing vegetables for wilitary
needs,

In 1953 at our Arlington plantation, when the bushes were sbout ten feet tall, handscme and
bearing, the owner of the land asked us to discontinue our experiments and the plantation was de-

stroyed, On the whole, our experiment was a failure, but no doubt it contributed to the knowiledge of
cultivatiang jojoba.

The reagson for failure was the lack of financial support and the time was just not right for the
industry to invest in jojoba cultivation. Also, we could not devote our full time to the project.

sfter that period of 1940-1950 activity there was another lull of at least fifteen years. Then the
interest in jojoba was renewed. -

In any preject of this sort, at least four prerequisites arve necessary:

1. Demand for the product

2. Sound financial support

3. Familiarity with the plant and

4. The personal interest of a man whe 13 technically trained te visualize the
industrial posalbility of the project and who is a good organizer and promoter.




STUDIES OF SIMMONDSIA CHINENSIS
AT THE BOYCE TH®RMPSON SOUTHWESTERN ARBORETUM

Frank 5. Crosswhite

University of Arizona
Boyce Thompson Southwestern Arboretum
P,0. Box AB, Superior, Arizoma

The University of Arizona and the Arboretum have long cooperated in studying Simmondsia.
Although the Arboretum has officially been affiliated with the University only eince 1965, I sghall try
to ghow that the roots of a jolut effort with the plant extend back more than 40 years.

F.J. Crider, first director of the Arboretum, established cooperative studies with the University
of Arizoma in the late 1920's, Deau P.5. Burgess of the University's College of Apriculture was quick
to visit the Arboretum to discuss cooperative work. <Cooperation was most Intense In agricultural
chemistry and some University studies were conducted at the Arboretum and some Arboretum studles were
done at Tucson, GCuest houses were made available to University faculty and their students in the
1920's and 1930's and technical assistance, advice, and suppllies were freely dispensed. Experiments
were watched and results recorded by Arboretum staff when investigators were away. Several University
botanists and chemists stayed at the Arboretum for a week at a time, and at least one biochemist for
6 weeks,

During this period it was customary for the Arboretum to send soil samples, water samples, pieces
of plants, or practically anything down to the Unlversity to be analyzed. Rather complete analyses
were quickly sent up to the Arboretum in almost all cases, 1In the eariy thirties the University had
fully embraced the Boyce Thompsonm Arboretum, Director Crider was a regent of the University and
President Shantz had conferred a Doctor of Science degree on Colonel William Boyce Thompsom himself,

During this early period, great progress was made on many fronts and many classic studies resulted
which we tend to forget today. Yes, indeed, jojoba studies were a part of that cooperative program--
and the discovery that jojoba oll was actually a wax similar to sperm whale oil came from see“s sent
down for analysis from the Arboretum.

Ralph 0. Baird published a note in 1948 telling how early Spaniards in the Southwest had pressed
vil from jojoba for use as a hair dressing and mustache wax, He described how this had led him and
Fred Gibson to grind up jojoba seeds in 1929 when he worked at the Arboretum and extract the oil for
chemical analysis. This, he modestly recovded, was the forverunner of hundreds of samples that were
later sent to institutions and individuals for study.

But the story of jojoba at the Boyce Thompson Arboretwn has not yet been told. BSo little has
been published concerning the Arboretum's activities with this plant, that we are taking this oppor-
tunity to hit the highlights of nearly 50 ycars of activity. Fortunately, the botamical correspondence
of the Arboretum, the journal of the propagator, the daily record, the monthly reports and the annual
summaries are extant, These have been used in constructing the following summary.

On April 5, 1925, the first jojoba seedlings came up in the Arboretum nursery. The next day
Colonel Thompson and J,F. Crider personally staked out an experimental jojoba planting east of Picket
Fost House, along the road near the Indian Village, This area was seeded onr April 16, Emergence of
the seedlings on May 12 followed a slow soaking raim on April 22 that measured 1.6 iuches. Although
}ojoba may start germinating in 10 days, stragglers may come up at the end of a month., It was later
found that sced held at low temperatures before planting germinates more regularly.

The plants on the dry lands were watchud and compared with those started under cultivation and
irrigation, By Septembar 30, the cultivated plants had tripled their size over those in the wild and
by 1931, J.F. Crider wrote that he had gotien jojoba to come into bearing in 5 years from seed, pro-
ducing satisfactory oil-bearing nuts. These Arboretum plants produced about 1/2 pound of seed the
first year after coming into bearing. These had been grown following Crider's opinion that fur the

planits to do best uader irrigation, they should be given water comparable to about 30 inches of
rainfall,

1n 1935, the Arboretum had a row of plants in its nursery thac was 10 years old from seed, These
were & feet high and 6 feet broad and had bcen bearing for 4 years. The planting had been made using

sced from a selection of large nuts. It was estimated that the drye-land planting would not bear seed
until 25 years old,

By 1937 the plants seeded in 1925, on undisturbed upland areas of rock and clay, ranged from
6-18 inches in height. Other plants frum the same seed harvest were cultivated in a sandy creek
bottum, but were planted 4 years later, They fruited and were already 4-5 feet high after 8 years,




By 1940, the 15=-year~old seedlings planted in the wild had only become 2 feet high, whereas those
under cultivation had matured to 7 feet in height and were bearing abundantly.

At an early date it was discovered that jojoba plants will not live if dug up and transplanted,
regardless of how small the plants might be., This is because the taproot grows rapidly and important
feeder roots may be 18 inches deep before significant shoot development occurs, These feeder roots
are iovariably lost in digging out the plant, It was found that if rains are likely or irripation
possible, the plant should be directly seeded in the field. When planting arid hillaides, whe..
irrigation might be difficult, plants started in gallom cans may be set out as year old transplants.
Director Crider found that very tall pot substitutes allowed beat growth of the long tapreot. Roots
of jojoba were studied by Crider in speeially-designed concrete lysimeters having glass windews for
vbservation. Significant winter growth of roots wae chserved. Crider developed a theory that growth
of the root alternated with growth of the shoot.

Although eme Arboretum botanist, Bernard Bemson, 15 cited in the literature as etating that
joioba has only one season of growth, namely that of winter and spring, Fred Gibson recorded that
growth was continuoua except for the coldest winter months,

Most of the Arboretum experiments in jojoba growth compared the drysland plants on elay with
cultivated planta on sandy silt, However, in 1943 Gibson observed that a few plants irrigated on
heavy clay grew as well or better tham those on sandy silt. Im the Arboretum area the wild plants
generally grow on clay soile rather than the sands and silts of the ereek bottomn.

Director irider became Intensely Interested in eroslon control planting at a time when no such
work had ever been done, After conducting extensive experiments in voot growth, dry-land plantings,
and reforestation at the Arboretum for five yeara, he agitated widely for conserving soil by planting
covers on the land, He developed a cooperative program whereby a larpe mursery of erosion control
plants was established by the Forest Service on Arboretum property for diatribution largely to Indian
Reservations, Labor was provided by the Civilian Conservation Corpa., The Arboretum paid for physical
improvements such as drilling two new wells in Arnett Canyon and, moet importautly, provided technical
know=how and most of the seeds.

Jojoba was congsidered a valuable erosiom control plant and was seeded widely. The soil
conservation nursery became so successiul at the Arboretum that the Federal Government saw need for
duplicating it elseyhere, The program mushroomed quickly and was administered by several different
government agencies in a cooperative manner. Success meant consolidation and formation of the new
U.5,. Soil Conzservation Service. In 1934,Dr. Crider left the Arboretum to help begin the new agency.
He was for many yeare in charge of the greenhouses, gardens and several assistants at Beltsville,
Maryland, We can all be proud that the Arboretum was an important breeding ground for the Soil
Conservation Service and that jojoba played some role.

Most of the botanists who worked at the Arboretum were bitten by the jojoba bug and in moving
on te other better paying positions, infected those around them. Like the Spanish Padres or Johnny
Appleseed, they planted seed wherever they went, Fritz Berger, formerly the cactus expert at the
Arboretum, planted jojoba bushes at the Huntington Botanical Gardens., These famous bushes from
Arboretum geed were seem by thousands and under irrigation came into production at an early date with
unugually large seed yields,.

Likewise, Palmer Stockwell, the former chief propagator at the Arboretum, spread knowledge of
jojoba ak the California Range and Experiment Station at Berkeley, California. Certainly the
Arboretum cannot take credit for the monumental work on jojoba done at that station by N.T. Mirov and
H.D. Bruce, but we do hope that our seed sahipments and cooperation were of help.

J.W. Davis left an account at the Arboretum showing that in 1936 the new Soll Conservation
Service sent six men into the Tucson Mountains to pick jojoba., The crew gathered 2,374 pounds of
geed, Many more seeds could have been collected but the intense July heat suggested picking further
north, Three men were thetefore sent to the Roosevelt Lake area where 766 pounds of seed were
collected from July 9 to July 16, Most of these seeds were plented out in the foothills and mountains
of Arizona in areas needing soil prosion control.

Nat Patterson, a 5an Carlos Apache Indian, worked at the Arboretum for approximately 40 years and
became something of a living legend, He was a tribal docter trained after the old style and delighted
in the herbs and medical plants at the Arboretum. These plants were his friends and he wau given wide
latitude in determining the care each one should reccive. One Arboretum director recorded that
Patterson belicved he wmed the water supply and would dole out irrigation to each shrub and tree as

he thought it deserved, He clearly held the power of life or death over the plantz of the Arboretum
and hi: favorites were indeed well cared for.




The lush growth of jojoba ia the Atboretum today partly teatifies to Patterson’s interest in the
plant. He left a written record describing the medical use of jojoba seed after the old Apache knowl=
edge.

Colonel Thompson knew Natchilta (as was his proper name) personally and asked that he be allowed
to establish an Indian Village at the east boundary of the Arboretum, It 1s recorded in the Exchange
records of the Arboretum that the first request for plant malerials or seed came not from a university
ot botanical garden but rather from an Apache Indiau who lived in the Village.

In 1931 there existed s company in Pasadena, California, knowm as Stilehoba Laboratories, which
specialized in making a cosmetic from jojoba oil. Two tone of seeds were collected at Superior by
women and children in 1931, The company paid 20¢ per pound F.0,B, Superior. The Arboretum furnished
data on jojobz at the request of the company, but it never could be ascertained just what type of
cosmetic was being made. Inquiries came to the Arboretum in 1931 from a physician in Nogales wanting
information on jojoba as a hair ¢il, and it hae been widely stated that Sonorans have long used it
for that purpose.

The 1931 Superior harvest was successful because a very good price was paid. Women could reach
the higher seeds on the bushes and children could get the lower ones or those on the ground.

At an early date Director Crider tock a sample of jojoba seeds to the Agricultural Chemistry
laboratories of the University of Arizona and requested an analysis, The results of this analysis
were sent to the Arboretum on January 28, 1931 and conslsted of s breakdowm of the nut as to percentage
of moisture, ash, protein, oil, crude fiber and nitrogen-free extract. Together with this rough
analysis was a promise that the results of tests on the oil itself would be forthcoming scon. Upon
request, more seeds were sent and periodically replenished until Robert A, Greene finally announced
the startling discovery that the oil was in fact a liquid wax similar to sperm~whale oil,

In 1931 or before, agricultural chemists from the University of Wyoming were presented a bottle
of jojoba oll pressed at the Arboretum, They too foxrwarded reports to the Arboretum omn other aspaects.

In 1935, Carleton Ellis, an oils chemist, was staying at the San Marcos Hotel in Chandler,
Arizena, The Arboretum invited him to wvisit ite facilities to become acquainted with jojoba and to
discuss the possible utilization of the seed oil, Mr, Ellis came to the Arboretum and thought so
much of jojoba that he was glven a 20 pound carton of seeds, He promised to let the Arboretum know
the results of his investigations, Later Ellis agreed to submit the findings to be published as a
contribution of the Boyce Thompaon Institute if desired, At about this seme time, jojoba seeds from

the Arboretum were anslyzed in relation to certain enzymes at the Boyce Thompeon Institute at Yonkers,
New York.

Through the years, literally tons of jojoba seeds were shipped by Director Gibson to chemical
laboratoriee for experimentation. For instance, in 1936, 100 pounds went to the chemist of a Chicago
company dealing In oils, 1In 1937 seeds went to a chemist in Glendale, California, also to a Wew York
company specializing in pigments and colors, and 500 pounds went to a watclmaker in Washington, D.C.
In 1940, 75 pounds went to Chicago for experimentation by a manufacturer of printing press rollers,

Bags of seeds began to flow at an increasing rate from Superior, being sent to a large soap
company, a welle~known meatepacking company in Chicago, 2 large photographic chemical company, the
Natienal Research Council of Canada, a large chemical company in Midland, Michigan, a motor control
company in Mitwaukee, Wisconsin and to many chemists and individuals for unknown purposes. All of

these persons had been led by their reading or research to think that jojoba oil might prove useful
in their particular products or processes,

But Fred Gibson also had a talent for drawing chemists and industries into jojoba studies. For
cyamplye, during World War I the Crowm Cork and Seal Company operated a rather large cork=-oak nursery
in Arnctt Canyon om Arboretum property. This was part of a cooperative arrangement whereby the
govermnient shipped seed of cork oaks to the Avboretum to be raised by Crowm Cork using Arboretum
facilities and technical advice, Young oake were given away free to the public in am attempt to
eatablish a corkeoak industry in Arizona. This was all in the best traditions of the Arboretum and
was a thoughtful step toward emergency preparednmess brought on by the war, Officials of Crown Cork
and Seal Company frequently visited the Arboretum and became so bitten by the jojoba bug that they
tried to arrange the collection of several tons of jojoha seed in 1943, They had their Phoenix

agents determine the density of jojoba bushes in the McDowell area and aleng the Apache Trail in
Central Arizona,

Crown Cork planned to press the oil at an olive press in Phoenix, use the premg~cake in g
cattle-feeding experiment, and use the oil in its own experiments in the Eagt, Difficulties in

collecting cancelled the enterprise, but 323 pounds of seed sent by the Arboretum in 1944 allowed
experimentation on the oll itself,
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In 1942, Dr. Ilona Tausaky was referred to the Arboretum by Dr. William Crocker, Director of the
Boyce Thompson Inetitute at Yonkers, Wew York. Although that year's crop was already committed or
perhaps doubly committed and the harveet wag practically a failure, 87 pounda were held out and shipped
to her New York Laboratory, In a blographical letter to Fred Gibaon, Miss Taussky described herself
a8 a consulting and research chemist in oils, fats and waxes working particularly with hydrogenated
products, Before World War II she had worked in over 50 ¢il plants in Europe and had also congulted
in Great Britain, India and Egypt. Dr, Taussky's early work with jojoba was done with geeds from
Hexieo,

Her first U,S5, Patent, applied for in 1942 and granted in 1944, was concerned mostly with cake
becters but the patent clearly stated that she could obtain sulphonated, elafdinated and hydrogenated
jojoba nut oils, saponified unhardened, saponified elaidinated and saponificd hydrogenated jojoba
nut fatty acids, as well as unhardened, elaidinated and hydrogenated jojoba nut alecohols.

It has been rumored that before World War II, the Germans were experimenting with jojoba and

ng to get 19_:33 tonnsges from Mexien, ¥n 1038, Harry M, Piglkorine inauirad of the Sunerisr cron
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He had been importing from Sonora, Mexico since 1933 where he had a gwermnent cooperative concession
and had put several tona into the handa of four well-known U,5, corporations for experimental purposes,
He wanted to turn to U,S, sources because of the difficulties involved in importing, which he detalled
g8 conslsting of $160 per tom Y¥,S5. Customs duty, $30 per ton rajilroad rate, a atamp tax, a concession
tax, and "many other nagging fees," Aaside from the fees he had been hit with a ruling that the seeda
had to be cracked into pleces before entering the United States. Ome supposes that such a U.S. policy
did little to keep jojoba away from Germany!

Jojoba o1l pressed at the Arboretum in 1929 was used for years to lubricate a fan., Some of the
oil was given toc a dentist for use om high speed mouth instruments where taste of other oile was
objectionable.

John Finn, a conaulting chemist for the Magma Copper Company, & mining enterprise get up at
Superior by Colonel William Boyce Thompeon, vislted the Arboretum and was bitten by the jojoba bug.
He went to San Francisco, Califernia, where he worked with Dr., B.L, Freedlander of the Harold Brumn
Research Inatitute, Mount Zion Hospital in some profound experiments in the chemotherapy of tuberculosis
uging jojoba nuts, Sprouting jojoba seeds were crushed and fed to guinea pigs that had been Infected
with humen tuberculosis., It was reasoned that germinating seed contained enzymes to digest the wax
which waa similar to the waxen sheath which conférred virulence to tuberculosis organisms, In 1943,
Dr, Freedlander sent a rather detailed letter to the Arboretum outlining his experiments which were
not complete. The lettexr was clearly one of appreclation and cooperation by a man of ungelfish
character devoted to the advancement of sclence. The letter ended, "Your agenta here have kindly
been supplying me with the nuts for which I am very grateful."

John Finnhimself set up a little jojoba laboratory in California and manufactured several items
for display at the Boyce Thompson Arboretum. Theee display items consisted of a large piece of
jojoba rubber, an alcohel fraction that was a perfume, and a sample of hardened hydrogenated wax.

In 1944, Fred Gibson suggeated to a Hew York medical dogtor that he do research with jojoba oil
on prolonging the action of drugs such as penicillin, Gibson had followed the jojoba race for so
tong that he saw himself behind the scenes pulling all the strings, He concluded, “will be glad to
have your cpinlons about 8o using the oil and 1f you want to try it for such specific purpose, I will
not agk other doctors to try the same experiments,”

During World War II, a murh=publicized commercial jojoba plantation was established at Magma,
Arizona adjacent to the Scuthern Pacific tracks, by a famous salad=dressing company which was a
divieion of a well-knowm paint and varnish company, Rumors flew right and left as to the use
contemplated for the jojoba oil, Newspaper accountz of the day are inaccurate. 1In looking back now,
our best evidence 1s that most or all of the oll was intended to be sold to yet another company.
Aithough the Arhoretum tried to help with advice and comsultation at oo charge, Director Gibson could
only frown at the way the plantation was developed,

Sced for the plantation consisted of 1800 pounds of Mexican origin shipped to the Alabam

warehouse at Superior. Literally tons of jojoba seed had been shipped cut of Superior before, but
no one had yet conceived of shipping it in!

Shortly after the seedlings came up (at T3S, R8E, Sect, 36), Fred Gibson counted &0 cows having

a plenic all over the place, as he put 1t, Gibmon advised that for the plantation to be successful
it would have to be taken better csre of.

Gibson believed that the seeds planted every 6 1/2 feet in vows 12 1/2 feet apart were too
sparse to allow later weedingeout of excess males, Germination proved poor and replanting
insufficient, Gibson advised in vain not to rely on transplanting field-grown seedlings. Fall seed



rotted in the ground, In 1946 Gibson noted that :t¢ gl ‘tution had not been plented right at all and
that the operators were not replanting where needed. Furthermore, they were irrigating and cuitivating
areas where no plants were growing.

¢ibson had warned against using Mexican seed, since the plants might not be cold-hardy. Sure
enough, after three yeara' cultivation, a heavy frost wiped out most of the plants. Eventually the
field was dug up teo plant potatoes.

he failure of the Magma plantation cast an ugly shadow on Gibson's lifetime ambition of creating
a jojoba industry benefiting people living in this part of Arizona and putting marginal lands to use.
But after this bitter experience, and shortly before his death, Gilbason still advocated jojoba
plantations. He particularly advocated planting seed from bushes having desirable gemetic traits, such
as cold-hardiness, large seeds, clustered seeds, and so forth. The seeds could not just be thrown in
the ground. This was a job for experts.

Gibson realized all too well the expenses necessary for a succesfful plantation, Genetic
improvement and propagation must precede it. On behalf of the Arboretum, Judge Charlea ¥, Ayer, lonmg
of 14 Wall Street in New York, tried unsuccesefully to interest monied people in financing jojoba
studies at the Arboretum or in establishing plantations in Arizona. He discussed jojoba twice with

Bernerd Baruch but to no avall. .Judge Ayer was long a board member and benefactor of the Arboretum and
cur reservoir is named Ayer Lake in his honor.

It was certainly a cruel twist of fate that placed a plantation practically in the Arboretum's
backyard but away frem the reach or control of Fred Gibson. Just before Director Gibson died he
recommended that jojoba plantations be made by planting seed at six inch intervals in rows 12 feet
apart as 1f to make a hedge~row or ornamental hedge., He reccommended planting in flat borders or in
slightly depressed ditches ao that the seed could be kept mofat enough to germinate in 10 daye to tuo
weeks. The seed should be drilled in gnd planted 1«2 inches deep with a modified cotton planter having
" a hole in the disc large enough to handle the seed graded to size. As soon as the sexea are determined,
males should be grubbed out to leave one male bush to about ten female bushes. At least in the
Superior region, the distribution of sexes is very unevem, there being many more males than females.
Thick seeding in plantations is thought to be necessary in case excess males appear,

During 1950, jojoba seed was sent twice from the Arboretum to an industrialist in Wew York who
was interested in the wax, It was learned that the first batch had asctually been forwarded to
Dr. Oved Shifriss of the Weizmann Institute for possible culture in the desert country of South Israel.

