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PREFACE

It was with great pleasure that the University of Arizona hosted the Fifth International
Conference on Jojoba and Its Uses, October 11 -15, 1982. This conference
commemorated the 10 -year anniversary of the first jojoba conference, which was held at
the University of Arizona in 1972.

During these first 10 years, interest has grown from a handful of arid land scientists to
an overwhelming international following represented by farmers, scientists (from many
disciplines), investors and entrepreneurs. It has been gratifying to observe the progress
made in farming and cultural techniques and in new product and by- product uses. As
evidenced by participants at this conference, it will be equally exciting to observe and
participate in the progress of this new agro- industry during the next 10 years.

This volume is a collection of papers presented during the 1982 conference. We hope
that the information contained herein will be instrumental in furthering the knowledge
and interest in this mysterious Sonoran Desert plant, jojoba (Simmondsia chinensis, Link,
Schneider).

Jack D. Johnson
Conference Chairman
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THE JOJOBA PHENOMENON

Noel D. Vietmeyer
National Academy of Sciences, Washington, D.C.

Jojoba. What a phenomenon! Ten years ago only two researchers had any in -depth
experience with cultivating the plant. Today, here in the southwestern United States,
there are estimated to be 24,000 acres of plantations in the ground. That represents an
investment of an incredible $100 million. Mostly it has come out of the pockets of city
folk. They have spent this huge amount to plant an untried, little -known crop in some of
the harshest and least hospitable agricultural land on earth. They have gambled on an
undomesticated species for which there are no mature plantations, so that the size of
both yields and the markets can only be guessed at.

Two questions. How did it come about? What will happen next? I first learned about
jojoba when I was a graduate student at the University of California in 1966. I happened
to meet Nicholas Mirov. Ever since the 1930s -when Robert Greene of the University of
Arizona, had learned that jojoba oil is like sperm whale oil -Mirov had struggled to get
people interested in the plant. He told me that in 1953, when he published his now
classic paper on jojoba, a researcher at Shell Oil called him and asked for a tank car of
jojoba oil- -never mind the price, just send a tank car full of it. Poor Mirov, I don't think
he'd ever seen more than a pint of the oil in his life.

This points up a fault in the structure of our academic institutions. The university
researcher who was onto an important discovery had no way of meeting the demands of
the industry that was likely to utilize it. Mirov lacked what corporations like Dupont
call the development division -the department that takes research discoveries and bulks
them up into the pilot stage so that their industrial potential can be better assessed.

For several years I mulled over the jojoba idea, writing a few letters, gathering a few
papers. Then in 1970 I moved to the National Academy of Sciences in Washington, D.C.,
and a colleague suggested I tell the story to Bill Miller at the Office of Economic
Opportunity (OEO).

So one afternoon I hesitantly visited Miller in his office on 19th Street. He was
immediately enthused. Indian reservations in the Southwest were a prime problem for
OEO. There was little their land could produce that would make them economically
viable. Poverty was terrible. Jojoba seemed like the answer to a prayer.

But both Miller and I had a deep concern. If jojoba was so promising why hadn't it been
exploited before? Why weren't farmers all over the Southwest planting it instead of
cotton and other crops that are thirstier than jojoba? Perhaps, we thought, there was a
hidden flaw in jojoba's promise -a fundamental barrier to the crop's utilization that the
scientists were not admitting in their papers.

So early in 1971, Miller, three of his colleagues, and I came out to Arizona. At the
Boyce Thompson Arboretum in Superior, Arizona, we met with several plant scientists
including Bill McGinnies and Howard Scott Gentry. Gentry, with Mirov and Fred Gibson
of the Boyce Thompson Arboretum had been, to mix a metaphor, the three wise men who
led jojoba out of the wilderness and into the literature.

The Washington contingent grilled the Arizonans but we could detect no hint of a basic
barrier that would prevent jojoba from becoming an economic crop. Then Gentry
mentioned that there was a professor with a Greek name at the University of California
who had done research on jojoba. The next day we tracked him down at the University of
California, Riverside, campus. Demetrios Yermanos was a discouraged man. A funding
cutback had forced him to cancel his jojoba research and for more than a year the dean
of his college had been hounding him to tear out his jojoba plots. They included mature
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bushes that had been selected and studied for almost 10 years. But the land, so the dean
said, was needed for more work on citrus crops. Just weeks before we arrived, bearing
the possibility of renewed funding, Yermanos had finally given in and ripped out those
invaluable jojoba specimens.

Back in Washington we discussed our findings. Miller was prepared to commit substantial
federal funds to a program for Indians, but we all worried that jojoba "still seemed too
good to be true. That is when the idea for a conference came up. Surely that would
resolve our lingering doubts.