Fred Gibson was apparently quite pleased, as he forwarded information on care and irrigating to the
industripslist and a larger shipment of seed.

Although both the Eddy and Coit plantations in California were planted with seed and advice from
N.T. Mirov, 1 believe that in each case, Superior seed was used, althougl this is partially contra-
dicted by the literature,

Following World War II, the Research and Marketing Act of 1946 paved the way for the USDA Mivisioun
of Plant Exploration and Introduction to initiate new jojoba research, A contract for the study of
industrial raw materials of plant origin was awarded to the Georgia Inatitute of Techmology. In
characteristic fashion, Fred Gihgon made his notes and jojoba bibliography available. The Institute's
well=knovm literature survey entitled "A Survey of Simmondsia chinensis (Jojoba)" appeared almost
simulteaneously with Director Gibson's death in the summer of 1953,

Fred Gibson saw the Arboretum through a very difficulc period in its history, assuming management
at a time when the operating budget had plummeted and proapects for funding of research were bleak.
For 20 years Gibson made jojoba his special interest and an area of concentration in the Arboretum's
workaday routine. He made the Arboretum a clearinghouse for information of all kinds on jojoba  His
own notes and ever-increasing manuscript material on the natural history of jojoba were constantly
revigsed and made available without formal publication, other than a fragmentary nete in the Contributions
from the Boyce Thompson Institute and numerous references in the Reports to the Directors of the Boyce
Thompson Scuthwestern Arbotretum, Unbelievable quantities of jojoba nuts were pilcked year after year to
be used for chemical research, He was intensely proud that the Arboretum initiated the research at
the University of Arizeona which unexpectedly resulted in the original discoveries that jojoba oil was
chemically a wax and that its properties were similar to those of spermewhale oil. He was fired with
enthusiagm when Carleton Ellis of Montelair, New Jersey received the first U.5, Patent for a chemical
process with jojoba using oil pressed from seeds which Gibeson had sent him,

Each time the Arboretum shipped seeds to laboratories requesting them, Director Glbson asked that
he be informed generally of the research to avoid duplication and that the Arboretum be advised of any
new patents arising from discoveriee, To each new correspondent, Gibson sent an ever improving
bibliography which he had compiled on all aspects of jojoba together with a list of patents on chemical
processes relating to the wax. Gibson clearly sbhorred duplication snd inefficiency in scienmce and
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accepted his own role as one of hard work with little glory. Just three months before Fred Gibson
died, he quite fittingly was made a Fellow of the American Assoclation for the Advancement of Science
in an expression of approval by his fellow scientists.

For 50 years the Arboretum has seen oll brokers come and go from Superior looking for jojoba oil.
Many wanted tens of tons of jojoba seed per year. Some wanted hundreds of tons and a few nalvely
expected thoussnds of tans to materfalize, Collection points were set up at Superior, Tucacn and
Nogales, but speculators soon learned the cruel truth that commerical tonnages were simply not avalle
able, particularly at 2 or 3 cente per pound, which is all many wanted to pay.

Fred Gibson gave aid to them all, He put jojoba displays in store windows and lined up lists of
prospective workers. Although Superior could always be counted on for a ton or two of seeds, unless
the crop simply failed, picking in other localities usually failed altogether, probably because of
poor organization.

The Forest Service once set a fee of $5.00 per ton for commercial picking, Gibson worked to get
this reduced to $2.00 per ton. But the Forest Service had no authority to issue an eatirely free
permit,

Although thousands of tons do indeed mature annually, no one has even gotten more than a few
tons in any one year. Director Gibson felt that at a high price and with good orgamization, 65 toms
per year was the maximum possible from the wild crop in Arizona, From Superior could come 10 tons,
from the Ray district the same, and from the San Carlos Reservation half that amount. The Papago
Reservation maybe 20 tons. Tucson about the same. However, these estimates are indeed genercus and
there is no record of more than 2 tons coming from any locality in any one year.

Commercial picking at Superior often interfered with Gibson's program of buying the seed to send
to chemists. One year chemists simply got no seed because a commercial company got the Superior crop.
To assure a supply for the steady requests from laboratories, Gibson resorted to personally buying a
year's crop of about 3000 pounds even though research requesta for one year would rarely total that
much. The seeds dc not deteriorate for years although they do lose a small percentage of water,

Moisture content is high in fresh seeds, but diminishes as they hang on the bushes during the
hot summer. It is usually nacessary to dry fresh seeds for ten days before bagging them.

Shipping records after Fred Gibson's death are incomplete, but most significant jojoba shipments
from the Arboretum geem to have been to the Southern Utilization Research and Development Division of
the USDA, including 200 pounds im 1953, 230 pounds in 1954, and over 1,000 pounds for the &-month
period ending March 20, 1957,

Bernard Beason exparienced difficulty getting another 1,000 pounds requested that year, I am
not certain, but I believe from this point on, Dr. Howard Scott Gentry supplied most of the seed.

When Colonel William Boyce Thompson set up the Arboretum, he said, "Find one plant that will
add to the welfare, comfort, and happiness of the people of this less favored, sadly neglected
region, and we will have done a great service." Fred Gibson thought that he had found the plant. 1
am sure that we all hope together that the present renewed interest in jojoba will bear fruit,
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SUPPLEMENT TO THE NATURAL HISTORY OF JOJOBA
Howard Scott Gentry

Deszert Botanical Garden
Phoenix, Arizona

Jojoba, or Simmondsia chinensis (Link) Schneider, blends quite naturally inte the background of the
arborescent vegetation of the Sonoran Desert. The dense leafy form and the acorn-shaped fruits give
it a recognizable image. Man's curiosity led him to investigate the fruits and to acalyze the peanut-
sized gseeds within., He found a unigue oil, looked at jojoba with a new respect, and began getting
exploitative ideas. Theese ideas have eventuated in this first International Conference on Jojoba,
My place on the agenda here is to show some of jojoba's characteriatiecs as they have evolved in iis
natural enviromment. My observations must be brief and will supplement rather than repeat my earlier
writings on jojoba (Gemtry, 1958, 1965), Other contributors to this conference provide more specific
information bearing on the problems of domestication,

Jojoba is one of six genera in the f£amily Buxaceae. It is the only xerophyte among them and has
no close relatives geographically or otherwise. The origin of jojoba is obscure in geologic history.
There is no fossil record. 1ts area of distribution approximates that of the Sonoran Desert and it
should be considerad as a regional endemic. It appears quite thoroughly adapted to all but the drier
centers of the Sonoran Desert. Where annual precipitation averages drop below 7 or B inches it is
confined to more favorable moisture ‘gites, as along arroyos or coastal dew fall. By relapsing into
leafless dormancy, it can survive 1 to 2 years of rainless periods, which commonly occur in some
parts of the desert, and rebud from old wood when rain does appear.

Stebbins and Major (1965), on the basis of jojoba distribution, regard it as a palecendemic.

If joicba is an old relic species, it is difficult to explain its absence in the north Mexican desert
region. Koeberlinia and Holocantha, as two examples among many such palecendemics, are represented
in both the Sonoran and Coahuilan Deserts, The obvious suitability of jojoba to the Sonoran Desert
environments, its hzbit of growing and flowering with the winter-spring rains, and the maturation of
seed in the dry summer, all indicate jojoba had its origing along or near the Pacific Coast in the
Mediterranean type of c¢limate. The cold of the highlands along the continental divide apparently has
been a barrier to migration eastward. Other obvious barriers are the closed climactic communities of
Chaparral to the northwest and Thorn Forest to the south. Jojoba likes the open spaces, the milder
climate, and moister margins around the Sonoran Degert. The drier centers of this desert cutline the

limits of jojoba tolerance to drought. The depauperate plants in the desert are an inverse measure
of envirommental stress.

.

Another and quite different stressful condition is represemi=d by the [auna associated with
jojoba. Jojoba is mutritious browse. Deer, antelope, sheep, s¢~d ¥a-ecially man's cattle can consume
jojoba fagter than it can grow, In the long prehistory of jojuhaz th?%”iS'nnthing new., One has only
to recall Scott's "History of Land Mammals" (1937), or Frick®s Ruminante of North America (1939), or
a visit to the La Brea Quarternary tar pits to revisualize the abundant fauna that grazed, browsed,
and champed the Upper Tertiary vegetation of North America, Those mammals must have worked over the
palatable jojoba very destructfully again and again, according to increasing ruminant populations,
The general absente of jojoba in Mesquite Grassland, which appears in many areas a moat appropriate
habitat, may be due to overuse by the ruminant fauna of the Pleistocene. During such periods, the
drier portions of the desert, where jojoba could survive while ruminants died of thirst, would have
provided a jojoba refuge and seed reservoir for periodic resurgence of jojoba populations. This is a
considered assumption, not a provable case, but in any event, it is obvious that the ability of jojoba
to withstand drought has been a strong factor in its survival. The fact that jojoba now vccupies
about the entire limits of its range all around the Sonoran Desert indicates it has been here for a

geologic-long time. The many irregularities in distribution within the area are due tov local factors,
some of which are indicated above.

There are certain requirements that any wild plant must meetr before it can become a cultivace:

1. 1t must yield a product in relative abundance,
2. It must be responsive to the artificial envirorments of man,
3. It must have a genetic endowment that will support intensive selection of varieties.

Jojoba meets the first requirement of productivity very well, It produces a high yield of seed

oil during eeasons of high rainfall, and has already produced seeds in limited culture trials, with
and without irrigation,

Jujoba has met the second condition of man's environment in a qualified way. The earliest triais
at cultivation were failures, but the failures were due to the ineptitude and meglect of the cultivators,
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Overuse of water is reported to have seriously injured the 1943 planting near Florence, Arizona, and
the later Eddy planting at Arlington, California. Later plantings by Coit (1962) at Vista and the
Agronomy Department of the Univeraity of California at Riveraide, California, showed jojoba as
productively responsive to both dry-farmed and irrigated test plantings,

The third requirement regarding the genetic versatility of jojoba has been conjectural because
of the lack of specific information., In 1965 Baven and Kyhos reported jojoba as having n=26
chromosomes, while Stebbins and Major (1965) reported a sporophyte count of + 100 and classified it as
a palecpolyploid, The variability of characters in habit and in fruiting have slso been observed to
recur in cultivated progeny. Fascicled=fruited plants snd opeanly branched planta have been repeated
in seeded progeny. We do not yet know if and how polypleidy 1s responsible for these variables, or
for any other observable or cryptic characters, However, it is clear that these characters have
genetic base and the presence of polyploldy does assure us of a large potential for breeding varieties
for agricultural use, Jojoba adequately meets the three requirements set forth above. We need only
to liberate jojoba from the rigorous restraints of arid anvironment and the indirections of its genes,

Man cultivating hia crops can be conaidered as in a aymbiotic relationship; as he provides
protection amd substance for his plant, the plant yields up food and substance for his man, This
cozy condition appears particularly appropriate to the digging stick and the plow and txen stages of
agriculture, While the modern planter, with his mathematics and machinery, seems more remote from
his subjects, successful agriculture still demands unremitting attention, Man must live with his
cultivates. This is even more stromgly redqulsite when a new plant subject 1s brought into cultivation,
Jojoba will make its demands and provide many problems. They can be recognized and satisfied only
with man's cohabitation. The farmer can receive messages he would not otherwise get. At this

incipient stage of jojoba development, we should not only ask, what jojoba can do for us, but rather
what we can do for jojoba.

Finally, for scene one of the stage set here, there comes a message borne as upon a western wind.
Chief Jojoba has heard the singing of the whale, Chief Jojoba has a message, The message is: Young
man, careers are looking up. Get with Jojoba. Be 2 Jojoba symbiont!l
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SIMMONDSIA STUDIES IN ISRAEL
Meir Forti

Division of Life Sciences
The Negev Imstitute
Bearsheba, larael

INTRODUCTION

Any plnt species which could grow in an arid area and contribute to ite economic viabilicy is
worth investigating. Various ecological and econemic considerations have drawn attention to the
possibility of cultivating Simmondeia chinensis (Link) Schneider in Israel. Certain aspects of the
NHegev, the arid and semi-arfd area in southern Israel, resemble the native habitat of Simmondsis
in the socuthwestern United States. The liquid wax cobtained from its eeeds appears to have promiaing
industrial potential, However, adapring & wild species to cultivation is a protracted, expeneive aud
uncertain process. Thus in Isrsel, as in other countries, intereat in Simmondsia fluctuates, and
research has been slow and irregular.

Simmondaia had already been introduced in Iarael before the Negev Institute began its trials,
Dr. Gindel of the Volecani Institute=eBeit Dagan included it in his introduction progrem, and some of
his plante are etill growing in that part of the arboretum which became the garden of the Faculty of
Agriculture in Rehovoth. In 1958, Professcr Shifris of the Department of Plant Genetices of the
Weizmann Institute of Science, Rehovoth, obtained six seed lots from Dr. H.5. Gentry for purposes of
investigating sex heredity, They were collected in 1957 from wild populations and individusl plants
in California and Arizona (Dr. D, Atsmon, personal communication). These seede were apparently the
source of some 50 seedlinge planted in 1959 by Mr. Y, Orev, of the Ministry of Agriculture, Beer
Sheva, in the nursery of the Soil Comservation Service in Nevatim, southeast of Beer Sheva (loessial
soll, 150 wm or 6 in, rainfall), They were irrigated by =n underground eyetem and grew satisfactorily.
When irrigation was etopped in 1969 the plants declined sharply, Production varied widely between
individual plants: vyields of up te 800 gr. (1.7 pounds) per plant were regiatered.

In the early sixtles Simmondsia seedlinge ware grown on the Demonstration Farm of the Ministry
of Agriculture in Zrifin, near Tel Aviv, The origin of the seeds and the fate of the seedlings
could not ba sscertained,

Plants propagated from eeeds sent from Davis were tramsplanted in 1960 in the Botanical Garden

of the Negev Institute in Beer Sheva. They grew well until May 1972, when virtually the entire garden
was deatroyed in the wake of new urban development.

THE NORTHERN NEGEV: CLIMATE, TOPOGRAPHY AND LAND USE

The northern Negev is characterized by a Mediterranean climate. Rainfall occurs only in the
months from November through April. Precipitation decreases sharply over a short distance from north
to south and from the Mediterranean shore eastwards to the imterior. Beer Sheva has an average annual
rainfall of about 200 mm (& in.), Some 25 km to the south, the rainfall decreases to about 100 wm
(4 in,) and in the easc, in the Dead Sea area, it drops to 50 mm (2 in,),.

Temperatures are high in summer (average monthly maximum in Beer Sheva: May, 39° ¢., 102° F.)
and sometimes reach 45° C. (113° F.) and more. They seldom drop below 0° €, (32° F.) in winter
(average monthly minimum in Beer Sheva; January, 1.B° C. or about 35° F.), although temperatures under
0° €. may occut from end November until beginning April, The average daily range is wide throughout
the year (15.5° C, or 60° F. in May in Beer Sheva).

Relative humidity i{s low (annual average in Beer Sheva, 587) and may drop to 10=20% and less, with
the dry, hot inland winds of May end June,

The area comprises a system of hills and undulating plains, broken by the beds of intermitcent
water courses, Soil is moatly of aeoclian origin, caleareous, generally coarser south .nd southwest
of Beer Sheva and finer elsewhere, It is dcep in the plain and shallow and eroded on the hill slopes.

This is traditionally a range area, with pasture consiating mainly of annuals, Under higher
rainfoll and in faverable topographical conditions, winter crops are grown. The sharp deviations of
rainf-ll from the mean (33% mn or 13.5 in. in winter 1964=65, 42 mm or 1.6 in. in 1962-63) or its
erratic annual distribution, or both, make lund utilization uncertain under natural conditions,
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The soil in the plain 1s fertile and crops respond well to irrigation. The resources of good
quality water, however, are exhausted, Heunce the interest in drought resisting or galinity tolerant
crope or both, particularly those presumed to benefitr from specific aspects of the area.

ORIGIN OF THE NEGEV INSTITUTE PLANT MATERIAL

The Simmondsia materisl used by the Plant Introduction Department of the Negev Institute has two
main sources:

1. Dr. Gentry. This wmaterial belongs to the same six seed lots, which, as already mentiomed,
Dr, Gentry sent to Professor Shifris. 1t was collected in Santo Tomas and 4in Senta Marts,
Baja California, in Aguenga, California and three lota at Camp Creek, Arizona. The
gseeds were taken from single shrubs or local populationa. Some of the seeds were used for
propagating the seedlings transplanted by Mr. Orev in Nevatim, and others were given to
the Negev Institute. The eeedlings obtained were transplented by Mr, A, Kadish in the
Inatitute grounds in Beer Sheva in 1961.

2. Dr. R.G, Stanley (then of the Imatitute of Forest Genetics, Flacerville, Calif.} and
Mr. A. Kadish., This coliection consisted of 73 seed lots and comprised about 50
different sources, It was collected in 1559 and in 1960 in Californiaz from wild populations
and single plants as well as from individuals cultivated 4in various gardens. The seeds
were propagated in the Department nursery in Beer Sheva in 1960 and 1961. The seedlings
obtained were transplanted in experimeatal plots at the Negev Institute and at Gilat, a
nearby forestry nursery, in 1961, 1962 and 1963.

EXPERIMENTAL PLOTS IN THE MEGEV

Seven experimental plots of Simmondsia were planted in the Wegev by the Negev Institute. Five
are growing satisfactorily. Planted over the years 1961 through 1969, all of them are in loessial,
non-saline or slightly saline solls and differ mainly in soil characteristics, rainfall, and the origin
and purpose of the material utilized., Table I shows the main characteristics of the different sites.

1. Beer Sheva, Introduction plot

The plot covers an area of about 2,5 dunams (sbout 3/5 acre} and was planted during 1961 and
1962 with about 2,300 seedlings, Since inferior specimens had to be eliminated early, spacing was
very close: 1.5 x 0,5 m {60 in. x 20 in.). The initial furrow watering has now been raeplaced by
sprinkler irrigation. Abundant water was supplied at the beginning, and was gradually reduced to one
irrigation per gsummer. Various surveys were carried out on this plot., The yield data in particular,
and obzervations on vegetative and morphological characteristics enabled a first selection of plants
in 1967. About 507 of the original material was eliminated.

2, Gilet, northwest of Beer Sheva

This plot was planted by Mr. A, Kadlah in Janwary 1963 in the nursery arez of the Jewish
National Fund and is a joint project of this Fund and the Negev Institute. Ite 1,300 seedlings were
propagated from the seeds collected in Califormia by Stanley and Kadish. It covers an area of about
7 dunams (1,3/4 acres) and its wider spacing (4 m x 1.25 m; 12 fr, x 4 ft.) enables mechanical
cultivation between rows. The furrow irrigation initially used was replaced by a simplified drip

irrigation system in 1967, Since 1964 three water regimes have been applied for preliminary informa=
tion on plant response to waters

a, Rainfall only, Supplementary irrigation in drought years up to the annual mean was
considered, but never applied;

b. An additional 200 mm of water in one irrigation at midesummer;

¢, An additicmal 200 wn of water im two applications, one at mid-summer and one at the
beginning of the fall,

In 1971 no irrigation was given, as rainfsll approximated the total amount of water planmed for
the experiment,

Individual harvesting, together with morphological cbservations provided sufficient data for a
preliminary selection. In this way about 507 of the seedlings (70% males and 0% females) were
elimivated in 1969, The same data enasbled the Initiation of an hybridization program for producing new
improved types combining high yields with other favorable characteristics, particularly shapes suit=-
able for easy and quick harvesting,
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3. Omex, 7 Km, northeast of Beer Sheva

This small plot {about 1.5 dunam or 2/5 acre) wna planted in 1966 with about 100 secdlings
propagated from seeds of pood producers fruom the Beer Sheva and Nevatim plots. Spaced at 3 x I m
(10 ft, x 10 ft,) and not irrigated at all from the very beginming, thia plot was part of a more com-
prehensive project for observing growth and production of 8 large collection of specles under the
natural conditions of different enviromments, In addition Lo the Omer site, this scheme included two
other areas:

a. OGwvulot, west of Beer Sheva (170 mm or 6.5 in. rainfall), loamy sand overlaying a loessial
goily

b. Wadi Secher (about 150 mm or 6 in.), deep sand dunes south of Beer Sheva. In the two latter
plots the seedlings died ghortly after transplanting, In Omer the development was fair:
several plants started producing in the third year after tramsplanting (1969) and yields
of 300-360 gr. (0.6=0.8 pounds) were recorded in 1971.

4. Beer Sheva, hybrids 1967 and 1968

&

5. These two plots were planted in the Negev Institute grounds iun 1968 and 1969, respectively. The
hybrids were produced by Dr, M, Tal of the Negev Institute, by crossing individuals which in the old
Beer Sheva and Gilat plote had shown promise in regards to yield, morphology, accessibility, etc. The
two plots covered an area of 1 dunam (1/4 acres) each and were originally planted with 1,100 and 700
seedlings respectively, Several irrigations during the year were intended to hasten growth and to
allow inferior and superfluous plants to be eliminated early and within a relatively short perioed.

The 1967 hybrids started yielding in summer 1970. Several 1968 crosses gave a few fruits in 1971,

PHENOLOGY OF SIMMONDSIA IN THE REGEV

1. Sex differentiation

Table II gives the results of a survey carried out in 1964 {(ome year after transplanting) in the
Gilat plet. Surveys in other plots gave similar results,

A relationship exists between the development of the plants, time of sex differentiation, and
yield, Most of the seedlings differemtiate during the second year. Males apparently tend towards more
rapid and vigorous growth and earlier maturity. In females differentiation occurs mainly later in the
season and largely after the flowering period. Flowering females rarely produce any fruits in the
second year, Fruiting usually starts only in the third year. The final sex ratioc in Gilat was about
52% males and 48% females, Similar values were cbrtained in other plots,

2, Floral bud formation and flowering

Flowering takes piace over quite a ieng peried, usually from end January to end April, and varies
from plant to plant,

Irrigation, probably in conjunction with other factors, seems to induce ocutwof-season, later
flowering in swmevr and f£all, Early flowering is also reported. An exceptionally large number of

plants flowered at the end of January 1971 in Beer Shevsa, probably owing to the high temperatures and
the high rainfall which prevailed that winter,

The ability of Simmondsia to react quickly to envirommental phenomena and to flower in different
periods of Lhe year, could be related to its typical characteristic of setting floral buds over a
larye pericd of the year; and in certain individuals almost constantly. These buds, which normally
remain ¢losed until the next flowering season, open 45 $oon as favorable conditioms occur. In turn,
the new buds set largely on fresh plant growth. They appear in the axil of newly developed lcaves,
shortly after these have formed, and often alemg with the twig elongation process which produces a niw
intcrnode, Hence yicld is directly associnted with the vegetative nctivity of the plint,

3. Fruit ripeming
The fruits do not ripen simultaneously either on the same plant or on different individuals, Iu
Gilac and Beer Sheva at least two harvests are carried out in summer between end Junc and end August.

Sometimes a third harvest is necessary in September for individual plants, Heavy ylelds are often
asgociated with slow and prolonged ripening,
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4, Vegetative and reproductive cycle

For & more detailed study of Simmondsia phenology, tem plants (five males and five females) were
randomly selected from the Beer Sheva plot, and cbserved from January 1964 through January 1965.
Tables IIIaand b report the data for four of them, Two bramches on each plant were atudied for
reproductive activity, and theee chiefly for vegetative activity., Rainfall during the period specified
was 318 mn (12.7 in,) in winter 1963=64 and 270 mm (10.8 in,) from October 1964 through January 1965,
Two irrigations were given, one in June and one in September 1964, Despite the atypical conditione
prevalling during both winters and the considerable individual variation already mentioned, the survey
did establish certain features,

a, Flowering reaches a peak over March and April.

b. Most of the flower buds formed clome te the flowering seasou do oot open, but remain
dormant until the next spring. The great majority of bude which do open are those which were
set during the previous year.

¢. Far fewer fruits reach maturity than the number of floral buds set, In the survey described,
failure was often due to injuries caused by parasites {particularly an unidentified borer).

d. Vegetative activiry pesks over March and April and Ilncresses sgain, although less markedly,
in about October,

The fell increase is particulariy associated with new twig growth. The renewed vegetative
activity at the end of the hot season les characterletic of many Israeli gpecles,

e, Floral buds are formed throughout the year, Formation reaches its height in April and May,
with sometimes a mild resurgence in November, Bud formation peaks usually follow after
peaks of vegetative activity, thus indicating that bud formetion is largely comnected with
and dependent on new growth,

f. The behavior of male and female plants is similar, although fruit-bearing seems to affect
several aspects of the phenology of the females, Thus setting of floral buds and growth in
female plants often appear less conspicucus and last a shorter time than in males.

YIELD

Although individual seedlings already produce a few nuts in the second summer after planting,
most start ylelding more consistently in the fourth year under dry conditions as well as under
irrigation. FPlants from the same seed source do mot generally exhibit common characteristics and this
includes yleld levels. Yield is an individual characteristic, It varies from plant to plant and
from year to year, and seems to be partially affected by envirommental fluctuations,

Table IV gives production data from 1964 to 1971 for selected individuals growing at Gilat and
chosen for their relatively high yields. Om the whole, production increased, However, in both 1969
and 1970, or in at least one of these years, yields declined. This decrease may have been due to low
seasonal rainfall, In turn, the high yields of 1968 and especially of 1971 could be velated to the
rainy winters of 1967-68 and 1970-71. 1t is worth noting that the 1971 yields were high despite the
fact that no irrigation was given at all.

A detailed study of the effects of irrigation on production was not possible. The heterogeneity
of the msterial precludes any comparison between different water levels. Considered individuaily,
plants like 879/154 (Table IV), which was not irrigated since 1964, pgave one of the highest and least
variatle yields obtained so far. However, chservation of the total yleld indicates that watering has
a favorable effect, Table V shows the total production in Gilat from 1965 to 1971, Low seed weight

seems to be associated with high yleld. 1In unfavorable years not only is the total production reduced,
but alsc the number of fruiting plants (see also Table IV),

Irrigation in summer and fall appears to stimulate at least certain individuals to additional
flowering and fruiting, although there may be other contributory factors, A closer survey was carried
out in Beer Sheva in summer 1970 in which a large number of out~ofeseason flowering plants were
observed. It was found that at harvesting time (end June) 40 plants, both female and male, were
flowering, Of the 26 femalea, 13 ripened fruits in late October and early November. Yields of wp to
350 and 450 gr. were registered. Plants flowering still later were harvested in late November and
early December. With a few exceptfons the late-flowering individuals did not produce any nuts in the
normal season. The use of suitable material and intensified agricultural practices may possibly enable

more tham one liarvest per year. However, the biclogical and subsequent economic effects of these
practives canmot be foreseen.
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GERMINATION AND SEED PROPAGATION

In the Gilat and Beer Sheva plots numerous volunteers were found under and close to the adult
plants, In Omer, an experimental sowing carried out im situ and without any irrigation, even at sowing
time, gave a very high germination rate, FPlant growth, however, was very slow as compared with that of
transplanted seedlings produced in the anursery, '

In open-air nurseries the winter comditions, especially when combined with bad drainage, were
detrimental. More controlled conditions produced a favarable response, Germination was then higher
and less sporadic. Loss from disease was smaller., In the rainy winter 1964~65 (339 mm, 13.5 in.
rainfall and 45 rain days as against an average of 204 mm, 8 in. and 33 days), sowing was dome in Beer
Sheva at the end of October 1964, Seeds were placed in plastic bags set into open~air beds, Germi-
nation was low to very lew (6-527, according to seed lots), and was spread over the period from the
end of NMovember until the end of April and even later, Seeds sown in flats under glass in December
1965 showed up to 100Z germination by the begimming of March 1966, Hybride sowm at the end of Qctober
1968, in plastic bags protected by plastic covers, germinated from 60-100%, depending on seed lots, by
the end of November, 1In all instances the seeds were fresh and had been produced locally in Israel.
No treatwent was given to seeds before sowing.

SELECTION AND IMPROVEMENT

l. ¥ariability

Material gathered from a considerable mumber of provenances and grown under uniform conditions
offers a good opportunity of distinguishing between genetic characteristics and those conditioned by
environment, The Israel collection displays a broad spectrum of types, Flants obtained from seeds
harvested in the United States in the wild seldom show common characteristics, even if the seeds were
produced by a single individual or by plants growing in the same enviromment., Differences in yield

and phenology have already been mentioned, Variabllity in morphelogical traits is no less important
and striking.,

Sexual and fruit characteristics in the Israel collection are highly heterogeneous. Monoecious
and hermaphrodite individuals, plants with nodal fruits or with fascicled clusters or both can be found,
These characteristics seldom involve whole plants, Altermate and nodal floral buds, for instance, may
be produced on the same branch at different periods of the year, and are probably associated with
envirommental phenomena (nodal buds in late summer). Seed shape and color are constant in individual
plants, bul there is considerable variation between different plants., The size and weight of seeds

are also characteristies of individueal plants, although they do fluctuate in the same plant in different
years and are probably conditioned by the rate of the yield,

Wax content has been found to vary considerably, and up to 58.8% wax could be extracted from
certain samples. {Extraction carried out by Dr. G, Alumot, Department of Animal Nutrition, Volcani
Institute of Agricultural Research, Rehovoth.)

Amongst the Israeli marerial one provenance in particular is notable for its relutive uniformit-.
This is the group identified as number 1180 @, which was obtained from seeds collectud at the luntington
Garden, Pasadena, California, Males and females are generally similar in size and in their cliaracter-
istic shape. They develop long, flexible shoots at the juvenile stage, have relatively few stems and
at the more adult stapge show a fairly open canopy produced by the regular horizental distribution of
lateral branches. Intermodes are long and leaves are pale olive green, Some plants are good seeders

(see Table IV} and show 2 trend towards increasing yields and relatively slight production fluctuaticn,
Seed weight is often high.

A high yield and a habit suitable to wanual or mechanical harvesting are among the most
soughteafter features in the development of economicslly viable Simmondsia. The Negev Institute has
undvrtaken an lnitlal selection program in which these two Features are recedving particular attention.
tlowever, the various characteristics desired are rarely found in the same plant and in any case they

cannot be reproduced by seed propagation, Plant improvement and vegetative propagation are at present
at Jifferent stages of development,

2, Mant_improvement

A hybridization program was started in 1967 and continued in 1968, The work was done in
conjunction with Dr. M, Tal. A preliminary survey of the reproductive and vegetative characteristics
of the individuals growing in Gilat and Becr Sheva supplied the basic information, The hybrids
obtiined werc planted a year later in the ares of the Negev Institute in Beer Sheva (Table I). A

firsL selestion of the 1967 hybrids took place in May 1972, About 250 plants were eliminated, A
further selcetion is about to be carried out.
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In spring 1971 males and femalea of the same Fy progeny were crosséd to uncover desirable traite
recessive in the Fy plants. The eeedlings obtained are at preeent ready for transplanting. 4 further
gseries of c¢rosses between F) individuals is planmed for the coming apring.

3. Yegetative propsgation

Vegetative propagation is essential for the reproduction of the characteristics of outstanding
plant types, Preliminsry trisls carried ocut under various non~controlled conditions indicate that -
aplcal soft wood can be used successfully for propagaticn. Rooting of up to 307 was cbtainad., Plants
eould not be propagated from herd-wood cuttinga,

No differences have so far been ohserved in the behavior of rooted cuttings &s compared with that
of seedlings, when both are groun under the same field conditioms,

SALT TOLERANCE

The water and seils in arid areas are often saliune. If Simmondsia could successfully be irrigated
with brackish water, more intensive cultivation of this plant could be afforded in the Hegev where there
are no reserves of fresh water, while the resources of saline water at 2500-3000 ppm TDS are abundant
and unexploited,

The effects of salinity on the development and anatomy of Simmondsia have been reported by
Yermsnos et al. Its effect on production was tentatively checked in Beer Sheva under hydropenic
conditione (M. Schwarz and Forti M, 1968). The two saline nutrient solutions used (3380 and 2580 mg/1
salte, respectively) had a composition similar to that of the brackish water of the Negev. A standard
nutrient solution was used as control. The seedlings were irrigated with the different solutions after
being placed in gravel-filled containers in September 1966, By the end of the experiment (summer 1968)
100% mortality had occurred among the plants in the more concentrated salt solutiom, At 2380 mg/l salte
establishment was similar to that of the controls and growth was satisfactory. The plante. flogered in
spring 1967, but, as in the control, no fruite were produced., In July 1968 ylelds ranging from a few
gr. up to 60 gr/plant were obtained, They did not differ substantially from those of the standard
solution,

PRELIMINARY CONCLUSIONS

1, Over 10 years of experimental cultivation of Simmondsig under different envirommentsl conditione

and with applicatiom of different agricultural practices show that this plant can grow satisfactorily
in the northern Negey,

2, The species starts yield in the third or fourth year after transplanting. 1t can develop and
produce in loessial soil under a winter rainfall of 200 mn/year, Excellent yields were cbtained

from single plants without any irrigation slthough supplementary watering seems to increase pro-
duction.

3, Introduction trials in sandy soils under the completely natural conditions of the site have ac far
proved negative. Irrigation was not tried, but the species is apparently at least moderately asalt

tolerant, and hence the coarse~textured sand could be an excellent substrate for cultivatica in
brackish water,

4, Plants seem to respond well to a high winter rainfall, while summer irrigation could induce

additional flowering and fruiting. Yields could therefore be regulated by appropriate manipulation
of watering.

5. Heterogeneity 1s an obstacle to both agricultural experimentation and commercial utilization. The
full potential of the species 1s unknown. The information currently available is in many instances
only an indication of the performsmce and behavior of the species. The real response of
Simmondsia to irrigation, fertilization, pruning and other agricultural and envirommentsl factors
will remain obscure, if not checked on a uniform basis, If the promising types already identified
are vegetatively propagated, they could form the firet stage of a detailed research program,

6, Variability offers extremely attractive breeding prospects. Improved types adapted to given
conditions and agricultural practices could be produced. Factors such as uniformly high yields,
& high content and quality of wax, characterigtics enabling easy and cheap harvesting, should all
be part of an improvement program. Screening and trial of a broad range of types from the wild
shiuld be contimued and enhanced together with intensification of the breeding work,
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Hand picking is tediocus and expensive and weighs heavily in production cost. Improved harvest

systems should be studied if the plant is to be used competitively for other than very sophis-
ticated purposes.

Cultivation and improvement of any new crop involves a long and expensive process of research and
trials. The essential worth of Simmondsja chinensis lies in its liquid wax. The real development

of Simmondsia and of research into its asgricultural utilization depends entirely upon more vigorous
promotion of its industrial potentisl. .

ACKNOWLEDGEMENT

The assistance of Mrs, Cynthia Bellpn in editing this report is greatly appreciated.

19




114

EXPERIMENTAL SITES

Table I - MAIN CBARACTERISTICS COF SIi20:°DCra

experimental site

Hean ainnual

Altitude

Elc.

and Cooxdinates rainfall » {ft) Topography Seil €aco, i muixos/mz
Year planted mm (in.)
wegev Institute grounds
LeeY HacVa 34° g8'E 204 (8%1) 280 {240} tiear a wadi, Sroken  Deep loess, Sandy 15 to 28s, 8,1-B.4 Data not
ls0l and 1222 3% 15' area, partially loam grading to Lime con- available
levelled. clay-loam. cretions.
LESE E.aeva 34° ¢80n 204 (6"1) 268G {(840) Flat or partially Deep loess, Sandy Data not - B,2-8.7 Data not
nyorids 31° 15 levelled. loan to loam. avallable, available
138 end 13352 Lime con-
cretions.
Gilat 34° 39's 22B (9"1) 150 (450} Flat Deep loess, Sandy Up to 308, 8-8.5 Saldom > 2
January 1363 31° 204 loam grading to Lire can-
loam with under- cretions,
lying gypseous
soil at approx-
imately 2 = depth.
Otwr 3¢° sor, 206 (8"2) 325 (275) Alluvial depression Deep loess., Sandy 17 to 20%. 8-8,3 S5eldom
Hay 1364 1° 17 near a wadi, loan to silty clay Lime con- 2-5 in deep
in the upper layer. cretions. layers

Loaim to clay at
150 em.
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Table III a - REPRODUCTION MID GROW'N (SLER SHEVA, JANUARY 1964-JASUARY 1965}+*

FEHWMALE PLANTS

Jan. Peb. Mar, Apr. Hay June July hAug. Sept., cct,. dov. Dec, Jan, Total
1964 1965

2lant 522 /37
{origin 3 California)

Total floral buds, Jan. 1, 1964'% 24 24
Hew floral ouds(af - 1 4 11 10 4 1 - - - - - - 3
Opan flowers(a) - - 19 5 - - - - - - - - - 24
Fruits(a) o) - - - - - - 10 - - - - - - 10
Hew lateral twigs ) - 1 5 1 - - - - - - 1 - - 8
Floral buds on new lateral twigs - - - - 1 2 2 - - - - - - 5
Average elangation, mmic} - 2,3 3.0 63,6 25,0 22,3 2,3 - - - - - -  152.5
New floral ouds on elamgation (<) - - 1 2 1 1 1 1 1 - - - - 8
dew twigs on elongationlc) - - 7 1 - - - - - - - 1 9
Plant 1176 G/48
(Origin : # 2 - Rancho Santa Ana Botanical Garden, Califomia)
Total floral buds, Jan. 1, 1964%% 48 It
New floral bydg (2 - 8 8 3 47 5 - 1 - - 3 - - 108
open flowers'® - - 22 28 - - - - - - - - - 50
Fruite(a) ®) - - - - - - 26 - - - - - - 26
Hew lateral twigs ®) - 1 12 36 3 - - - - - - - - 59
Floral buds an new lateral twigs - - - 8 17 5 - 1 - - 3 - - 34
Average elongaticm, smmic) - 5.0 64.6 36.3 10,3 3.0 1.6 - - - - - - 120.8
New floral buds on elon?auon‘c’ - - 5 2 - - - - - - - - - 7
New twigs on elomgation!®) - 1 14 3 2 1 - - - - - - 1 22

L]
*Chservations were carried out on five branches (1, 2, 3, 4, 5) according to the following scheme:

(a)m branches 1 and 2

{blm branch 3 only
{c} .
on the elongation only of branches 3,4,5
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Table I1i .0 - MURODUCTIA 7B GHOUT: (BEER SUEVA, JAsUARY 1964-JNTHARY 1365)%
MALE PLAHTS
Jan, Fes. Mar, Apra May June July Aug. Sept, Oct. ilov. Dec. Jan. Total
1964 1365
Plant 599 A/33
(Crigin : 16749 - santo Tomas, Baja California)
Total floral buds, Jan. 1, 19642 53 53
Yew floral buds! af - 4 6 17 66 21 4 - - 2 2 2 - 124
Gsn Ziowersial - - 20 1 - - - - - - - - - 53
n_-uj,gghl ) - - - - - - - - - - - - - -
wes :ateral twwigs (b) - 1 1l 23 3 - - - - 2 - 1 - 31
Floral buds on new lataral twigs - - 1 4 26 7 1 - - 1l 1 1 - 412
Average elongation, mmic) - 1.6 17.6 58,5 34,0 155 6,0 2,5 - - - - - 135.8
wew floral buds on elongatiaon{c) - - 1 3 - 2 - - - 1 - - - 7
Wew twigs on elongationicl - - - 7 2 - - - - 2 - - - 1
Blapt G22 5/43
{Oorigin : California)
Total floral buds, Jan. 1, 1964'2) 29 29
sew £loral ouds (&) - 1 - 23 37 26 12 1 3 - 8 b3 1 113
Open flowers(a) - 4 22 - - - - - - - - - 26
Fruits{3) - - - - - - - - - - - - - -
New lateral twigs () ) - - 1 16 4 - - - 1 1 X - - 24
Floral buds on new lateral twigs - - - G 14 13 4 1 2 - ? 1 - 42
Average elongation, rmic) ) - 3.0 17,6 74,6 37.6 21,3 7.6 1,0 17 11.3 10 2,3 1.6 254.9
Hew fleoral buds on elon?anon - - 2 4 3 2 1 1 1 1 - 1 1 17
Hew twigs on e¢longation'S - - 3 3 - - - - 2 - 1 - - 9

*s2Tvations were carried out on five Lrancies (1, 2, 3,
{a)

o
1

on branches 1 ana 2
-

"oe Zranca 3 enly

-~

“'en tae elonqaticn anly of branches 3, 4, 5

4, 5) accarding to the follmring scheme:
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Taule IV = YILLDS AwD ¥YILLD PLUCTUATIONS OF SwlECTLD PLAMTS

GILAT 19¢4-1271 (9%}

flaac trrication'® 1264 136> 1w6o 1967 1968 1963 1970 1971  Total  Seed ., Origin of Seeds
weight

3794134 no - 428.0 753,0 334,0 1171.0 5980 £07.0 3134,0 7865.0  0.40 california

1130 141 1 - 25,0 453,0 1422,0 2202,6 - 2566,0  G03.0 6668.0  0.39 california

1180p/13¢ 1 - 1.5 164.0 643.u  ©12.0 2170.6 45,0 2129.0 6121.5  0.71 Hmtington Gardens, Pasadenz,
Califormia

872785 2 6.5  339.0 163.0 1408.0  563,0  39.0 484,0 2240.0 S5636,5 0,68 California

87960 PO - 24,0 235.0 276.0 1026,0 139.0 353.0 31880 52410  0.34 california

875,70 2 - 63.0 447.0 572,0 646.0 149,0 33,0 2097.0 4812.0 0,23 california

875783 2 - 7.0 172,0 334.0  6€80,0 1392,0 GBO.C 1228, 4502.3 0,38 California

1175 it03/5 2 - - - 1651.0  198.0 22,0 253,0 2329,0 4453.0  0.47 california

1150,/104 ] - 5.0 7,0 242.0  808.0 13097.0 104.0 1990,0 4359, 0,67 Zuntington Gardens, Pasadcna,
california

1125775 2 - 145.0 605.0 479.0 1222.0 = 53.0 1754.0 4258,0  0.40 Rancho Santa Ana, California

1176 i03/37 : - 173,0 200.0 1145,0  T29.0 - - 1970.0 2217.0 0,32 califommia

£79/55 2 - 33.0 402,0 272.0  1110.0 2.0 £.0 2103,0 3932.0 0,27 california

1176 03712 2 - 29.0 159.0 462,30  373.0 5.0 .0  2357.0 3839,0  0.40 Califomia

1176 .:23/48 0 - 4.5 - 12210 229.0  ~ 222.0 1225.0 23961,5  0.27 california

{a}

)

Average seea welgat in tae year of alghest vieid,

10 * no irrigation; 1l = oae irrication of 200 mm; 2 = two irrigations of 100 mm each,
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Tahia V -  CTinn CLOT, TODNL WIDLDH DUToRDIan DU INCLTTIGL GIVLG

135 = 127

Yuar 2 irrigations of 100 r each 1l irrigation of 200 im we irrigation

vielding Total Awerage Averace  Yielding Total Average Average Yielding Total Awverage  average

plants rield yield/ seed plants yield yield/ szed olants yield vyield/ seed
{.10.) (gl plant veight {io,) (kg plant weight {-:c.} {izg) plant welight
{gr} {gr} (g} (gr) {gr) tgr)
1965 71 3.7 S2 0.74 71 1.1 16 0,52 56 2.0 35 c.el
1966 7 8.1 109 0.60 76 5.9 17 0.69 52 4.6 =} 0,72
1967 123 37.6 306G c.58 110 26.9 244 g.58 97 20.4 210 0.58
1968 117 38.0 325 0.56 111 30.4 273 0.69 93 11.6 125 0.63
1969 46 6.3 138 0.68 a6 3.5 205 0.74 13 1.3 15° 2,71
1970 45 8.0 177 0,47 51 13,13 200 G.55 16 1.5 o5 G.54
1611™ e 52,5 852 G.43 79 C0.0 760 .59 66 35.7 541 ©0.44

a . . . . . .
¢ jHurbcr of plant: dccreascd drastically due to eclimination of poor producers ané otiier inferior plants.