Exactly a decade ago the conference was held on the University of Arizona campus. It
was organized by Jack Johnson, Bill McGinnies and others from the Office of Arid Lands
Studies and was funded by the OEO. More than 100 people from at least four countries
showed up. The discussions were lively -mostly upbeat and notable for papers presented
by Tom Miwa, then of the U.S. Department of Agriculture, who had spent many evenings
at his lab working out the chemistry of jojoba, in the teeth of vehement opposition from
one of his superiors. There was also a paper from Meir Forti who had been working
independently on jojoba in Israel and had some of the best shrubs then available.

Back in Washington once more, Miller, his colleagues and I huddled to decide what next.
I mentioned Shell Oil's 1953 request to Mirov and Miller decided that the San Carlos
Apache tribe should be funded to collect and process a tank car full of jojoba oil. That,
we figured, would once and for all pin down whether the product had any industrial
potential.

Between 1973 and 1976 Ned Anderson and the San Carlos Apache Tribe produced more
than 70,000 pounds of jojoba oil. The University of Arizona's Office of Arid Lands
Studies distributed jojoba oil samples to hundreds of industries. The word "jojoba" began
to appear in trade journals. Responses from dozens of industries began trickling back.
Most of them said something like "It works well in our products. If it is available at
competitive prices and we can be assured of availability year after year, we will
reformulate our products to use it."

After 1973, the message of jojoba began to spread like an oil slick across water. The
newsletter, Jojoba Happenings, began publication. Soon researchers in chemistry,
biochemistry, plant physiology, agronomy, environmental science and other disciplines
were investigating the shrub. The National Science Foundation supported some of their
basic research, more international conferences were held, the International Council on
Jojoba was established.

Soon the unpronounceable name began appearing in the popular press. There was glamor
in the story of the plant that could save whales in the ocean and agriculture in the
desert.

Momentum was spurred when the United States banned sperm whale imports, when water
supplies in the desert Southwest grew scarcer and more expensive, and when the
Japanese cosmetics firm, Koei Perfumery, began buying jojoba oil for use in shampoos
and skin creams.

Then in the late 1970s the rest of the cosmetics industry as well as some aggressive
entrepreneurs discovered the plant. Shampoos and face creams labelled "jojoba" began
appearing on store shelves all across America. For a brief period in 1981, prices for the
oil (all gathered from wild jojoba) soared to astronomical levels -as much as $10,000 a
barrel, a price that was almost 300 times that of a barrel of OPEC oil. To many people
it looked as if desert countries could have fabulous oil fields above ground as well as
below.

Whether scientists knew how to grow the crop or not, by the late 1970s jojoba's
momentum was unstoppable. Jojoba conferences and seminars were attended by
overflowing crowds representing dozens of countries. By 1981 at least 95 jojoba -based
companies had been established in the United States and abroad, selling everything from
raw land to hand cream. Between 1977 and 1982, encouraged by lenient tax laws that
reward those who plant new tree crops, Americans planted their 24,000 acres of jojoba
plantations and invested their $100 million in the jojoba dream.
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That is how we got to this point. Now what of the future?

I believe that many jojoba pioneers are going to hit pay dirt out there in the desert. In
1982 plants on several plantations that are only 2 to 3 years old produced female flowers,
something that wasn't expected for another year or two. Some people predicted it might
never happen. Additionally this year, both in Arizona and Sonora, Mexico, plantation
yields big enough to harvest have been obtained. That is a historic turning point. It took
ancient man 10,000 years to domesticate crops like corn and wheat; dedicated jojoba
researchers are close to completing the task in 10 years.

But before growing jojoba can become more than a gamble (or at least no more a gamble
than growing other crops) we need another 5 years experience. Today no one is sure
what sites suit it best. Also there are no selected varieties, no harvesters, no mature
plantations, no yield data from actual commercial fields, and no way to distinguish male
seedlings from female ones. Also there are no pesticides approved for use on jojoba, and
planting densities and other management decisions are unestablished and subject to
debate and disagreement.

One potentially major breakthrough that could overcome some of these uncertainties has
recently been made by LeMoyne Hogan and his students at the University of Arizona.
They have made the cloning of jojoba through cuttings a routine operation. This seems
likely to revolutionize jojoba production because it enables a grower to predetermine the
male and female shrubs in his fields and, by using cuttings, growers can clone superior
plants and thus increase yields and plantation uniformity.