(..}

so irriqation civen 1271 cecause of ulgh ainter reinfall.



JOJORA SEED PRODUCTION POTENTIAL: ARYZONA, 1972

C.5. Tomoif
J.r., Johnson

Office of Arid Lands Studies
University of Arizona
Tueson, Arizoma

The cbjectives of our studies are to locate and map the distributions of jojoba populations in

order to provide the information needed to select the most productive areas to be used for harvesting -
this year's jojoba fruit.

We are attempting to map the geographical distributions of jojoba populations, expressing them in
terms of their population densities, sex ratios, present fruiting conditions, and then estimating the
seed production potemtial for each population om a weight per acre basis. The total projected pro-
duction is then calculated for the combined stands in each area. Other factors we are considering are
topographic relief, as it relates to picking efficiency, and accessibilicy by car to the picking areas,

At this time we are unable to provide accurate estimates of seed production for the State of
Arizona, although tentative estimates from a few localities are available, Many of the areas of known
jojoba occurrence which we have surveyed so far have had no or very low seed production, and acecordingly
have been eliminated from further consideration at this time, Other arcas with high population
densities have been located from the air and may have high production potential; these stands will
soon be investigated from the ground to determine the extent of fruiting conditions.

Due to jojoba population variability, we have encounter:d problems in developing methods which wiil
provide meaningful field data for interpretation and estimation of jojoba seed production. This
variability results from macrogeographical differences between stands in different areas and from
microenvirommental differences within specific stands, Factors which complicate our work include stand
density, sex ratio, the quantity of seed set per shrub, and the size of the seeds.

Qur approach has been to locate stands of jojoba which have high densities, either by flying over
areas unfamiliar to us, or by travelliog by car to areas of knowm occurrence., We are concerned with
high densities in order Lo concentrate harvesting activities in as few areas as possible. Once dense
stands are located, we determine the sex ratio by examining 50 or more plants, In areas where roads
or trails are present, we estimate the demsity of fruiting plants per acre by counting all fruiting
shrubs within 100 feet of the car, om each side of the road, for 0.l mile segments; each such sample
is about 1 acre. This gives us some quantitative idea of the variabililiy and extent of the stand. (ne
difficulty with this method is that the results may be biased due to increased runoff associated with
the r¢ad and may indicate higher fruit production than is generally present in the area as a whole, To
check the validity of this method, we walk through square acre plots established away from the road and
count the fruiting shrubs per acre of habitat,

To estimate the fruit production or yield per plant, we pick a bush cleam, count and weigh the sceds,
and use this as a basis for judging the yield of other shrubs, When the seeds on the shrubs in other
areas are much larger or smaller than those previously measured, another shrub is stripped and weighed,
Multiplying the number of fruiting shrubs per acre times the average total weight of seeds per shrub,
we obtain the number of pounds per acre for a stand,

The distribution of the stand is then mapped on a topographic map and the number of acres measured,
giving the mmber of pounds projected for the area.

We have found areas with high jojoba densities in several parts of south central Arizoma, but many
are not producing fruit., Some stands apparently set fruit carly in the year, but are now aborting
or have already aborted their fruit. This is probably due to this year's drought, Othercs apparently
didn't set fruit at all. Based on the sites we've visited so far, 1t appears that dense fruiting
statds are situated predominately on nertheqast, north, and northwest facing slopes, along atevp slopes

immediately adjacent to washes or runoffs, or on relatively flat terrain which is fed with considerable
runvif Erom ncarby slopes.

To date we have located and marked arcus suitable for picking which have projected ylelds ranging
from 1,000 pounds to 5,000 pounds. A total of 15,000 pounds may be available west and south of
Supurior, DBepending on a varfety of conditions, this region may yield up to 25,000 pounds.

in addition to cur field studics we are conducting biochemical analyses to monitor lipid composition
of the seeds during their development, Labcled shrubs will be sampled at regular fmtervals and
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analyzed for percent lipid comtent and for the composition of the fatty acids and alcohols which form
the lipid, These determinations will cutline the sequence of maturation and should indicate any
changes in lipid structure which may affect the physical properties of the oil,

In concluaion, we are rafining our methods for £ield estimation of seed production and based on
our most recent results, are optimistic about locating and harvesting 50,000 pounds or more of jojoba
asetd from south central Arirzona,
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OUTLINES OF A RESEARCH AND TRAINING PROGRAM ON JOJOBA
Quentin Jones

National Program Staff
Agricultural Research Service
V,5. Department of Agriculture
Beltsville, Maryland

Several months ago when I had the temerity to offer a paper for this Conference I did not know
who would be preceding me to the speakers' rostrum nor, of course, the special subjects they would be
addressing, After seeing the printed program it was not difficult to arrive at the conclusion that
my remarks might be, on the whole or iIn large measure, superfluous. This likelihood produced an
unsectling feeling that has persisted to the present momeat,

You could well ask why I did not bow ouk gracefully. The thought crossed my mind. My reasons
for rejecting this more prudent course may be no more substantive than what I will go on to say in this
paper but they were these: (1) In some 16 years of experience in working with "new crops," I have
found, as have wost of my colleagues, that they all have a number of problems im common; (2) I have
been intrigued with jojoba and its largely unexplored potential for about the same number of years
(1 might admit to a degree of brain washing by my friend and colleague, Howasrd Scott Gentry, with whom
1 was closely officed during the perlod); and (3) Sometimes the ideas of those who are innocent of any

personal involvement in a problem are found to be ugeful just because they are not cluttered with facts
nor wedded to established concepts on the subject.

Looking over the program of speakers and the titles of their papers, I tried to detect any gaps
in coverage that 1 might attempt to bridge. 1 concluded that if all the speakers fully developed the
topics on which they were to speak, there were no apparent gaps. It seemed to me the only contribution
I could possibly make to this Conference would be to outline a research program having as its objective

the establishment of jojoba as an economically viable, cultivated crop for the southwestern United
States.

If nothing else, I would hope to put up a target for the rest of you to shoot at. And who koows,
we may get a reshaped target to focus on and help us answer the question: "Where do we go from here?"

I think it should be made quite clear that I am not recommending the immediate implementation of
the research program I am about to cutline, nor any other long-range program on jojoba, An assessment
of the information presented at this Conference, the results of the planned project to harvest encugh
jojoba nuts to produce a tank-car load of oil for industrial testing, and the conclusions reached from
a dispassionate evaluation of the long-term competitive and socioceconomic prospects for jojoba, should
collectively provide the basis for future planning,

A RESEARCH AND TRAINING PROGRAM ON JOJOBA

Obviously, in the allotted time I can hardly do more than ocutline a program. If it is considered
to have some merit, then those of you with expertise in the discipline areas involved should build in
the fine structure. Certain truisms probably bear repeating at this point. Eventual establishment of
any new ¢rop requires many years of continuous, cooperative, and coordinated research and development
activities involving research and extension people, producers, processors, and consumers. JImmediate,
far=reaching results cannot be expected., Unless all facets of such an endeavor are properly programmed
and adequately supported, one can count on a long, drawm=out, inconclusive effort that will result only

in a waste of resources. And in 1992 amother group will be holding a conference on what can be done
with jojoba.

1 have entitled this a research and training program because I think that in the final analysis,
success of jojoba as a cultivated crop for the southwestern 'nited States will depend about as much on
training as on research. Let me be more specific, Every new industrial crop goes through an "awkward"
stage. Farmers are reluctant to grow it unless they have an assured market and at a fair price; users
are reluctant to shift to new raw materials of uncertain supply, Another truism of critieal impottance
in resolving this impasse {5 a superior extension effort by people thoroughly trained in the production,
processing, and utilizarion requirements of the new crop and its products, T belfeve that the best way
to provide this training is to involve local youths (hopefully Indians) in work=study experiemces under
the supervwiz=isi and guidance of program scientists. For this and other obvious reasons, as much as
possible of the evaluation and developmental research on jojoba should be done in those areas where

the crop will be produced. Then at least some of the funds spent in the program will have spin-off
benefits vhere they are most needed. ’
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The order in which progrem elements are taken up in the following ocutline ia not meant to imply
a straight-line, sequential phasing of the work involved. The entire program, including presently
ongoing research, will have to be orcheatrated ac that information and research materials will become
availeble in timely fashion to minimize lag time in any sector of the program, Ae Gentry remarked in
1958: "There are several first stepe neceasary for the domestication of jojoba and they all need
doing at once,” I would propose a I=pronged program.

I. F d C

A good beginning has been made in thim ares, notably by Dr. Howard S, Gentry during the 1957
growing season. But in my opinion more extemsive and intensive field study will pay large dividends
in getting the program atarted off in the right direction and will save the greatest amount of time.

Field studies should be considered as attempts to interpret the resulcas of experiments that have
been underway for tens of thousands of years. Observaticnal and analytical methods of modern plant

taxonomy, eytogenetics, ecology, geology, soil science and hydrology permit us to go a long way
toward relisble interpretation of nature's experiments,

Selection and collection of superior propagstion stock (seed and cuttinge) based om
observaticn and analysis of diversity in and between populationa throughout the natural range of the
species 18 an especially impertant timesaver when dealing with a plant having such a long generation
cycle and as much gemetic variability as does jojoba. The same can be eaid of site selection. We
can establish from field studies the parameters of the plant's soll, water, temperature and light
requirements, and the interplay of compensating factors.

1 have alluded to only the broad categories: the blology and ecology of jojobaw=and their
interactions. Under these we could list disciplinary sub-categories and many problem areas or

questions on which field study could be expected to shed considerable light., A few examples will have
to suffice:

1. Why within irs natural range is jojoba completely absent from areas which appear to be
ideally suited to Lt? Can the causal factor(s) be manipulzted by man?

2. What combinations of characters appear to be linked in inheritance? Population samples
(mass collectioms) takem durlng fleld studies and subjected to character sssocliation studies
in the laboratory can provide clues to guide subsequent breeding and selection work.

3. According to reports, Arizona populations tend to be characterized hy a sex ratio of 4§ or
5:l1 ir favor of male plants and by female plants that flower at aiternate nodes while
California populations tend to be characterized by a sex ratio approaching 1:1 and by
female plants that flower at every node, 1s pollen production per pla it comparable between
the two areas? What about pellen viability? If the disparity in sex ratlos is real and is
due to differential survival, what physiological differences are there between male and
female planta in Arizoma? (Presumably they are subjected to the same envirovmental streases.)

Answers to these questions could have an fmportant bearing on the choice of pollinators for
comnercial plantings.

4, From analytical data reported by Gentry (1958), there appears to be at least 2 tendency for
large seed to have a higher percentage of oil than smaller seed, Seed size appears to be
genetically determined but subject to some degree of envirocnmental influence, A large
mumber of seed samples collected at full maturity from throughout the range of jojoba and
analyzed for oil content would probably provide a definitive answer on the importance of
seed afze to ¢il yleld and give us a headstart on a selection and breeding project.

5. It 48 not inconceivable that careful Ffield study would suggest approaches to control of
jojoba pesta. Does the female microlepidopteron (moth) whose larvae destroy the young ovules
of jojoba show preferences for ovipositioning sites? Are glabrous buds selected over
pubsecent? When does egg-laying begin and end? Could delaying irrigation and hence delaying
opring growth and flower bud appearance, throw the moth and plant cut of synchronisation?

Imaginative field researchers will come up with many times this number of questions for which
ansvers or partial snswers can be sought smong the wild-growing jo)oba.

I would judge that three, 3-man teams could essentially complete the field studies in two
years==gpending March to October in the field collecting materiale and data and Occobsr to March in
the laboratory analyzing them and comparing notes among tesms.

The temptation will be to give less emphasis to fleld study in favor of epending more regources
on experimental work under controlled cemditions. 1In wy opinion this would be wnwise. One problem
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that has been common to all new erop projects we have undertaken is that of having too narrow a base
of germ plasm with which to work. (Thia is even true of many of our long established crops.) It
either results in a good deal of wasted effort in crop development work because it was based on
inferior material or, even worse, abandomment of a crop prospect without having given it z fair trial,

11, Laboratory, Greenhouse, Experimental Garden Studies

Under this heading T am including the whole gemut of problems, and the disciplines invelved in
their solution, relating to the successful culture of the jojoba plant and the harvesting of its fruit,
What are the best ways of handling jojoba from seed to seed?

It is this sector of the program that should, I think, have a sizable complement of trainees,
The research should be carried on at a university andfor an experiment station within or proximate to
the potential jojoba production areas. Every opportunity should be taken for capturing the interests
and energles of graduate students in the plant sclences, entomology, soll sclence, etc., through

providing guidance, materials amd, where needed, financial support on thesis problems that can help
f£i1l gaps in the program.

Under laboratory studiss I would include, in addition to the usual investigatioma of the soil
scientist, the hydrologist, the plant physiologist, the engineer, and the data analysis work of the
field study teams, horticulturists, plant breeders, etc,, research in anatomy and developmental

morphology. The latter might well include tisgue culture studies to determine the feasibility of this
route to propagation of superior clones,

Greenliouse studies are here intended to include investigations under controlled environments as
provided by growth chambers or phytotrons as well ac the more routine lines of greenhouse work,
Leads, ideas, impressionms garnered from studying natural populations in the field can be checked out
under manipulated environments, What are the factors that bring on leaf drop in some populations as
fruit maturity approaches? What are the soil temperaturese-moisture and air temperature relationships
that favor establishment in the fleld of greenhouse= or nursery=grown stock? Many other questions
could be programmed for answers from controlled enviromment studies.

Experimental gardens should be carefully located so that in total they encompass as many as

possible of rhe types of sites to which jojoba cam be expected to be adapted. Obvicusly some of these
should be situated where rthe benefits of natural runoff can be evaluated,

Long~tenn clonal repositories should be established to insure future availability of documented
genetlc material. Spatially isolated breeding nurseries will need to be established to avoid
interference from wild pollen. It would be desirable to have some allemale plantings for evaluation
of pollinator stock and to provide a documented source of pollen for breeding £ud selection work.

These plans suggest an optimism that jojoba will aucceed, Whether it eventually does or not, we
must in the beginning assume that it will and provide for continued integrity of a wealth of documented
genetic raw material. To do otherwise would be assuring the nonsuccess of the crop,

111. Processing and End-llse Research

The pattern is well established that as a new industrial raw material gets into the hands of
more and more chemists and product engineers more and more uses will be found for it. Jojoba will need
everything going for it that it can get, Obviocusly the economic picture for the crop ia materially
affected by the value of its products and by the size and stability of the market for them. For these
reasons this third "prong" of the program should be launched concurrently with the other two,

A one-shot evaluation of jojoba oil=~say a8 a substitute in aome of the uses for which sperm
whale oil was employed==is an inconclusive as a limited attempt to grow the plant. Yet it may, 1if
results are not encouraging, kill or weaken the intercst and support of potential users while the real
trouble may have been the processor or the formulator because he was working with s material with which
he was unfamiliar., Only a long-term utilization effort, supported by asdequate supplies of seed for oil

extraction, will bring jojoba oil before enough screening tests to permit an intelligent evaluation of
its potential in the market place,

Utilization research must also include the seed cake and fruit tulls. {Machaniecal harvesting
may bring these ipto the picture,) What uses can be made of these and what do they countribute to the
economics of production? It is already known that the leaves and twigs of jojoba contain a compound
that has confirmed anticancer activity, This compound is known te occur in other plants also, but
should jojoba become a plantation crop, and good management dictate considerable pruning, it could be
the most cconomical scurce of the compound and this by=-product would help pay-the-way for the crop.
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I have not costed-out the program I have described, Adequately staffed and funded, I would guess.
that an annual budget of threeefourths of a million doliars would be needed, But in 10 years' time
we would know definictely one way or the other whether or not we had the mekings of a viable new crop.
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MEEDS FOR HORTICULTURAL RESEARCH OR PROPACATION, CULTIURE AND BREEDING OF JOJOBA
AL,E., Thompson

Department of Horticulture and Landscape Architecture
Vaiversity of Arizona
Tuceon, Arizona

1 was very pleased to hear Dr. Quentin Jones' presentation, He did an excellent job of cutlining
the type of program necessary if injcha 18 to become a crop of economic significance. We believe

that we have the capabilities here at the Arizona Agricultural Experiment Station to effectively tackle
some of the important aspects of the problem.

Considerable herticultural research will be needed since to date only eporadic attempts have been
made to grow the plant under some form of cultivation; mostly with a matked lack of success, Relatively
iittle is known regardipg the cultural requirements of jojoba other than rather gemersl information as
to its ecalogical range.

The proposed research to be conducted by the Horticulture Department of the University of Arizona,
Tucson, is under three general areas: breeding and genetics, asexual and sexual propagation and plant
establishment, and methods of culture. These three areas are not mutually exclusive and in fact are
rather interdependent, The successful culture of jojoba will depend upon an interdisciplinary program
of research involving Horticulturiets as well as research specialists of the Arizoma Agricultural
Experiment Station in the Department of Soils, Water and Engineering, Agronomy and Plamt Genetics,
Watershed Management, Entomology, Plant Pathology and Agricultural Econemics, Close cooperation with
the research efforts at the University of California at Riverside will also be needed and sought.

PLANT BREEDING ANMD GERETICS

Jojoba is a dicecicus species. This factor ¢creates mumercus problems in the improvement of the
species by breeding and selection as well as 1its culture, However, it also opens up certain
possibilities that mdght be exploited. Being dicecious enforces cross pollination, and one cam safely
infer that considerable genetic variability must exist in the unselected populations throughout
its natural range. Gentry (1958) and others have cited evidence for useful varisbility that most
probably has a gemetic basis, and should be amenable to selection.

The breeding program would comsist of the following essential elements.

1. Evaluation of variability in naturally occurring populations of jojoba for plant characteristics
of possible interest from a breeding standpoint., Such characters would include plant type and
vigor, adaptabllity of plant to mechanical harvesting, salt tolerance, drought tolerance,
flowering habit to determine the existence and utility of intersexual or monoecious flowering
types, position of flowers and seeds either at alternate nodes, every node, fascicled or
racemose, varigtion in size and mumber of seeds per capsule, and number of seeds per plant or
total yield per plant.

2. Selection of promising plant types in the fieild.

3. Site selection and estzblishment of experimental plantings to evaluate selections. Possible
aites would include the Campbell Avenue Farm and Page Ranch at Tucson, the Yuma and Mesa
Branch Experiment Stations, Sells om the Papago reservation, and possibly at the Boyce Thowmpson
Arboretum at Superior, Usage and evaluation of asexually propagated clones at each lLocation
should yleld considerable information,

4. Evaluation of the potential of selections uging laboratory techniques as a means of minimizing
the length of the breeding cycle,

a, Biochemical measurement of cellular energy production (mitochondrial activity) including

measurement of combining ability of different plant types for a crossing ard subsequent
eelection program,

b. Adaptation and utilizatiom of physiological tests developed for other crops to select for
drought and salt tolerance, and tolerance of temperature extremes.

¢, Use of biochemical methods such as protein electrophoresis to separate staminate from
pistillate plants and possible identification of intersexual types without the necessity
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of waiting until plants are mature and flowering. Usage of cytological techniques and
possible differences in the anatomy and morphology of seedling and mature plants for
the same purpose should be explored.

d. Laboratory analyeis of the oil and protein quality and quantity of seeds, The posaible
usage of nondestructive NMR (nuclear magnetic resonance) techniques for measurement of
oil contant of single seeds as a tool in selection should be explored, These characters
woeuld be expected to wary depending upon the genotype of the plant and the environment
under which it will be growm,

5. Evaluation of disease and insect Teaistance of jojoba as grown uader irrigated cultural
conditions,

6. Logical and efficient usage of laboratery data by a competent plant breeder 1s an essential
step in this project. Information will be utilized to design and test appropriate and
efficient breeding and selection methods, These might include aibmating, mass selection,
some form of recurrent selection, topcross and polycross progeny testinmg and possible
development of synthetic varietles, and usage of Fy hybrid eeed production, Appropriate
plantings will be necessary under various environmeats to adequately test the efficacy of
these breeding wethods and the performance of progeny for second cycle selection and
commercial production.

ASEXUAL AND SEXUAL PROPAGATION AND PLANT ESTABLISHMENT

Stem Cuttings

Some form of asexmal propagation undoubtedly will be of value in the rapid propagation of
promising selections as well as a method of providing planting stock for commercial preduction. Some
preliminary work has been done by the Horticulture Department indicating that jojoba can be propagated
with relative ease by using softwood stem cuttings. Use of stem cuttings fov propagation may alter
the root structure of the plants by changing the predominance of the taproot to ome with a lateral
spreading habic, This change in rooting behaviot may present a serious obstacle in establishing plants
under rain-fed conditions by limiting the root system to the upper strata of the soil which may be
lower in soil moisture and cubject to extreme moisture fluctuations. The lateral type of root ayatem
may be advancageous uader irrigated eulture and may make wore efficient usage of moisture and

fertilizer., Some method of root pruning may be used to modify the roocing habit of stem cuttings to
recstablish n dominant taproot 1if such is neceassary.

Plant Production by Use of Seeds

Eificient methods of produsing vigorous seedling plants must be developed, eapecially if
maintenance of the taproot characteristic of the plant is important., This would involve experi-
mentation on growing media, types of containers, water snd nutritional regime, and posaible usage of
growth regulators to stimulate seedling growth, Field seeding in place should be compared with nursery
production of seedlings with or without use of coantainers and transplanting into the production fields.
Comparison of bareroot plantings vs., container grown plants should alse be made.

Iype of Container for Transplants

Transplanting most probably will be employed in any system of multiplication and propagation of
jojaba. A comparison of shallow vs. deep type containers, and thelr relatioenship to plant adaptability
under natural rainfall and irrigation,will need to be investigated. Frequently plants with a taproot
will develop a whorled root system at the tip as a result of growing in a container, New root growth
and root regencration on plants with a knetted or whorled root is frequently inhibited after trans-
planting, This generally results in poor establishment and less than adequate growth of the plants.

Means of controlling thia problem and the effect of plont establishwent under arid and irrigated
conditions will! need investigation,

Conditioning FPlants for Traneplanting

It is anticipated that plants grown for transplanting will need to be conditioned before removal
to the field. "Hardening" plants prior to transplanting can be accomplished by several means such as
vestricting or withholding mofsture, restricting nutrient supply, expoaure to direct sunlight, and
exposure to cool temperatures. Ressarch 1s needed to compare hardened and nonhardened jojoba planta

under arid and irrigated comditions for rate of aurvival and to determine the most efficient method of
hardening the plants,




Plancing and Establishment of Plants ia the Field

Methods of planting will vary depending upon the availability of water for irrigatiom, soil type,
terrain, and locatiom of the planting site. The use of various types of mulches including paper sand
plastic should be tested for their efficacy in conserving molsture, weed contrel, and asslstance in
establishment of tramsplants and seedlings. The usage of the new hydruphylic polymer--hydrogel, which
can hold up to 25 times its weight in water, should be tested to determine if it can assist in the
establishment of plants under arid conditions, Greenhouse experiments have indicated that the material
can be mixed with soil or sand and is effective in providing a water reservoir for plants, The
hydrogel reduces less of water through drainage to strata below the roots and through evaporation from
the soll surface.

HETHODS OF CULTURE
Soils and Water Studies

Jojoba appears to have some specificity with regard to soil type., Most observations indicate that
jojoba plants are usually restricted to well drained and aerated, cosrse desert soils, and coarse
mixtures of gravels and clays. According to Gentry, jojoba seolls are generally ueutral to alkaline,
have an abundance of phosphorus and are subject to annual drylng. Plants are generally lacking upon
bottemland soils of clay and silt throughout their range which may indicate the sensitivity to higher
soil molsture levels and reduced soil aeration, and cooler soil and air temperatures during the winter
months, It is clearly apparent that one of the most important areas of research to be conducted
initially is a study of the so0il and nutritional requirements of the jojoba plant, An equally important
congideration is the salt toleramce of the plants. Genetic variability may well exist for this character.
Water requirements of the plant and effects of water quality must also be invesiipated in conjunction
with research on soil and fertility requirements.

Methods of Irrigation

Research on methods of applying irrigation water must be conducted in cooperation with other soil
and water studies, 1In certain areas, due to lack of available water for irrigation, production may need
to be conducted under rain-fed conditions, Plant survival, growth and yleld under natural rainfall
should be compared with plots receiving supplemental moisture during periods of extreme water stress,
These in turn should be compared  ith conventiomal border or furrow irrigation, sprinklers, and the
various forms of trickle or drip irvrigation. Special emphasis should be placed on methods of minimizing
water usage and on techniques of water harvesting and conservation, The effects of irrigation and soil
moisture on the yleld of oil on a per plant basis as well as on an area basis will need investigation.

Plant Populations, Planting Arrangewents and Distances

Research is needed to determine optimum plant population within a given area. Population can be
varied by various planting arrangements and distances., The plant population or carrying capacity of a
given site, undoubtedly, will vary depending upon soil type, topography, elevation and availability of
water for irrigation. Since jojoba is dicecious, another consideration is the ratio of pistillate

to staminate plants im the population and thelr distribution to facilitate optimum pollinacion and
maximum production.

Pruning Procedures

Information i3 needed in regard to the response of jojoba to pruning practices, Various pruning
practices will need to be employed at different stages of growth and at different times of the year
to determine the relationship to mut producticn and vegetative growwn. Mechanical pruning vs. hand
pruning, severity of pruning and recovery of plants, longevity of plants pruned compared to those
unpruneéd will need observation amd study, Methods of pruning to facllitate both hand and mechanical
harvesting will need to be investigared,

Mechanical Harvesting

Congideration will need to be given to ways and means of mechanically harvesting the mature nuts,
Some existing equipment such as the raspberry fruit harvester may be applicable., Catehing frames or
vacuum pickups may be employed advantageously in this regard., Assistance from the Agricultural

Engincers will be pneeded to develop systems that are efficient and compatibla with the necessary
methods of culture,

Pest Control

A survey of present and potentially desLructive insects and diseases on jojoba sheuld be made,
Methods of control should be sought for those problems judged to be of economic significance before they
reach the point of creating serious ecomomic loss.
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Ecunomic Information

Reliable informati{on needs to be generated on the costes of production and marketing, the market
potential and the comparative advantage of production for the crop. Due regard must be given to the
utilization and disposal of the residual seed meal as well as the expressed oil.

CONCLUSION

From this long list of research needs one might conclude that too much needs to be done in order
to initiate the culture of jojoba., I believe that a coordinated, interdisciplinary effort can achieve
enocugh useful information within a span of five to eight years to provide a firm basis for a profitable
industry based upon the culture of jojoba, Certainly much valuable information can be cbtained in less
time developing methodalogy for propagation and culture, and by utiiizing native standa of the plants
for other observations and experiments, However, it is unrealistic to expect much reliable information
on yield and production of first cycle selections of plant materfals by this time, The perennial
nature of the plant precludes the foreshorteming of this time period. The time lag from propsgation
and planting of selections to first fruiting is estimated to be from three to five years, A minimum

of another three to five years will be needed to properly evaluate and sveess the initial improvements
of the selection program,

The time frame should be viewed optimistically. The developmental peried for most new crops is
considerably longer then this. Accomplishment of this goal will require a realiastic budget of both
Scientific Man Years as well as money. The possibilities and potential of this new crop appear to be
great, We in Horticulture are very much interested in becoming more heavily involved in research with
this species 1f adequate funding is forthcoming. We are also interested in the plant for usage in
landscaping, and consider 1t tc be one of the finest of our native plants for this purpose. We have
the competence to provide the research leadership in the propagation, culture and breeding of Jojovba
in cooperation with the other needed areas of expertise. We beliaeve that such a coordinated effort
would provide a valusble new crop for the arid Southwest and would be a valuable contribution to the
economic and social improvement of the Indisn populations in the srea,
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RESEARCH NEEDS FOR NATIVE PLANIS

Edward F. Haase
Office of Arid Lands Studies
University of Arlzona
Tucson, Arizona

Native stands of jojoba are found in areas of considerable geographic, topographic, ciimatic, and
other environmental variation, The variatiom in plant hebitat is reflected in significant morphological
and physiological differences found smong the plants themselves.

The desirable goal of developing jojoba as a cultivated plant requires considerable information on
the course of its ecologlcal life history in different native habitats. Native jojoba, with its great
variability, has excellent genetic source potential for cultivated stock, but may only be of limiced
value unless the full range of plent variability is known and is available for planting experimentation.
Thus, there appears to be a great need for a comprehensive fieldeoriented research program to investigate,
montitor, and decimnent aspects of genetic and envircnmental variability in native jojoba. This resulting
information would have valusble practical application in determining the best available genetic stock
and the optimum envirommental factors for high growth and productivity in a particular location where
jojoba cultivation is proposed.

Repeated observations over a period of months or years should reveal fmportant information on
plant characteristics which could not be obtained by one-time or short-term observation. The location
of desirable genetic prototypes could save plant breeders many years by providing stock which aiready
exhibits some of the characteristice which might otherwise take years to develop, This is particularly
significant because peveral years occur between succeeding generations of jojoba plants,

The best available insight into the variability which characterizes native populations is the
excellent paper by Gentry (1958) on the natural history of jojoba, It has provided valuable background
information for this presentation. Another interesting paper which documenta varjation in the
physiological ecology of jojoba was recently published by Hikmat et al., (1972).

A thesis by Burden (1969) considered the ecology of jojoba at its lower elevational limits,
Although limited in gecgraphic scope, valuable data were presented on jojoba germination, distribution,
microclimatic habitat varlation, and plapt water stress,

Three general goals are suggested for a comprehensive fileld research program on native plants:

1. The first goal is to identifv, monitor, and document phenological (climatic) related
phenomena in jojoba throughout its distribution range, Research methods should alsc provide for the
measurement or estimation of envirommental factors which affect the regional climate, the micro-
climate, and the loczl habitat, These factors include moisture and temperature of the atmosphere, of
the plant, and of the soily latitude, elevation, topographic relief, soil physics, seil chemistry, soil

parent material, associations with other plants, or associations with insects, browaing mammals and
disease-causing organisms.

Although it may often be difficult to distinguish between genetic and environmental plant
variables in native habitats, an attempt should be made to discriminate between them, e¢.g., Gentry
(1958) pointed out that a widely ranging growth habit occurring at random in the same locality 1is
indicative of a genetic-based difference. Separating out many genetic and environmental factors may
require research in a transplant pgarden where experimental control is possible.

Information on phenological or related phenomena should include observation and measurement of
differences in growth habit, Jojoba may mature as a low bush less than 0.5 meters high ranging to =
large shrub more than 3 meters high, Short internodes, considerable branching, and frequent dieback
may occur in some plants, particularly in dry emvironments; long interncdes with little lateral
branching may occur in other plants or under more favorable moisture conditions., Perhaps tree ring
analysis would help provide insight into age/maturity/growth habit relationships.

Variation occurs in growth and development of vegetative plant parts both in time of initiation
und extent of growth, The extent of scasona’. growth may vary from year to year in a given location
and from place to place in a given year, BSpe. ific morphological growth phenomena include leaf bud
swelling, twig elongation, and leaf drop or di_back, Leaves may vary in shape, size, thickness, coler,
and pubescence. Reoot system growth would be more difficult to observe or measure,

Native jojoba is found from about 23° to 34° N latitude and ranges from sea level in Baja
California to about 5000 feet in elevation in the mountains of Arlzena. Winter precipitation pre-
dominates in California whereas it is biseasonal at the castern end of the distribuiion vange im

Arizona. Late fall, winter, and spring rains appear to be the most significant for growth and seed
production,
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Jojoba often oceurs on slopes, along waehee, on alluvial fans, and om coarse ecils in general,
Plant vigor varies with habitat as well as sex, staminate plauts often being larger with more luxuriant
foliage than pistillate plants, In a dry year such as 1971-72, plants on north-facing slopes are
generally in better vegetative condition than plants on other slopes, particularly those facing south,

A program to monitor the phenology of jojoba should emphasize flowering, fruiting, and seed
production., Variation occurs in initiation time and duration of flowering, the total flowers per
shrub, and the number of nodes producing flowers. The number of staminate plante may be nearly equal
to the number of piatillate plants in acme hebitats, but may vary to moré than 5 male plants to one
female plant in other areas,

Fruiting varies in time of imitiation and duration of both fruit development and dehiscence, in
the numbers of fruita per shrub, in oumbera of fruita per branchlet, in numbers of fruite per flower
stalk (peduncle), in length of flower scalk, and in percent of aborted fruits during development. The
capsules may vary in gize, color, and shape,

Seed variation occurs in size, shape, weight, and oil content, Seeds may alse vary in number per
capsule and number per shrub. Production of seeds 1s erratic in native jojoba and may vary from
nothing in exceptionally dry years to 6 pounds or more per bush under favorable conditicms.

Germination of native jojoba occurs only when conditions of molature, temperature, and light are
favorable and the eatablishment of a plant is a relatively rare occurrence. Careful field obeervations
and measurewends as well as controlled laboratory experiments could indicate optimum moisture, temper-
ature, light, and seed age requirements for germination of plants from different locations, Germination
experiments might alse be combined with chromosome studies.

Jojoba miy occur as essentially the only woody perennial in some areas, but it ie often found
assoclated with a variety of other perennials. Plant density may range from widely acattered plants
to dense populations of over 200 shruba per acre,

Animal utilization of native jojoba may vary with geographic location, time of year, intenaity,
plant organ affected, and animal ageat, Insects may demage twigs, ovules and seeda; rodents and birde
may gather seeds; deer or cattle may browze foliasge and fruic,

Desirable varianta in native plants of jojoba which would have useful application for certain
types of cultivated stock were delineated by Gentry (1958) and include the following: a large even=
crowned shrub; shedding of leaves before maturity for ease of picking; fruit dehiscence concentrated
over a short time period for ease of harveast; late season flowering or plants from high elevations to
avold frost damage; staminate and piatillate flowers onm the same plant to facilitate certain genetic
studies; long flower stalks to avold fruit damasge from exposure to the sun; multiple fruits per
flower stalk; large and heavy seeda; high seed oil content; many seeds per shrubj; mltiple aeeds per
capsule; and large capsules. It is intereating to note that the Desert Botanical Garden in Phoenix

has offsred §50 to the first person showing them a jojcba bush with cepsules greater than 2 inches
long.

2. The second suggested goal 1z to establish a jojoba plant material and plant information bank
with input from representative native populations throughout the jojoba distribution range. A jojoba
plant material baonk would probably beat be located near sites where jojoba cultivation projects would
utilize the material. A jojoba plant information bank would probably best be located where access to
pertinent documents is available and where appropriate facilities for information dissemination already
exist or could be readily developed.

3. The third suggested goal ig to manipulate native plants and their envircomments to enhance
jojoba seed productivity. Possible manipulations include seasonal irvreigation in arcas with ease of

access and the timely pruning of plante to increase and concentrate fruit yield or to facilitate seed
collection,

Although eultivation of jojoba undoubtedly offers the best lomge-term productivity potential, large
scale sced collection will depend on native populations for several years to come if a demand for aeed
develops. Harvesting of native jojoba populations might continue 1if it is economically feasible, even
after g significant number of cultivated areas come into production, particularly if the periodic
years of heavy frulting could be predicted ahead of tinme,
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RUNOFF FARMING FOR INCREASED JOJOBA YIELDS
C. Brent Cluff

Water Resources Research Center
University of Arizona
Tucson, Arizona

INTRODUCTION

The jojoba plant i3 found in a climatic zone with a mean annual rainfall of 4 to 18 inches, In
the lower rainfall zone it has been obsérved that the plants are limited to sites where the rainfall
is concentrated, such as by sandy arroyos or on alluvial fans at the mouth of canyons (Gentry,

1958). Gentryhas alsocobserved, in a 4.3 inch rainfall zone in the Joshua Tree National Monument, a
tremendous difference between two jojoba plants, one growing near and therefore watered by runoff from
road pavement and the other growing away from the road, dry and nearly leafless, Thus it may be con-
cluded that runoff farming techniques applled to the jojoba plant will increase the growth of the plant.

According to Gentry (1958), the low intensity, deep penetrating winter and spring rains are more
important to its survival and seed production than are the higher intensity, summer convectional rains.
As the last two years in the Southwest have indicated, in genersl there 1s more variability at a
given station in winter rain totals than there is In summer rain totals (Sellers, 1960), The chances
are greater for a dry winter than for a dry summer,

Through runoff farming techniquea it may be possible to capture the summer rainas, concentrate the
water, and give it 2 chance to penetrate to the deep rooted jojoba plants. As will be indicated, it
may be possible to also catch and store excess summer rains to be fed back to the jojoba plant during
winter and spring to maximize production of seed.

Additional research is needed to determine the full extent of the possible improvements and the
economics involved, to determine if the improvement in yields will justify the cost. 1In the remainder
of this paper, the various methods of runoff farming which may be applied to the ivjoba plant will be
discussed, '

RUNOFF FARMING ON THE NEGEV DESERT

One of the classic examples of runoff farming extends back to 1000 B.C, in the Negev Desert,
There, in a 100 millimeter annual rainfall regime without any source of additional water, the desert
was extensively cultivated and supported a thriving civilization.

An estimated 300,000 hectares of the Negev Desert was utilized at one time for runoff farming.
Israeli scientists (Evenari et al,, 1971) have reconstructed some of the ancient runoff farms and have
shown that they can work. These farms consisted of a cultivated area and a catchment basin, Each
cultivated area was situated in a relatively narrow valley bottom on loess soil 2=3 meters deep and
terraced by low stone walls. The catchment basin (20 to 30 hectares in size) was on surrounding slopes.
Some of these slopes were smoothed and cleared of rock to increase the amount of precipitation that
they would cateh., The water harvest from the catchments averaged from 150 to 200 cubic meters per
hectare per year or about 15 to 20 percent of the annual rainfall. The ratio of cultivated land to
catchment avea was 1:20 to 1:30. Thua, one hectare of cultivated land collected runoff from 20 to 30
hectares of hillajde catchment and received an average of 4,500 cubic meters or a depth of 45 centi-
meters of water, This water enabled the farmers to succeéssfully grow wheat, barley, legumes, almonds
and grapes as veported in documents of the time (Kraemer, 1958).

Three important features ‘iere present at Negev, which allowed cultivation of erops in an area
recelving only &5 centimeters of applied water, These were: (1) The relatively Jdeep loess soil which
allowed deep storage of moisture in the soil profile; (2) The low evaporation rate of the wetted soil
because of a crust which formed immediately after the soil was wetted by floods, This erust reduced
s0il water evaporation from eight to eleven millimeters per year; (3) A relatively high runoff rate
which was also a result of the tendency of the scil to crust upon being wetted, This crusting tendemcy
was enhanced by the presence of sodium with the combination of natural sodium and raindrop energy
causing the crusting which was the comtrolling factor im infiltration rate.

The Israelis have determined that the smaller the catchment area the larger the percentage of
runoff, Thus, for a 100 millimeter raimfall a 350 hectare catchment produced 2,5 millimeters of
runoff, a 10 hectare catchment produced 13 millimeters and a "microcatchment” of one tenth hectare

produced 50 millimeters, These findings indicate substantial losses in overland flow on the larger
catchments.
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Following these obeervatioms the Iaraelis planted trees, each in ite own small catchment. The
catchments are censtructed by forming an earth border in a rectangulsr pattern on slight slopes, The
borders help collect and concentrate the runoff avound the planted arcas. Construction costs for the
microcatchments iw estimated to be between five and ten dollars per bhectare, Maintenance would ba
minimal, with weed control the grestest expense. Control of weeds is vital since they would tranepire
moisture intc the atmosphere which could otherwise be used beneficially by the cultivated plant,

RUNCFF FARMING IN OTHER SEMIARID AREAS

Runoff farming has also been practiced in other aceas of the Middle East and Northern Africa
(Shannon et _gl., 1969). 1In North America there is evidence of agricultursl practicss which divert
infrequent flood flows onto the land for irrigation. The development of groundwater resources neasr
Safford, Arizona, has reduced the dependence of the agriculture on flood flows to the extant that it
cannot be classified aa runoff farming. In Maxico, im the astate of Coahuila, as wsll as in othar
states, large bottom land areas are flooded using local runoff from adjacent catchment areas, This

practice differs from that in the Negev only to the extent that the catchments are not medified to
increase runoff.