The answer to the big uncertainty with jojoba seems clear now: this wild desert plant
will survive in cultivation, it will flower and it will set its valuable seed in plantations.
Nevertheless, it will take perhaps 100,000 acres of producing plantations to provide the
confidence of a stable year -in year -out supply, before jojoba oil can be considered an
established product and not just a passing fad.

Few new crops have had jojoba's advantage of commanding high prices from the
beginning. That has been a blessing. But it cannot last. The current markets are
fragile. Unless jojoba offers truly outstanding properties no cosmetics manufacturer will
continue putting this high -priced oil into its products. After the fad of the jojoba name
has worn off, the cosmetics industry may abandon us.

There is a possibility, however, that jojoba has extraordinary dermatological properties.
Kenneth McClatchey of the University of Michigan has recently shown that the oil
penetrates the skin's outer layers and accumulates inside as well as around hair roots.
It's an exciting find. It could make jojoba's contribution to cosmetics more soundly
based.

Although the cosmetics industry now buys virtually all the jojoba oil available, in the
future the oil could find far larger markets as a lubricant for automobile transmissions
and engines and other high speed machinery. Chemically it is similar to the high -
performance, fuel- saving engine oils now marketed by major oil companies. If plantation
production continues progressing, jojoba oil also could become feedstock for many
chemical industries.

But, jojoba is no miracle. Its current astronomical prices will tumble as the plantations
in the United States, Mexico, Australia, Israel, and other countries come into full
production. That is good. Today only cosmetics manufacturers can afford jojoba and
they can use only small quantities, but decreasing prices will open up markets in more
and more industries. By the time the oil is comparably priced with other premium oils
jojoba growing will be rooted securely and an orderly production and marketing of jojoba
products with consistent and reliable supplies year after year will be established. Many,
perhaps hundreds, of industries then will be confident enough to reformulate their
products to incorporate jojoba.

It's going to happen. Jojoba, as I have said, is no miracle but it is no mirage either. It
has an outstanding ability to grow in dry soil. It uses less water than other crops. The
oil is very stable and doesn't go rancid so it is easily handled and transported. Extracting
it requires no more technology than other oilseeds like olives or peanuts.
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No other plant on earth produces an oil like jojoba's. Its uses are not all known, the
demand for it cannot be forseen. But, I'm convinced there is demand out there.

I say hats off to the hundreds of scientists, farmers and financiers who are investing
their skills, sweat and savings in this great enterprise. They are pioneering a uniquely
important new industry.

6



TECHNICAL PAPERS: SESSION I

7



JOJOBA OIL PRODUCTION FROM EMBRYO CULTURES

Chi Won Lee

John C. Thomas

and

Ralph L. Price

University of Arizona, Tucson

ABSTRACT

Young jojoba embryos (2 millimeters in size) extracted from developing fruit were
cultured in vitro and induced to develop asexual embryos on a variety of tissue culture
media. The amount of asexual embryo production and their growth greatly varied
depending on the size and clonal origin of the embryos and the composition of culture
media. Some cultures developed as many as 18 new embryos within 2 months. The
cotyledonary tissues developed from these asexual embryos contained wax bodies and
liquid wax identical to that from jojoba seed. This suggests that routine extraction of
jojoba oil from embryo cultures may be possible.

INTRODUCTION

Production of jojoba oil from materials other than the seed may be possible by three
different procedures: a) culturing seed embryos to produce new multiple embryos that
can be matured as oil- containing cotyledons; b) selecting jojoba cell lines that would
synthesize and accumulate a large quantity of oil; and c) engineering wax synthesizing
genes into rapidly growing microorganisms or plant tissues. Rost et al (1) found active
synthesis of jojoba wax in cultured cotyledonary tissues. However, further information
on potentials for in vitro jojoba oil production is lacking in any of the three areas
outlined.

The use of embryo culture as a source of secondary products has been documented in
cacao by Pence et al (2, 3, 4). They induced multiple embryogenesis from individual
cacao embryos and extracted chocolate materials from the embryo-generated
cotyledonary tissues after maturation. Since jojoba oil is contained in the seed,
generation of multiple seed embryos and subsequent maturation would lead to the
production of jojoba oil. The scheme of embryo culture for jojoba is illustrated in Figure
1. In this study the potentials of using embryo culture methods for jojoba oil production
were investigated.

MATERIALS AND METHODS

Developing jojoba fruits were collected from the natural stands of jojoba 2 to 3 months
after pollination. Young ovules were excised from the fruit and surface- sterilized in 10
percent Clorox (active ingredient 5.25 percent sodium hypochlorite) for 10 minutes
followed by three rinses in sterile water. In a sterile laminar flow transfer hood, jojoba
embryos (1 to 5 millimeters in length) were excised from the ovules and immediately
were placed on 20 milliliters of culture medium in 25 millimeter -by -200 millimeter test
tubes.