The University of Coahuila is also conducting experiments in the raising of peaches in micro-
catchments (Martinez, 1970) and in 19681969, over 200 trees were established, The smallest catchment
was 172 square meters and had a cropped to catchment area ratic of 1:7. Ratios of 1:9 and 1213 are
also being tested. These plantings were observed by the author in the f£all of 1971. In general the
peach tress appeared to bu doing quite well {n spite of the fact that the ares had encountersd one of
the lowest rainfall years on record in 1970, In additiom, the surfaces of the microcatchmmnts wers not
kept free of weeds which reduced water yield.

RUNOFF FARMING EXPERIMENTS AT THE UNIVERSITY OF ARIZ(NA

For the last three years the Departwent of Agricultural Engineering (now included in the
Department of Soils, Water and Engineering) has been conducting runoff farming experimeants at Acterbury
Experimental Watershed. A one~half acre cropped area has been established and ie watersd from pre=-

cipitation falling on a natural hillside catchment ates, Two crops of sorgum have been taised during
the paat two summer scasons on thie area,

Beginning in 1963, the Water Resources Reswarch Center in coopevation with the Dspartment of
Agricultural Chemistry and Soils (now included in the Depattwent of Soiis, Water and Enginsering) has
conducted research in developing water harvesting techniques which would reduce the costs of harvesting
and etoring precipitation runoff. Varicus treatments were tested ranging in cost from the sodfum
treated, but cttezwise natural, catchment at five to ten dollars per scre to the use of butyl rubber
at @ cost of over 510,000 per acre. The sodium treated catchment was effective when initislly trestad,
but the effects were temporary and could not be duplicated even with additional treatmant. This was
apparently caused by the sodivm induced clay migration in the 1light desert soils on which the tests
were conducted (Cluff et al., 1971),

An acre plot at Atterbury Experimental Watershed was treated by shaping with a grader, smecothing,
and compacting. The compaction was done following a natural rainstorm in the spring of 1970. 1In the
two years following this treatment over 200,000 gallons of water hava heen coliected for a catchment
efficiency of 33 percent. The treatment is still effective end it should last indefinitely providing
it is recompacted every three to four yeara, The terminal infiltratiom rate was found to be 1.8
millimeters per hour. Under theae assumptions the cost of the water on a large catchment would be
less than $.1G per 1,000 gallons. This treatment is similar to that used in Western Australis since
1948. The Australians vefer to these catchmenta as "Roaded Catchments” (Carder, 1970). More than
3,000 acres of these catcluments have been installed in Weatern Australia,

Tests at The University of Arizoma have indicated that a treatwent of sodium chloride mixed into
the surface of the soll prior Lo compaction will increase the efficiency of the compacted eerth catche
ment and will also tend to eliminate weed growth., Thie type of treatmsnt has been established on an
acte of land at Page Experimental Ranch located north of Tuceon in a i6~inch rainfall srea, The catche
ment was constructed to be multipurpose to the extent that it would be used for growing horticultural
crops ard producing water (Figure 1), The cost of this system ia approximately $100+5200 per acre and
the efficiency of the treatwent has besn approximately 50 percent, The terminal infileration rate i
<psentially zero and the total rainfall required to prime the watershod is less than five millimeters.
the exccss runoff gemerated in this scheme would be stored and pumped back en the horticultural crop
during periods of drought (Figure 1). Thess trastments could alse be combinsd with a gravel or
plastic mulch, as shown in Figure 2, in order to prevent evaporation 1oss in the wettsd ares.




The efficiency of the catchment can be increased by paving with asphalt (Myera, 1967) or water
repellants such as silicones (Myers, 1969). Diesel oil has been tested by Hillel (1967) as another
ecouomic way of {ncreasing the efficiency of the smoothed compacted catchment. These treatments are
effective in soils that are stable and do not shrink or swell.

Treatments which are independent of soil type are the gravelecovered plastic or the asphalt=
plastic=chip treatment {Figure 3), The graveled plastic catchment has been under test at the
University of Arizoma since 1965, Our research results Indicate that a properly constructed graveled
plastic catchment in a rainfall regime similar to Tucson should harvest 70 percent of the total
precipitation over a 20.year period. The cost of treatment of a graveled plastic catchment depends
on the method of installaticn and the availability of gravel (Cluff, 1971). For imported gravel, a
self-propelled chip spreader wmodified to dispense both gravel and plastic would be recommended. In
areas where there is gravel in the soil profile, a gravel extracting soil sifter was constructed and
tested to install graveled plastic catchments. A properly comstructed and maintained graveled plastic
catchment should last at least 2( years, The cost of water produced from a graveled plastic catchment
in a 12 inch rajnfall zome usiog & five percent interest rate would be §.60 per thousand gallons where
gravel is imported and $.30 per thousand gallons where there is gravel in the soil profile.

Since the spring of 1971, an asphalte=plasticechip treatment has been tested at the Water Resources
Research Center. The major disadvantage in using the asphalt is that it requires expensive additional
treatment before the water can be used for domestic use, However, this would not be 2 handicap if the
treatment was used in conjunction with runoff farming, The treatment consists of spraying the smoothed
aoll with asphalt and jmmediately covering with a layer of plastic, The top of the plastic is then
sprayed with asphalt amd immediately covered with chips. Both polyethylene and polypropylene plastic
have been tested for use as reinforcement in the asphalt., The polypropylene is more compatible with
the asphalt and is more resistant to mechanical drainage than is the polyethylene, The polyethylene's
chief advantages are that it costs approximately one fifth as much as the polypropylene, and is more
teadily available, The amount of gravel required for this treatment is approximately one third that
of the graveled plastic treatment and the water yield efficiency should be greater than 90 percent
since most of the gravel chips in this instance are bonded to the plastic with asphalt, The syatem
should be easier to retreat than the graveled plastic system but firm cost estimates are not available
since this system has been umder test for only one year. However, if the asphalt-plastic-chip treat-
went lasts for 20 years, the cost per thousand gallons of water should be lesy than $1.00.

RUNOFF FARMING TECHNIQUES AS APPLIED TO THE JOJOBA PLANWT

The runcff farming technique wost easily applicable to existing jojoba plants is the microcatchment
system. In areas with favorable soil and topography, earth borders could be placed around existing
jojoba plants in such a way as to concentrate the available rumoff around the plant. Competing
vegetation and grasses could be vemoved to further enhance the growth of the plant,

The shaped runoff farming technique as indicated in Figure 1 would require a plantation of new
Jojoba plants. The oumber of plants that could be supported per acre would be dependent on the amount
of rainfall and type of treatment applied to the shaped catchment, For instance, more plants

could be supported if the catchment area were surfaced with an asphaltsplastic-chip treatment than if
the catchment were omly compacted.

DISCUSSION AND CONCLUSIQNS

Runoff farming experience in the Megev Desert indicates that three factors are important in order
for this system of farming to be successful:

1. Inexpensive method of comcentrating precipitation.
2. Good soil mistui-e holding capacity in the cropped area,
3. Some method of reducing evaporation loss from the surface of the soil in the cropped area,

In the Negev Desert, the sbove requirements can be met rather economically making the runoff facming
practical in a 100 millimeter rainfall zome,

In the natural habitat of the jojoba on the North Americen Continent some of these factors are
not présent. However, a compemsating feature 1s that rainfall in excess of 100 millimeters occurs in
most of the natural habitar of jojoba. With this higher rainfall it may be possible to compensate in
those areas with subemarginal soil moisture holding capacity by storing excess flood flows in surface
reservoirs to serve as supplemental water to be used on the plants during long periods of drought.
Evaporation loss from the surface of the s0il can be reduced by artificial means.
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The cost of water produced by water harvesting methoda may be higher than that normally used in
irrigated agriculture, but the value of the water when used as a supplemental source may justify the
expense. Queatioms, such as what 1s the value of one thousand gallons of supplemental water to a
jojoba plant, need to be answered. Jojoba is an ideal plant to use in runoff farming because it is
a native of semiarid deserts and can survive extended droughts, Using runoff farming techniques, this
plant could be grown on lands which are presently pumpeirrigated inm the Southwest and which are being
forced out of production because of rapidly declining groundwater tables. The jojoba plantation
depicted in Figure 1 would be much more esthatically pleasing then the fields of tumbleweeds that
are presently growing on abandoned farms, The potential is there, but additional research is needed
before management declsions concerning increased joioba yields with runoff farming techniques cam be
made,
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PREPARATICN OF JOJOBA FROIICTS AND THEIR POTENTTAL USES

J,J, Spadaro and M.G, Lambou
Southern Regional Research Laboratory
Agricultural Research Service
U.5. Department of Agriculture
New Orleana, Loulsiana

INTRODUCTION

You are already aware of the background for this work so my presentatiom will be confined to the
research contributions of the Southern Marketing and Nutritiom Research Division of USDA in New Orleans.

Besearch on jojoba seed was undertaken st the Southern Division during the latter part of the
1950's. Results of this research were published in 8 techmical articles, One of the first things
SMN did was to survey the research potential of jojoba seed and its products. Based on the literature
search, a decislon was made to investigate processing methods to produce various jojoba products and
to evaluate the potential uses of these products.

Under processing I will discuss subjects such as extraction of the liquid wax, & scdium reduction
methed for the preparation of alcchols, and touch on hydrogenation, epoxidation and polymerization, 1iIn
most of our work, we applied processing methods and chemical reactlons normally used for processing

edible oilseeda that contain a glyceride oil and not a wax. We have had many years of experience with
oilaceds.,

PROCESSING AND PRODUCTS

The jojoba seed used was obtained from the Boyce Thompson Arboretum, Superior, Arizona, Seeds
were stored at 35° F. until used. The seed contained 4.2% molsture, 2,5% nitrogen and 44% liquid wax.

Mechanical Extraction

One hundred thirty pounds of seed were prepared for mechanical extraction {(cold hydraulic
pressing) by heating to 100° F. for 20 minutes, cracking into & to 10 pleces by passing the seed
through corrugated rolls spaced 0.050 inches apart, and then flaking the cracked meats through smooth
rolls set at (.0l8-inch clearance, The flakes produced had an average thickness of 0.025 inches. For
the pressing operation, flaked meats were charged to a six~stack, pilot=plant model hydraulic press
and pressed for 50 mimutes at 4400 pounds ram pressure. The liquid wax was then filtered and about 40
pounds of 1iquid wax were recovered from 130 pounds of seed,

Figures 1 and 2 show the hydraulic oll-mill press used in this work, the characteristics of the
flakes prior to pressing, and the characteristics of the resulting press cake,

The liquid wax had an iodine value of 84, free fatty acids of 0.15%, saponlfication No. of 94
and specific gravity of 0.8638. This product was used as the control since it was believed thar this
method of extraction would have the least undesirsble effects on the liquid wax product, It wes
recognized that cold-pressing was inefficient in that residual liquid wax was about 11%.

Solvent-Extraction

Six solvents were evaluated on a laboratory scale for extraction of the liquid wax: carbon
tetrachloride, benzeme, isopropyl alcohol, heptane, hexsne and tetrachloroethylene. Results of only
three of these, those that appear to have the most potential, will be reported,

Seed were equilibrated to room temperature in a sealed container (after removal from celd astorage),
cracked by passing through two-high corrugated rolls (0,040 inch clearance between rolls, rate 250
pounds/hour) and then flaked by passing the cracked meats through a pair of smooth rolls (0.004 inch
clearsnce between rolls, rate 150 pounds/hour), Extraction of the flakes was accomplished in Soxhlet
extractors under conditioms outlined in Figure 3, A total of 20 to 24 solvent passes was used.
Extraction temperatures ranged from 65° C, for hexame to 84° C. for isopropyl alcohol and 86° C, for
heptane, Meals were desolventized in air at ambient temperature for 72 hours. Miscellae {solvent plus
liquid wax) were desolventized under vacuum at 36 millimeters marcury for 2 hours. Temperatures were

mostly under 110° C. using (water=pumped) nitrogen as the sparging agent, Thereafter, stripped liquid
was was dried in a vacuum oven at 105° {. for 2 hours,

Wax characteristice of the extracts compared to the cold-pressed extract are cutlined in Figure 4.
All solvents listed seemed to be adequate although each extracted a small quantity of a white crystalline
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precipitate vhich appeared on desolventization, Howsver, the pracipitate had no apparent affect upon
the melting point or hardness of the resulting hydrogenated wax,

Isopropyl alcohel extracted a considerable quantity of sugars which wars removed as formed to
prevent the wax product from becoming brown-colorsd by cersmelization. Based on this etudy, heptans
and hexans appear to be satiafactory solvants for sxtracting wax from jojoba seed, Isopropyl alcohol
wad not recommanded because of the additional handling requiced,

Pilot plant extractions were then carried out applying the filtration=extraction procedure
developed at the Southern Division for oilseeds, Hexane and heptane were used, Equipment used ineluded
Allis=Chalmers pilot=plant single=-pass cracking and flaking rolls, a benchescale cooker, and & bench-
scale filtration=extraction unit, With these units, conditions similar to those used in commercial
plants can be studied with relatively small gquantitieas of material, The cooker, shown in Figure 5, was
designed to make possible accurate maintenence of desired cooking temparatures and to permit quantitative
addition and recovery of all materials,

Faltcation-Extraction

Seed was flaked to a thickness of 0,004 inches, cooked, crisped in open trays for about 20 minutes,
stirred with solvent, and filtrationeextracted. For the cocking operation the flekes were heated to
180° F., sprayed with 10=15% water in a two-mimute period, and the temperature then increased to and
maintained at 210=220° F. for 30 minutes. Molsture content of the flakes was kept constant by refluxing
for the first 15 minutes, then reduced gradually to a predetermined level during the last 15 minutes,
The cooked flakes were made crisp by evaporative cooling at ambient temperature. This decrsapea by
1=2% the moisture content of the cocked flakes. To evaluate filtrationeextraction characteristice of
the cooked flakes, & bench-ecale aspparastus such as shown in Figure & was used, The prepared, cooked
flakes were slurried in hexane at 120° F or in heptane at 140° F. and filtration-extracted, Mass
velocities were above 4500 pounds/hour/aquare foot vesulting in extraction efficiencies of 98.0%. When
optimum seed preparation and extraction conditions are used both hexane and heptane are suitable solvents
for commerclal extraction of jojoba. Hexane, however, is preferred becausa it is readily available,
lower in cost and has &8 lower boiling point which nakes it ecasier to remove from the products.

Filtrationeextraction data are outlined {n Figure 7. Note that the high extraction efficiency did
not vary with the decrease in mass velucity.

The next two figures (B and 9) show the effects of moileture and extraction temperaturz on
extraction efficiency and mass velocity.

Liquid Wax

As you have already heard, approximately 50% of the seed is e 1iquid wax which his many potential
uses. 1t con be extracted in a vemarkably pure state, Some potential uses are ocutlined in Figure 10,
This wax can be used as a replacement for imported vegetable waxes and sperm whale oil., A recent

anonymous press reélease reported Russian reseearchers had determined that joloba oil is nonfatiening
when used as a salad oil,

The earliest article (Celavijerc 1789) ascribed remarkable medicinal properties to the seeds and
their liquid wax. Research doue in more recent times in South America claims thet the liguid wex hae
saome value in treatment of the tubercle bacillus and a U.S, patent was lssued for ita use as a
stabilizer for penicillin (Hinde, 1949; Kester, 1949; Mirov, 1952), One man told me yesterday that

he has eaten the roasted seeds. The use of liquid wax for cooking and medicinal purposes has also been
reported,

The natural wax can alsc be converted into plasticizers and lubricants. The wax may be used as
a lubricant for high speed machinery and equipment operating at high temperatures and pressures and as
cutting and grinding olils., If approved by FDA, the liquid wax or its products would likely soive many
lubrication problems in food industries because the wax reaists oxidation even ot elevated temperatures,

A high dielectric constant may make this liquid wax suitsble for uee as a transformer oil, Other

possitilicies include wse as an ingredient in manufacture of carbon paper, stencils, pharmaceuticals
and cosmetics,

Heal

Meal remaining after extraction of the wax is reported to contain 30-35% protein and could be
used ag feed for livemtock. This idea is supported by cbaervations of deer and other wildlife

indigencus to the growing region feeding on the jojoba plant and fts muts and lends credence to use
of the liquid wax ss & salad oil for humans,
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Conversion of Wax to Alcchols

The sodium reduction method has been used commercially to produce high yields of alcohols from
glycerol esters. The Southern Divigion undertook epplication of this method for the preparation of
long chain unsaturated alcchols from jejoba, eveln though no glycerol esters are present in this seed,
Sodium reduction was conducted on both a laboratory and pilot-plant scale. Stainleas steel pllot=
plant reduction and hydrolysis unite are shown in Figure 11, The top jacketed, reduction vessel with
a capacity of 15 gallouns is equipped with an auxiliary stainless-steel stopper which fitas flush to the
bottom outlet to prevent unreacted métallic sodium from settling in the drain line, The 20-gellon
hydrolysis unit i{s equipped with a condenser and steam-sparging tube for heating water used in the
hydrolysis step.

One mole of moisture-free jojoba liquid wax and two molee of a reducing alcohol, methyl isobutyl
carbinol, were reacted with & atoms of sodium diapersed in toluene, an inert mediwm. Reduction and
hydrolysis take place as showm in the following equations:

RBO(I!IizR' + &4Na + 2R"(l-l_“?

RCH,Na + R'CH,0Na + 2 R"ONa ——lo)
ROH,OH + R'CH,0H + 28K + 2NaoH

The hot reaction mixture from the reduction unit was transferred slowly to the steam-heated water in
the hydrolysis unit giving rise to an emulsion of longechain alcohols, water, toluene and sodium
hydroxide, Addition time was approximately 40 winutes. Hydrolysis was continued for am additional

45 minutes, The emulsion was washed with distilled water three times, breaking the emulsion and
removing most of the sodium hydroxide. Additional reducing alcohol was added to change the existing
ratio of alcohol to toluene. The mixture was then heated to 100° C. and the aqueous layer was drawm
off. Long-chain jojoba alechols were recovered, without affecting the ethylenic bonds from the alcohol
layer by distillation (bolling range 155-161° C, at 1 millimeter absolute pressure).

Figure 12 shows the infrared spectrum of the product alcchols from jojoba oil by sodium reduction
compared with the spectrum of a2 pure sample of erucyl alecochol (l3=docoseneel=0OL), The two spectra are
essentially identical, confirming that the products from sodium veducticn are highly purified longe
chain unsaturated alcohols, Ylelds of about 91% were obtained in lab=scale experiments and 82-86% for
pilot-plant experiments. Unsaponifisbles were as high as 98%; free fattyacids were low, ranging from
0,03 to 0,077 and the products were essentially free of soaps.

Hydrogenation

You will remember, I reported a little earlier that all six solvents extracted a small quantity
of a white crystalline precipitate, Each of the six products were divided into two portions, one of
the clear upper portion and the other containing the precipitate was further divided into two porticns,
one of whieh was freed of precipitate., All were hydrogenated except that fraction containing the

precipitate extracted by isopropyl alcohol. No significant differences were noted in the characteristics
of the resulting hard waxes as shown in the following table.