In two separate experiments (1981, 1982), 27 culture media containing combinations of a
variety of growth regulators and other organic substances were tested. All media
contained Murashige and Skoog salts (5), 100 milligrams per liter i- inositol, 0.5
milligrams per liter nicotinic acid, 0.5 milligrams per liter pyridoxineHC1, 0.3
milligrams per liter thiamineHC1, 3 percent sucrose and 0.8 to 1 percent Difco Bacto-
agar (Table 1). The initial cultures were grown for 2 to 3 months and the newly formed
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Figure 1. A scheme of oil production via embryo cultures (1 -6) and via the
naturally developing fruit (a -c).
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Table 1. Tissue culture media used in jojoba embryo culture.

Medium Number Content of Medium

Basal medium Murashige and Skoog salts, 3% sucrose, 100 mg /1 i-
inositol, 0.5 mg /1 nicotinic acid, 0.5 mg /1 pyri-
doxineHCL, 0.3 mg /1 thiamineHCL, and 0.8 -1%
Bacto agar

J-1 0.3 mg/1 NAA, 1.5 mg/1 Kinetin

J-2 3.0 mg/1 NAA, 1.0 mg/1 6-BA

J-3 1.5 mg/1 NAA, 2.0 mg/1 6-BA

J-4 0 NAA, 0 mg/1 6-BA

J-5 0 NAA, 0.1 mg/1 6-BA

J-6 0 NAA, 1.0 mg/1 6-BA

J-7 0 NAA, 10% Coconut Milk

J-8 0.15 mg/1 NAA, 0 mg/1 6-BA

J-9 0.15 mg/1 NAA, 0.1 mg/1 6-BA

J-10 0.15 mg/1 NAA, 1.0 mg/1 6-BA

J-11 0.15 mg/1 NAA, 10% Ccconut Milk

J-12 1.5 mg/1 NAA, 0 mg/1 6-BA

J-13 1.5 mg/1 NAA, 0.1 mg/1 6-BA

J-14 1.5 mg/1 NAA, 1.0 mg/1 6-BA

J-15 1.5 mg/1 NAA, 10% Coconut Milk

J-16 3.0 mg/1 NAA, 0 mg/I 6-BA

J-17 3.0 mg/1 NAA, 0.1 mg/1 6-BA

J-19 3.0 mg/1 NAA, 10% Coconut Milk

NJ-1 0.1 mg/1 2,4D, 1.5 mg/1 6-BA

NJ-2 0.5 mg/1 1 2,4D, 1.5 mg/1 6-BA

NJ-3 1.0 mg/1 2,4D, 1.5 mg/1 6-BA

NJ-4 0.4 mg/1 NAA, 0.1 mg/1 2,4-D 1.5 mg/1 6-BA

NJ-5 0.5 mg/1 NAA, 0.5 mg/1 2,4-D 1.5 mg/1 6-BA

NJ-6 0.1 mg/1 ThiamineHCl, 170 mg/1 NaH2PO4H2O, 80 mg/1
Adenine, 0.3 mg/1 IAA, 0.1 mg/1 6-BA

NJ-7 0.3 mg/1 NAA, 1.5 mg/1 Kinetin, 0.02 mg/1 ABA

NJ-8 0.1 mg/1 ThiamineHC1, 170 mg/1 NaH2PO4H2O,
80 mg/1 Adenine, 3 mg/1 IAA, 0.1 mg/1 6-BA

NJ-9 0.3 mg/1 NAA, 1.5 mg/1 Kinetin, 0.4 mg/1 ABA



asexual embryos were individually excised from the initial culture and then were
transferred to freshly prepared media for embryo maturation.

Jojoba oil was extracted from the subcultures (primary cultures in 1982) within 2 to 3
months. The harvested tissues were lyophilized in a Vertis 50 freeze dryer and oil was
extracted from the freeze -dried tissues using hexane as a solvent at room temperature
for 24 hours. The percentages of oil were determined by weight. In the 1982
experiment, oil content was determined by a nuclear magnetic resonance (NMR) analyzer
(product of Newport Company). Oil components were characterized on a thin layer
chromatograph (TLC) using a 0.2 millimeter thick plate precoated with Silica Gel 60
(product of E. Merck Company). microliter 1 of each of the hexane -extracted oil samples
was applied to the TLC plate and the plate was developed for 15 centimeters in a paper -
lined equilibrated TLC tank using hexane:ethyl ether:glacial acetic acid (90:10:1) as a
solvent. The individual lipid components on the plate were visualized by iodine vapor.