Melting 1/ '

Points, °C, Hardnese= LY,
Clear fractions 65-68 90 0.26-0.4631
Precipitate~comtaining fractions
With ppt, 64=-67 850=590 1
Freed of ppt, by acld=washing 65-66 90 0.8
Cold=hydraulic pressed wax 66=67 G2 0.6

A/ Mcasured by the trionic gauge.
2/ Extracted with hexane, heptane and carbon tetvachleride,

All the products were hard white crystalline waxes and had iodine numbers less than 1, melting pointe
ranging between 65-68° C., and hardnese valucs of 90 on the trionic gauge.
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and docosenol) may be used alone or me intermediates in preparing dibasic acide, longechain ethers,

hydroxyethars, esters and sulfated products, ss bases for creams and ointwents, and in lubricants,
emulaifiers, antifoemers and other products,

while this talk presents a highly condensed version of the information contributed by the
Southern Marketing and Nutrition Research Diviaion, I feel certain it indicates that conasideration
should be given to additional organized study and evaluation in depth of the products that can ba made
from jojoha nuts,
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FIGURE 2

Chciucierislic_s of Meals and Flakes

Nitrogen
H,0, Nitrogen, Solubility, Lipides,
Sample % % %
| Experiment 1
Flaked nuts 7.2 2.41 46.2
Press cake 9.1 4 11 12.0
Experiment 2
Flaked nuts 3.7 2.47 87.5 44 .0
Press cake 6.3 4.09 94.5 11.3
FIGURE 3
Extraction and Desolventization Conditions
Extraction Desolventization %
Temp. Passes Ttemp. Pressure  Wax
Solvent °C No. °C mm Hg.
Hexane 65 20 97 4 48.8
Heptane 86 21 105 6 48.1
Isopropyl _
Alcohol 84 24 99

3 36.1

53




FIGURE 4
Wax Characteristics

Index of Unsaponi-
Refraction Density P, fiables 0il
Solvent §25/D {20°C) 1.¥. % % Color
Hexane 1.46642 0.8631 83.3 0.001 49.8 Bright
Yellow
Heptane 1.46649 ¢.8641 83.2 0.006 50.2 Dull
Yellow
isopropyl
Alcohol 1.86676 0.8649 B4.3 0.000 49.9 Dull
Yellow
Cold- -
Pressed 1.46440 0.8646 83.2 -- 50.3 Bright
Yellow
FIGURE 5




FIGURE 6

o]

TO VACUUM
SOURCE

Benchegcale test unit for filtration-extraction.
FIGURE 7

Filtration-Extraction Data.a Extraction Solvent--Hexane

Raw flake thickness, inches 0.004
Experiment No. 1 2 3
Maximum moisture during cooking, % 10.0 15.0 15.0
Moisture of flakes to extractor, % 6.7 6.2 6.8
Extracting temperature, °F 120 120 120
Mass velocity, 1bs./hr./sq.ft.] 6,170 4,520 2,710°

Extracted meal (solvent-free)

Moisture, ¢ 5.6 5.8 5.8
Residual lipids, % 1.78 1.96 1.58
Extraction efficiency, % 98.0 98.0 98.3
3 Test conditions: material wt., 450 g.; solvents-to-meats
ratio, 1.5 to 1; slurrying time, 30 min.; washes, three;
cake thickness, 2 in.; and filter screen, 60 mesh.
b

Mass velocity reduced by reducing vacuum.
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FIGYRE 8
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FIGURE 10

JOJOBIA NUT

ME|AL WAX
LIVESTOCK

FEED

ACIDS ALCOHOLS REPLACEMENT FOR IMPORTED

I I VEGETABLE WAXES, SPERM

DETERGENTS  CREAMS & WHALE OIL
COATINGS EMULSIFIERS  SECONDARY PLASTICIZER
EMULSIFIERS  LUBRICANTS LUBRICANTS
FIBERS PLASTICIZERS

LUBRICANTS RESINS
PLASTICIZERS SURFACTANTS

* RESINS WAXES

FIGURE L1
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tilot plant sedivm reduetion and hvdeolysis units,
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FI1CURE 12
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FIGURE 13

The over-all formulation used was:

Resin (Vinylite VYDR)®...iiie 63.5
Plasticizer or plasticizer-stabilizer

combination ............... eeeeeneneaerenenns Ceeeeeeeaeaes 35.0Y
Stearie acid ... R eenesnererenaaranaes INURURRRRRI | 1+ 1972
Basie lead carbonate....... ereeenans cervreeerreeeorensennns 1.0%
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FIGURE 14
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FIGURE 15

Propertier of Vinyl Copolymer (VYDR) Plasticized with Jojoba Esters

. t'timate Hard-
Tensile g 100%
Plasticizer strength, | 1278 | Afoduius.) M€SS.
> tion, : shore A
p.&.1, % P& 10 see,

Malvinatd acetylated jojoba aleohols

Methyl esters + DO (50-50)...c.c0v0evs 160 150 1990 47
Hydrogenated maleinated acetylated

10 ola aleohols

Methyl esters + DOP {50-30).....cccviunee 3120 340 1880 47
Maleinated jojoba oil

Methyl 081eTS. e vecevcricvrrevn v s rnenens 2290 28} 1910 48

Methyl esters 4+ DOP (50-50).............. 3190 360 1750 42

Butyl esters + DOP (50-50)................] 3070 360 1830 47
Maleinated jojoba acids

Methy] estors. e 2810 280 1560 40

Buty] esters.......ociveieisiiimriinnonncrrerinren, 2460 210 1720 46

Butyl esters + DOP (50-50)......c.........] 3090 360 1610 44
Hydroagenated maleinated

Jiobia seids

Methyl @Sters...cveinireriirermrricrrerrsniii 2810 290 1670 41

Butyl esters + DOP (50-50).......ceocenen 3050 360 1630 43
DO (Di-2-eihyllexyl phthalate)

CONITOL e e 2850 300 1590 42

FIGURE 1b

Nitrile rubber (Hyecar 1042-33% acrylonitrile)
ZiINC OXIAC..cuuerreeereerreeiirreeeseesseecsntereseesessesssesssssseesssnsosses
Stearic acid

Sulfur

A A ARl R L L Y N Y Y Iy

Benzothiazyl disulfide...........
SO CINET ... see e s veseseesaeeesessasessaeens

C'ure: 30 min. at 310°F.
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SAPONIFICATION AND GAS CHROMATOGRAPHIC AMALYSIS OF
JOJOBA WAX ESTERS

Thomas K. Miwa

Northern Regional Research Laboratery
Agricultural Research Service
U.8. Department of Apgriculture
Peoria, Illinocis

INTRODUCTION

Seven years ago, when I first came to Tucson to learn how to make vinyl plastics under Professor
Marvel, I hadn't dreamed that I would be back here to attend a conference onm jojoba as a erop. Well,
7 years from now I hope to return to Tucson to see cultivated jojoba growing in its full splendor.

My first comtact with jojoba came about 12 years ago when I was assigned the task of converting
high-erucic vegetable oils intc some useful industrial product. At that time, jojoba was assigned to
the Southern Regional Research Laboratory; so no research on jojoba was done at our Worthern Lsboratory,
However, becauvse of the unique nature of the oll, synthetic wax ester oils that resembled jojoba were
prepared at ocur Laboratory from the high-erucic seed oille. After the jojoba project was discontinued
by the Southern Laboratory, 1 decided to put the finishing touches to some of the analyses that I had
started on jojoba and its synthetic substitutes, Two years ago, the chemical analysis of joioba oil
was reported at the Chicago Meeting of the American 0il Chemists' Society. The compositions of
jojoba acids and alcohols determined by newer methods were different enough frem the earlier compositiona
reported by McKinney and Jamieson (1936) to warrant an updating of jojoba's compositicn. Furthermore,
no report had ever been made ¢n the composition of the unsaponified oil, The main portion of my
presentation today will be on techniques of saponification of the oil and the gas chromatographic
analyses of jojoba wax esters. The presentation is being expanded from the original plan of 15 minutes
toe 45 minutes, and this will now allow time for some detailed discussions on methodology which were
not included in last year's publication. There is some little-known information on saponification of
jojoba ail that will be very helpful, especially in the prevention of emulsification and the complete
separation of acids from alecochols. In addition te saponification and gas chromatography, mention will

be made of the use of jojoba 0il as a possible therapeutic cosmetic, as reported in a research bulletin
by an industrial fism,

ALCOHOLYSIS AND SAPONIFICATION

I have always considered jojoba oil a precious uncut diamond. If one learns how to cut it, he
can surely bring cut its superb glitter and brilliance, I have also looked at it as a noble oil,
like liquid gold., It is very resistant to oxidation and rancidification, and this gquality in turn
provides the resistance to normal chemical changes that are brought upon the oil, When the oil is
subjected to conventional saponification, only a small fraction is affected, and analysis of this
fraction by gas chromatography reveals a predominance of Cjg fatty acids. Obviously, the higher molec-
ular weight wax esters are very resistant to saponification. Remembering that alcoholysis of a
triglyceride oil with an acid catalyst is wmuch easier than saponification of the oil and that saponifi-
cation of esters of simple alcohols 1s quite facile, I transesterified jojoba oil with ethanol and
hydrochloric aeid and then saponified it with ethanolic KOH. In the transesterification step, ethanol
was chogsen instead of the cheaper methancl because ethanol is relatively nontoxic, and the gas chromato-
graphic analysis of the mixture of aleohols and fatty esters is much simpler to interpret when ethyl
egters are present in place of methyl esters., The alechols and ethyl esters are separated at the
baseline even when saturation slows down the movement of the alcohols and unsaturation speeds up the
acid esters. This will be illustrated in one of the later slides,

In the first slide, the transesterification and saponification steps are outlined briefly. About
half a gram of jojoba oil is placed in a reaction tube with 10 grams of dry ethanol comtaining 5% HC1
(this is prepared by bubbling gaseous HCl into dry ethanol until a 5% increase in weight is obtained)
and 1 milliliter of dry benzene iz added to increase the solubility of the oil in ethanol, Jojoba eil
remains insoluble as suspended globules during the first 15 minuces of reflux, but in the next few
minutes it quickly goes into solution as alcohols and ethyl esters start to form. Although the re-
action appears to be finished within an hour, it is allowed to reflux for 8§ hours to ensure total
conversion to the ethyl esters and the fatty alcohols, Then ethyl ether i{s added to form a clear
homogenecus phase, Water is added slowly and without shaking until two phases are formed, The water
phase will be mostly ethanol/water with no entraimment of ethyl esters or fatty alecochols. Exceasive
shaking is avoided because the ethanol in the water may extract fatty alcohols into the aqueous pha:
The organic layer is washed free of mineral acid and ethanol and dried in a vacuum oven, The sample
is weighed and anmalyzed by gas chromatography for ethyl ester and fatty zlechol compositions and also
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WAX ESTER AMALYSIS

In the anslysis of jojoba 0il by gas chromatography, there are many little jtems that should not
be neglected in order to obtain good chromatograms. Six ditems are listed on Slide 7, of which the most
important ia the transport of emevging components from the outlet of the columm to the penaing element
of the detector. Because the boiling points of the wax esters are higher than the temperatures of
the column, transfer line, and detector, the volume of the transfer line should be minimized in order
to prevent condensation. This is normally accomplished by designing a short transfer line, by narrowing
the internai diemeter of the tubing, and by packing the colum ocutlet comnection with glass wool. The
detector temperature should be kept as high as possible, at least as high as the upper limit of the
programmed colum temperature, The flame ionization detector of our unit 1s kept at 385° C for wax
ester analysis, This will preveat any high-boiling component or volatilized liquid phase from con-
densing at the base of the detector. Such condensates move to the flame tip ae ripples and spikes, A

eritical separation performed by the column can be undone by a lack of proficiency in transporting the
emerging components to the detector,

The second important item is the depositing of the injected sample deep into the column where
the heat from the programmed oven can effectively move the components along the column, Even with on-
column injection, if the flashing temperature were not high enough or if the oil cannot be flashed
because of its high beiling point, the sample may become deposited at a region just beyond the flashing
port but still out of reach of the heat from the column oven. A flashing solvent such as toluene is
very handy for jojoba oil. If the meat oil sample were to be injected directly into the oven region,
Lypassing any imjection port, them the carrier gas must be preheated to the temperature of the oven,

Frequently, the failure of on-column injectiom procesees im traced to the lack of preheating of the
carrier gas.

The next item 1is the cleanliness of the stainless-steel tubing. Most stainless-ateel tubing is
extruded and drawn out with a lubricant of aome sort, and this has most likely been pyrolyzed or
oxidized. If not soluble in the washing solvent, the oxidized lubricant will behave as a polar liquid
phase when heated by the chromatographic oven., To clean the tubing, a plece of etring with several
knots, soaked with acetone, is pulled through the tubing back and forth. This scrubbing process will
remove the dark greasy material which had not been removed by the acetone rimse. In some cases, the
difference in chramatographic behavior between a glass column and a atainlessegteel column 1s due merely
to the difference in cleanliness of the ioner walls of the tubinge. Because of the narrowness of the
tubings, the walls account for a signiffcamt percentage of the partitioning surface area,

%hen packing the gas chromatographic columm, the stationary phase should be passed through a
sieve or visually inspected by spreading it over a sheet of paper to remove any clumps that may interfere
with the packing process. Even a properly coated commercial stationary phase can form tiny clumps by
standing on the shelf for several months.

In gas chromatography, it is important for the operator to decide upon the level of accuracy and
precision that would be necessary for his analysis, The sample size to be injected is veried so that
no overloading of the major component nor losa of the minor constituents {s seen, As in the case of
jojoba oll, high-temperature GIC usually shows a loss of a finite quantity, rather than a percentage,
of each component, If illustrated with mumbers, this would mean that a microgram of each compoment i
lost, whether one component consists of 1,000 micrograms and another only ? micrograms of the injected
sample. The loss in the first component is only one out of a thousand but for the second it iz S50%.
1f the sample size is cut to half, then the second component cannot be detected, Therefore, it would
be wise to purposely overload the runs at least once to be sure that all of the high-meolecular-weight
minor components are properly detected. For a giver sensitivity of the chromatograph, one must be sure
that the results to be reported were not influenced erromecusly by the size of the snalyzed sample.

The last item listed is the fast sweep=out of urdesirables immediately before injection of the
sample. Unlike isothermal GIC, the cooling down procesa in programmed=-temperature GLC will erap, at
the head of the column, undesirable decomposition products from the injection port septum and from the
tiquid phase within the flashing block, WUhen the oven temperature iz held at 250° ¢ or cooler for
more than 15 minutes, an appreciable amount of contaminants will collect as zones and later emerge as
peaks. These should be swept out in a fast programmed run befere injecting a sample. During a
succession of runs, the chramatograph should be left at "final hold"” while a new sample is prepared for
injection, and the sample should be fnjected as soon as the oven is stabilized at stacting temperature,

The ideal programming rate for wax esters is 2° € per minute, starting at 250° C. For the first
10 minutes, even though the temperature {s rising at 2 degrees per minute, the process is eseentially
isothermal in natyre, This is illustrated in Slide B, as a plot of retention times For three homologous
series of hydrocarbons, methyl esters, and wax ¢sters. Thie type of plot has never been reported
before, but it shows how lower molecular-veight compound: emerge immediately after injection in a
manner identical to isothermal processes; and in about 10 minutes the system is converted into a linear
prograamed elutiom process, The fivst lO minutes of the programmed plot is showm as an insert at the
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top. The plots also show that the differences in retention times between paraffins and methyl esaters,
having the same mmber of carbon atoms in their molecules, are all convertible to 1.7 methylene units.,
The differences between paraffine and wax esters are equivalent to 1,3 methylene units, The eater
1inkages help to promote intermolecular attraction and this in turn cuts dowm the movement in the
gaseous phase, because the intermolecular attraction keeps the molecules in the condensed liquid form,
Cas chromatography is a technique that depends on hew easily gaseous molecules can be produced by the
heat excitation of condensed molecules. Intermolecular attrection, and consequently coundensation, is
greater when the partisl elactronic charges in the epter linkages can find each other easily. Methyl
eaters, with their chargas dangling at the end of the molecules, have stromger intermolecular attraction
than wax asters, which have their chargea buried fn the middle of their molecules,

Slide 9 is a reproduction of a chromatogram that was vun specifically to show the relative
propotrtions of the components. The values on the peaks are the area-percentages. Prior to this run,
the perceatages of the miaor constituents were verified by injections of much larger samples. The
wide separations between pesks are not necessary unless other constituents are present. If un~
modified jojoba oil were to be analyzed, conditions maey be altered to hurry the emergence of the
components, as seen in the top half of Slide 10. Inetead of a 40-minute run, the analysis time ia
cut to 25 minutes by doubling the programming rate to 4 degrees per minute, However, if jojoba
o0il i3 modified to any degree and the relative amounts of modified and original components were to
be determined, then maximm resolution is needed, The bottom curve in Slide 10 shows hydrogenated
solid jojoba mixed with natural jojoba oll in a ratio of 3 to 2, Even under this high resolution
condition, the saturates and umsaturates are mnot completely separable,

HONRANDOMNESS IN ACID=ALCOHOL COMBINATIONS

As reported last year in the Journal of the American 011 Chemists' Soclety, jojoba oll does not
have a composition that equals the random combinration calculated from constituent fatty acids and fatty
1lcchols., Docosenol 1s predominantly bound to eicosenole acid., Slide 11 ahows the compositions in
mole=percent, as obtained by GLC, as calculated from the rand-m recombination of acide and alcochols,
and as calculated from a partially specific biosynthetic pattern. Ignoring the last column for a while,
if one were to take 75% of the Cp2 docosenol and specifically assign them to eicosenoic acid and then
tike all of the remsining fatty acids and fatty alcohols and randomly combine them, a composition as
listed in the second to the 1last column will result, The implication is that during the most active
stages of seed gil productiom, docosenol eicosencate ia biosynthesized almost exclusively., The last
columm shows how the compesitiom changes toward random combination when jojobae oil 1s boiled under
nitrogen at 420° C for several minutes. The main constituent, Cip, heas dropped from 49 mole=percent
to 39 mole-percent, which is close to the value for calculated random.

GEOGRAFHIC AND GENETIC INFLUENCES

Slide 12 shows the varisbility of jojoba oll depending on regional and phenotypical changes. The
Arizona degert sample was received about 15 years ago, and the source is Boyce Thowpson Institute, ‘The
seéeds were atored st room temperature, but the oll 1s a fresh extraction. Another sample of oil from
this same collectiom, which was extracted 12 years asgo and left in a vial at room temperature, was
chromatographed and found to have the identical composition as the freshly extracted eoil, The second
sample, labeled “Tucsom suburbs,"” was obtained 7 years ago from Professor Muramote of the University of
Arizona, The composition of oll from this sample is uearly identical to that labeled MArizona deserts,“
Professor Yermanos of University of California at Riverside provided the samples labeled "California
deserta” and “California oceanside.” The plants of the former are ideatical in growth pattern to the
Arizone plants, but the oceanside variety has been described as prostrate im growth habit snd as having
smaller leaves and seeds than the degert type, The cil composition of the degert type 13 similar to the
Arizona types, but the ocesnside sample from the different phenotype has a tendency toward higher
slecular weights,

The hydrolyzed fatty acidsreflect the same pattern, as seen in Slide 13, The cceanside sample
contains less Cig oleic acid and more €22 erucic acid than the Arizona type. The constituent fatty
alcohols again reflect the same pattern, as seen in Slide 14, Additionally, a marked increase iu .
saturated alcchols is observed for the oceanside sample. Such temdencies toward higher molecular size -
and greater saturation is normally coincident with increase in "topical” conditions, If the oceanside
phenotype {s found genstically differant from the Arizona phenotype, the information given in these
alides may provide chemotaxonomical support for establishing such varietal forms,

TUERAPEVTIC COSMETIC FOR ACME

In 1925 the Research amd Development Division of Purex Corporation, Limited, ralessed a bulletin
enritled “A Different Approach to the Treatment of Acne Vulgaris," in which it was suggested that
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jojoba oil be used as a therapeutic agent for excessive excretions from the sebaceous gland. This study
had followed earlier observations that sebum excretiom sets in rapidly when the skin'a surface ie
defatted and that the rate gradually declines and finally drops to a minimsm when the layer of sebum

fat reaches a certain thickness, Rapid excretion resumes when the fat layer is removed again. Instead
of directing all effort toward removing the self=limiting sebum layer as quickly as it forms and thereby
encouraging its unending replacement, the investigators at Purex veasoned that the purposeful application

of a fat layer chemically resembling sebum might aid in developing a critical thickness which would limit
replacement flow,

The clinical tests had been very encouraging, so the corporation contacted Dr. Gentry for
information on the supply of jojoba oil. Dr, Gentry, in turn, referred them to Dr. I.A., Wolff, who was
then at ocur Northern Laboratory, for information on possible substitution of jojoba oil with the
synthetice Limnanthes douglasii wax esters that we had patented. At that time we were not able to pro-
vide any help, and it seems that the whole program wes dropped by the corporation,

POTENTIAL WATER EVAPORATION RETARDANT

On the subject of the need for utilization research om jojoba o71l, which Dr, Jonea had pointed out
earlier, several years ago, when asked to evaluate the problem of water evaporation losses in the 17
western states, I became aware of the need for an inexpensive yet very efficient water-evaporation
retardant. The retardant must be capable of respreading itself after a windy spell had caused its
agglomeration, Saturated straight chain alcohols would need emulpification before spreading, and they
would most likely form an insoluble scum after a windy spell. If jojoba oil were to become svailable
in large quantities at a reasonable price, the simple process of acide=catalyzed intereaterification of
Jojoba oil with inexpensive ethylene glycol would yield s mixture of ethyleme glycol fatty acid esters
and fatty alcohols, both of which are surface-~active types of compounds, The unsaturation in the chain
may be an asset when considering such factors as self-spreading, blodegradability, breathability, and
toxicity to wildlife. (Arizona is fortunate to have Dr. Myers of Phoenix, who is one of the few world
authorities on water=evaporation retardants,) If this jojoba product should prove tc be effective,
rafts used for evaporation retardation would be unnecessary; and this western region might benefit,

twofold, by using an evaporation retardant produced from ite own field crop for the conservation of its
precious watet.
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SLIDE 3

Jojoba Oil Ethanclysis Products
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SLIDE 5
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SLIDE 7

Gas Chromatography of Jojoba Wax Esters
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SLIDE 9
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SLIDE 11

Nonrandomness of Jojoba Oil (Mole Percent)

Carbons | g g | Caoalated | CHETRET | BOVAS

vax ester fandom for doco-sico.; 420°C
34 0.2 0.1 0.1 0.3
36 2 2 2 i
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40 30 40 3 13
42 49 1 48 39
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SLIDE 12

~ Variability of Jojoba 0il (GLC %)

Wax i Arizona i Tucson : California | California
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C3s 2 2 2 2
Cas 1 1 ] 4
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SLIDE 13

Variability of Jojoba Acids (GLC %)
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24:1 2 2 2 3

SLIDE 14

Variability of Jojoba Alcohols (GLC %)
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An important aspect of the utilization of jojoba seed, to which we should address ourselves, is
concerned with the potentlal value of the press cake or meal as a feed for livestock. As you know,
when oils are remcved from oilseeds such as peanuts, cottonseed, soybeans, sunflower and sesame seeds,
the residual meals are sold primarily as protein feed supplements, On the asaumption the ssme zituation
would also apply to jojoba, the question to be considered 1g the suitability of jojoba meal as a feed
for livestock, Previous speakers have indicated that animals such as deer and cattle will consume the
vegetative portious of the jojoba shrub, but not clearly established is the extent to which these and

other animals will also ingest the oilabearing seeds, and if so whether any adverse effects are produced.

Judging by past experience, many of the commonly known oilseed meals have posed problems for use
as feedstuffs, Cottonseed weal, for example, contains gossypol, a yellow pigment which restricts the
use of cottonseed meal as feed for monogastric animals, The development of a glandleas varlety of
cottonseed may hopefully solve this toxiecity problem. Soybean and peanut meals contain trypsin
inhibitors which are easily inactivated by heat processing, Crambe and rapeseed meals contain
goltrogens which are difficult to eliminate in a practical manner. The meal from castor beans is
unsuitable as a feed due to the presence of a heat=labile toxic protein called ricin and a toxic alka-
loid ricinine, The meal aleo contains allergens which pose health hazards for man.

More than 10 years ago we conducted some preliminary feeding trials in which laboratory rats were
fed a meal (which wam produced at the Southern Regional Research Laboratory in New Orleans) by hexane
extraction to remove the oil from the crushed jojoba beans, Surprisingly, all rats died within 2 weeks
when offered a diet containing either 227 of the whole beans or 30% of the meal. The probable cause
of death was due to starvation, since very little of the diet was consumed. Rats also failed to
survive when fed a diet containing 15% jojoba meal. Finally, when dietary levels of the meal were
reduced to 10% or lower, there were no deaths, but growth inhibition was cobserved even when the dietary
level was reduced to 1,5%Z.

Heating the meal in an autoclave appeared to decrease somewhat the growth inhibiting effect.
Various organs and tissues from male rats fed the 10% level of jojoba meal for a period of 35 days were
preserved in formaldehyde and after staining, were examined for histopathological effects. According
to the veterinary pathologiat, three distinct leaions were recognilzed:

1. Severe testicular atrophy with cessation of spermatogenesis
2, Large cytoplasmic vacuoles in the acinar cells of the pancreas
3, TFatty infiltration of the liver

From these results it was concluded that toxic constituents were present in the jojoba meal,

One other experiment was attempted with the jojoba meal which involved successive extraction with
ether, frllowed by acetone, followed by methyl alcchol. The material extracted by each of the three
solvents as well as the residual meal were then fed to rats. A growth inhibition was cobserved in the
group of rats fed the acetone extractives, with a slipht effect being exerted on growth by the ether
eéxtractives. PBoth the methyl aleohol extractives and the residual meal, on the other hand, showed no
activity as gaged by growth, From these preliminary effects in vats, the poseibility nust be conasidered
that jojoba meal could also be toxic when fed to swine and poultry. As for sheep and cattle, however,
it is possible that the ingested meal might be detoxified in the rumen,

Concurrent with the jojoba meal feeding trials, we also investigated the effects of feeding
Jojoba oil to rats. Here again poor growth was observed when a diet containing 10% jojoba oil was fed
to male rats for a period of 90 days, Since jojoba oil ig a liquid wax rather than a glycerol ester,
the digestibility of the oil was investigated by quantitative estimation of the weight of the rat feces.
The results indicated that more than 80% of the ingested jojoba oil fed in the diet could be accounted
for in the feces, In other words, the digestibility of the oil by rats was less than 20%. This, of
course, could expiain the slower growth rate of rats fed jojoba oil. A more serious finding, however,
was a massive edema of the testes when the tissues of rats fed jojoba oll were examined microscopically,
Whether the toxic factors in the oil and in the meal are the same can only be answered by actual
chemical isolation and identification of the compounds involved.

The nutritional value of the protein in jojoba meal is another unanswered question which must be
considered in evaluating the meal as a feedstuff, Determination of the amino acid composition of the
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jojoba protein would be the inmitial approach, but the biological value of the protein when fed to
animals must also be evaluated. {me such test is knowm as the PER value (protein efficiemcy ratioc)
but this cannot be determined em the jojoba meal until it is knowm to be free of toxic factors.

Also pertinent to the question of the acceptability of jojoba meal as a feed for livestock are
the requirements of the Food and Drug Administration before approval for use can be granted, The answers
to at least 3 basic questions would be anticipated, First, does the material cause any adverse effects
when fed to livestock such as cattle, swine or poultry? Second, is it safe for man to consume the meat,
milk or eggs from animals fed the meal? In other words, are any hazardous compounds transmitted into
the meat, milk or egga? Third, is a reliable method available to assay detoxified meal for assurance
of the absence of toxic factora?

In summary, attempts have been made in this brief diacourse to poiant out the need to investigate
any problems which might arise in conjunction with the utilization of jojJoba meal as a feed for livee
stock. This aspect of the development of a new crop such as jojloba should be given enough priority -
so that if necessary, ample time and effort can be expended on the development of adequate and
practical detoxication processes,
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SUMMARIZING REMARKS
Koel D, Vietmeyer

National Academy of Sclences
Washington, D.C.

To suwmarize the meeting and our current knowledge, I believe:

L.

The meeting's overall spirit 1s & poaitive one, suppertive of the thesia that jojobs is

important and it has future potential,

z.

We have peen that jojoba has had a checkered history but that it has never yet failed because

of its oum inherent technical characteristics,

a.

We have seen that there are some negative features to a jojoba development program; mainly a

lack of sound basic scientific knowledge and the need for time-consuming research and development, plus
the nagging question of toxicity which is worriaome, but in wy opinion, mot at all likely to completely
jeopardize jojecba's development,

4.

We have seen that the path ahead 1s not a simple one, that it is fraught with many difficulties,

and it is clear that coordination, good will and a spirit of cooperation between all parties inmvolved in
jojoba development iz needed.

Yesterday our knowledge of jojoba's biology took a quantum leap:

Dr. Forti mentioned his plants that bear fruit in three years after transplanting (not 5 or

7 or 10 year previously a bug-a-boo in the literature), He described indications that jojoba
under irrigation may yield two crops per year.

Dr. Crosswhite set the record straight regarding Dr. Gibson and the Boyce Thompson Arboretum's
role in joicba development, Without them we might not have been here today.

We learned that jojoba contains a proven (by the National Institutes of Health) antitumor
agent and that though it 1s in small quantity it might be an economically supportive by=product,

We learned that the chemical composition of the oil produced by the upright standing plants
does not vary with location and that the composition is now known with extreme accuracy.

We lLearned that jojoba oil can be procesged and recovered using standard equipment, that enpugh
data is now avajlable to scale up to full size, and that the oil and alcohols come out very pure.

We learned that cold-hardinese is an important genetic trait that may have ecaused the dewmfall
of several previous plantings.

We learned that Dr. Forti has developed during the past 10 years in Israe” what are probably
the most productive and gemetically consistent strains in the world., I believe that future
work in this country should include extensive plantings of his stock and he has agreed to
supply material to permit this.

We now know that three criteria for a commercial crop are favorable for jojoba. The criteria
are:

1., must be productive
2. wust be vesponsive to the artificial enviromments of man
3. must have a genetic versatility

It was reported yesterday that jojoba adequately meets these three criteria, at least at this
incipient stage of its davelopment.

This knowledge and much more presented at this conferemce was hardly dreamed of in ail the years

since jojoba's last quantum leap in 1958. Now let's look to the future,

ORGANTZATION

Problem A,
presented and represented here Ls made available to all thase who would wish Lo join the efforl to
develop this plant. 1T beileve this can best be done with a very cartfully edited monograph covering
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all the aspects of jojoba from the botsnical sciences to the lubrication sciences. I hope that the next
step will be to produce such a book, This will focus outside readers' attention om the importance of
jojoba and will lay before them, as a challenge, the scope and magnitude of the tasks ahead. This book
should be very carefully edited and should build the case (reallstically though) for jojoba so that
readers not indoctrinated with the jojoba spirit become so. It will take time,

Problem B. To develop plants or existing stands that cam yleld oil economically im the shortest
possible period I believe that all approachea and inuovations must be explored. The latest in plant
genetic technology, the latest in horticulture technology, the latest in water harvesting and the best
mechanical technology for harvesting wild plants should all be considered and brought to bear in a
coordinated, objective research and development effort between all the specialists nceded,

1 believe that the three-pronged approach described for the conference by Dr, Jones te be a very
sound planning model to begin with,

Problem C. To keep the research and development moving im the wost efficient and effective manner

is still most importamt. Jojoba even now could repeat the cycles of the past and decline into obscurity
for ancther decade, 1 propose that here and now be established a Task Group for Natiomal and
International Cooperation in the Research and Development of Jojoba; that the Task Group imclude

Dr. McGinnies (representing Arizona) and Dr. Yermanos (representing California) and that between them
they choose a multidisciplinary panel of some 10 or so members, Dr. Perry (Australia) and Dr. Forti

(Israel) should be foreign corresponding members.
The Panel's task will be:
l. To communicate research and development efforts so as to avold unnecessary duplication

2, To improve communication and cross=fertilization between all of the disciplines involved
(botany, agronomy, soil science, hydrology, oilseed processing, industrial utilization)

3. 1TIo produce a mimeographed newsletter to keep all outeide interested parties aware of advances
in jojoba research and development

4. To convene an informal jojoba meeting to maintain communication betweea the digsciplines

5. To help ensure that research grant requesta are not duplicative

6. To immediately write a brief state-of-theeart position paper written in nondetailed lanpuage
for a nontechnical audience such as the press and the Arizona and California Congressional Delegations
and for use in making research grant proposals

7. To petition for standardization of the botanical name of jojoba

8. To produce a few pages of guidance on the planting and nurturing of jojoba seeds

9. To consider a plant material bank and a jojoba lunformatiom bank

This suggestion to establish the Task Group was approved by the conference. Dr. William MeGinnies

was fominated chairman for the firet year.

RESEARCI AND DEVELOPMENT

Some of you may think we have talked a lot sbeut research, This should not scare you, Jojoba
research has a long way te go but as results come out, jojoba cultivation can continue; there is no law
that says commercialization must wait until all the research is complete, As an example, man is only
Just beginaing to underscand the chemistry of ceément and concrete and to understand vhy concrete is so
strong, and yet we have been using it in conatruction siace 1830.

With this clearly in mind, I would like te point out how this conference has brought to light
principles and areas for jojoba research and development.

Two general principles that are important ares

1. One-shot experiments usually do more harm than poud, ‘flwre ari- wultiple: ways for proce::ing
iejoba vil inte cnd products, multiple ways of u: lng the end products) §irst choices are uneducat d
choices and run a very high risk of producing an unjust ificd negative result, Resestch and development
vfforts must be well founded, wzil funded and well supplied wiih material. They must be competently
vonducted without haste, Furthermore, the veewlts muisi be public knowledge and open for refereeing and
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scrutiny by the technical community. We cen see some miatakes in this area in the older work where toms
of oil were shipped from Superior to industrial users, yst we still know little of their rasults,

2, Jojoba development will be spurred 1f a unique product cen be found==one that has no subatlcute.
The uniquenesas of jojoba as a sperm olil substitute may no longer be enough.

The molid, hydrogenated wax may actually be the jojeba product to begin with!

Some research topics that heve been suggested
1. Agronpmy
a, Field astudies to analvze, as Dr. Joues said, "the results of experiments that have been

under way for thousands of years." To find germ plasm snd environmental relations in the
deasrt

b. To get plants with high productivity (Dr. Porti believes they are atill aot productive
enough tc be a cultivate)

¢, To get more uniform genetic material

d. To manipulate natural stands to make them mere productive
e, To develop plants that consistently produce seed clusters
f, To develop jojoba strains suiteble for ornamental purposes
g. To identify the sex of a seed hefore it is planted

h. To further develop hermaphroditic plants and to incorporate this genetic trait into
existing high yielding strains

i, To further develop the grafting of male stems to female bushes and to datevmine if their
pollen remains viable

J. Responee of jojoba to fertilization and herbicides
k. Harvesting the se¢ed economically
1, Pruning
2. [t at
a, Use as a cosmetic especlally a therapeutic cosmetic for acne
b. To finalize questions of oil and meal toxicity to nooruminants and ruminanta
¢, To obtain FDA approval for using jojoba in animal feeds, cosmetics, and foods

d, Extensive, long term research and development into the multitude of industrial uses for
jojoba

e. Reinvestigation of the effects of jojoba on Jubercle bacillus, Bacillus leprae and the
Brucellosis bacilii ’

£, The use of jojoba oil for water evaporation cemtrol

What will happen as a result of this meeting? A continuing dialogue and collaboration between
Jojoba scientiste in many diseiplines will contimue, OEQ and other agencies will gain even more
confidence in the vleat, ite potential and ite product, More and very ex.enaive funde are already
being discussed. Many more of us will become “JohnnyMirov Applesecds” and with a venswsd sense of
dedication. A buvok of the realities and promise of jojoba will be produced. Many researchers have
and will be stimulated to renewed efforta.

1t is impossible to determine precisely the effects of a meeting auch as this but I very firmly

believe that a decade from now we will look back on this mseting as the catalyring force that projected
Jojola along the pathway leading to commercialization,

77



LITERATURE CITED

Burden, J.D.

1970 Ecology of Simmondsiachinensis (Link) Schneider at its lower elevational limits, M,S, Thesis,
Arizona State University,

Calavlijerc, F,T,
1789 Storia Della Califorain. M. Fenzo, Venezia (Venice),

Carder, D.J.

1970 Road Catchments--A method of increasing runcff inte dams and reservoirs. Western Austrglisn
Department of Agriculture Technical Bulletin Ne. 5,

Cluff, C.B.
i971 Plastic catchments for economical harveating of rainfall, Proceedings of Tenth National

Agricultural Plastics Conference, Chicago, Illinois. Edited by J.W. Courter, University of
Illincie.

Coit, J,.E.
1962 Horticultural aspects of jojoba, Fruit Varieties 16:32=34.

Daugherty, P.M,, H.H. Sineath, and T.A. Wastler :
1953 Industrial raw materials of plant origin IV, A Survey of Simmondsia chineunsis (Jojoba).
Georgia Imatitute Technology Bulletin 17:1-36,

Evenari, M,, L. Shannon, and NW,.H, Tadmor

1971 Runoff agriculture in the Negev Desert of Israel, Food, Fiber and the Arid Lands, The
University of Arizona Press, Tucson, Arizona.

Fore, 5.F., F,C, Magne, and W,G, Bickford

1958 Epoxidized jojoba oil as a atabi].izér for vinyl chloride cml:a:l.n:l.ng plastics. Journal of
American 011 Chemists'® Society 35(9):469-472,

Fore, $,F,, H.P, Pastor, J.P. Hughes, and W,G, Bickford

1960 Derivatives of jojoba oil as plasticizers for viny]. polymers and bungeN rubber, Journal
of American 011 Chemisats' Soclety 37{8):387-390,

Frick, C.
1939 The horned ruminante of North America. American Museum of Natural History.

Gentr}", an -

1958 The natural history of jojoba Simmondsia chinensis and its cultural aspecta, Economic
Botany 12:261-294,

1965 A desert boxwood still in the desert, Bowwood Bulletin 5:32-36.

Gibson, F.

1938 Simmondsfa galifornica Muttal is diocecious, Boyce Thompson Institute, Contributions
10:45=46.

Gindel, I,
1956 Acclimatization of plants (Hebrew). Am Oved Publishing House, Tel Aviv, 355 pp.

Greene, R.A, and E, 0, Foster
1933 The liquid wax of sseds of Simmondsia califormica. Botanical Gazette 94(4):826-28,

Hilmat, A, Al=Ani, B.R, Strain, and H.A. Mooncy

1972 The physfological ecology of diverse populations of the desert ghrub Simmondsia chineasis.
Journal of Ecology 60(1):1451-57,

Hillel, Daniel

1967 Runoff :I.nducement in arid lends. Final Technical Report submitted to the United States
Department of Agriculture, Volcani Institute of Agricultural Research, Rehovot, Israel,

79




Hinds, W.E.
1949 Penicillin Product. United States Patent Office #2,487,336.

Jones, M.A, and N.B, Knoepfler
1957 Wax uses of desert shrub, jojoba, subject of promising study. Chemurgic Digest 16(1):3-6, 11.

Katznelson, Y.
1967 Climatic regions of Israel (Hebrew). Israel Meteorclogical Service, Series A, No, 23,

Kester, E.B,
1949 Minor oil-producing crops of the United States. Journal of American 0il Chemists' Society
26165=83.

Knoepfler, N.B, and H,L.E. Vix
1958 Review of chemistry and research potential of Simmondeia chinensis (Jojoba) oill.
Agricultural and Food Chemistry 6(2):118-121.

Knoepfler, N,B., E.J. HcCourtney, L.J. Molaaion, and J,J. Spadaro

1959 A comparison of eix solvents for the extraction of jojoba seed. Jourmal of Ameri

Chemists' Soclety 36(12):644-648,

Kraemer, C,J,, Jr.

1958 Excavations at Nessana III; Hon=literary papyri, Princeton University Press, Princeton,
New Jersey.

Martinez, Lorenzo and Sergio Cepeda Voldes
1920 Aprovechamiento De Aguas De Escurrimento y Produccion De Cosechas en Suelos De Laderas
Aluviales de la Zona Arida del Municiplo de Saltillo. Beletin Tecnico de la Escuela Superior
de Agricultura "Antonie Narro' Universidad de Coshuila,

Marvel, C.S., D,M, Paisley, G.M.A, Khattab, W.G. Bickford, and S.P. Fore
1960 Polymerization reactions of the acrylate and methacrylate esters of aleohols from jojoba
oil, Journal of Polymer Science 44:289-294,

McGinnies, W.G, and J.F, Arnold

1939 Relative water requirement of Arizona range plants, University of Arjzona Agriculture
Experiment Station Technical Bulletin 80,

McKinney, R.é. and G.5. Jamieson
1936 A non-fatty oll from jojoba seed, Qil and Soap 13:289-292.

Meteorcloglcal Service

L]
1961 Climatological Normals, Part 1. B. Temperature and relative humidity (2nd Edition)
Israel Meteorclogical Service, Series A, No. 3B.

1970 Annual Rainfall Summary 196869, Israel Meteorological Service, Series B, No. 22/R.

1970 Monthly Weather Report, January=Magch 1970. Israel Meteorclogical Service, Series B,
No, 277~279, W.

1970 Monthly Weather Report, September-December 196%. 1srael Meteorological Service,
Serics B, No, 272=275, W.

197t Monthly Weather Report, April-May 1970, 1lsrael Meteorological Service, Series B,
No. 280-281, W,

Mirov, N.T,
1950 Simmondsia, Chemurgic Digest 9(7):7~9.

1952 Sjmmondsia or jojoba, a problem in economic botamy. Economic Botany 6(1):41-47,

Melaison, L.J,, R,T, O'Connor, and J.J. Spadaro

1954 Long=chain unsatuvated alcohols from jojocha oil by sodium reduction. Journal of American
011 Chemists' Society 36(9):379-382.

80



Myers, L.E,, G.M. Frasier, and J.A. Grigge
1967 Sprayed asphalt pavements for water harvesting. Journal of the Irrigation and Drainage
Division, Proceedings of the Americam Society of Civil Englneers.

Myers, L.E. and G.W. Frasier

1969 Creating hydrophobic soil for weter harvesting., Journal of Irrigation and Dreinage
bivision, Proceedings of the American Society of Civil Engineers,

Raven, P.H. and D.W, Kyhos
1965 Chromosome& numbers of spermatophytes, mostly Californisn, Aliso 6:;105-113,

Scott, W.B.
1937 A hiatory of land memmals of the Western Hewisphere, MacMillan Co., New York.

Sellers, W,D.

1960 Precipitation trends in Avizona, Proceedings of the 20th Annual Western Snow Conference,
Santa Fe, New Mexico,

Shannen, L., M. Everari, and N.H. Tadmor

1969 Ancient technology and modern science applied to desert agriculture. Chronica Horticulturae,
Vol, 9, No. 3,

Spadaro, J,J,, P,H., Eaves, and E.A, Gaptrock
1960 Direct extraction of jojoba seed, Journal of Awerican 01l Chemists' Soclety 37(3):121~124.

Stebbins, G.L. and J, Majer
1965 Endemism and speciation in the California flora. Ecological Monographe 35:1-35,

Yermanos, D.M., L.,E. Francols, and T, Tammadoni
1967 Eifects of soll salinity on the development of jojoba. Economic Botany 21:65-80.

8l