Wax bodies contained in the cells of embryo -grown tissues were detected by scanning
electron microscope (SEM). The embryo tissues were fixeo for 24 hours in a solution
containing a mixture of 4 percent formaldehyde, 1 percent glutaraldehyde in 0.1 molar
phosphate buffer at pH 7.2. The tissues were then fixed in 1 percent osmium tetraoxide
(in 0.1 molar phosphate buffer) for 1 hour, rinsed in water, and then fractured by a razor
blade in liquid nitrogen. The freeze -fractured samples then were dehydrated in ethanol
and critical -point dried. The cut surface was coated to a thickness of 300 angstrom by
gold palladium and was examined under SEM.

The effect of sucrose concentration on the rate of embryo maturation was studied by
adding 3, 10, 20, 30 and 40 percent sucrose in J -1 medium and by culturing sexual
embryos (3 to 5 millimeters long) for 2 months. The oil content was determined by the
NMR analyzer.

RESULTS

The results of these experiments indicate that the size of the embryo is the most
important factor to consider in selecting embryos for initial culture. The size of embryo
that produced the largest number of new embryos in culture averaged 2 millimeters in
length. This embryo stage corresponds to a time approximately 7 to 8 weeks from
pollination when the embryo is still in the "heart" stage and is surrounded by the
gelatinous embryonic water contained in the 1 centimeter long ovule. Embryos younger
than this stage died. Beyond the heart stage the large embryos expanded rapidly without
forming new embryos or without producing callus, depending on the media.

The composition of culture media greatly influenced the number of asexual embryos
generated from the initial culture. In the 1981 experiment, only five of the 18 culture
media tested gave a 20 percent or higher percentage of cultures with new embryos
(Table 2). Only five of the 18 media produced more than two new embryo pairs from an
initial culture. J -1 medium gave the highest number (18) of embryo pairs induced on the
initial culture. In the 1982 experiment, four of the 12 culture media gave more than 20
percent of the cultures with new embryos. The highest numbers of embryo pairs
produced were 17 in NJ -1 and 18 in NJ -4 media (Table 3).

In many cultures, the induced asexual embryos grew in pairs and they were rounder and
thicker than the natural sexual embryos (Figure 2). Some cultures developed numerous
nodule -like structures on the surface. These structures, although they resembled
embryoids, were not included in embryo counts. After 2 to 3 months, the asexual embryo
pairs were excised from the original cultures and were recultured in J -1 and J -2 media.
The subcultures grew into large cotyledon -like structures in a 2 -month period. Some
cultures developed callus on the surface. After 2 months, the matured tissues were
harvested, freeze -dried, and used in oil extraction.

The oil content, as determined by weight of the hexane -extracted material, was 17.3
percent for cultures grown in J -1 medium and 6.3 percent for cultures grown in J -2
medium on a dry weight basis (Table 4). Cultures grown in 1982 varied in oil content
from 1.6 percent to 13.4 percent depending on culture media.
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Table 2. Efficiency of inducing asexual embryogenesis on jojoba embryos grown in
various culture media, 1981 experiment.

Culture
Medium

Total No.
Expiants

Explants
with Embryos

( %)

No. New
Embryos/
Expiant

Max. No.
Embryos/
Explant

J-1 82 14.6 0.5 17

J-2 23 26.1 0.3 1

J-4 20 10.0 0.1 1

J-5 23 21.7 0.2 1

J-6 29 17.2 0.3 4

J-7 24 25.0 0.5 5

J-8 21 4.8 0.1 1

J-9 25 16.0 0.2 2

J-10 20 10.0 0.1 1

J-11 23 8.7 0.1 1

J-12 22 27.3 0.1 1

J-13 25 8.0 0.3 1

J-14 28 42.9 0.1 4

J-15 30 6.7 0.1 1

J-16 21 9.5 0.1 1

J-17 27 3.7 0.1 1

J-19 21 19.1 0.2 1
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Table 3. Efficiency of inducing asexual embryogenesis on jojoba embryos cultured in
various culture media, 1982 experiment.

Culture
Medium

Total No.
Explants

Explants
with Embryos

( %)

No. New
Embryos/
Explant

Max. No.
Embryos/
Explant

J-1 187 11.8 0.2 2

J-2 70 2.9 0.1 2

J-3 127 53.5 0.2 11

NJ-1 79 22.8 0.9 17

NJ-2 39 0.0 0.0

NJ-3 19 0.0 0.0

NJ-4 19 52.6 3.3 18

NJ-5 16 12.5 0.3 5

NJ-6 70 5.7 0.2 9

NJ-7 20 20.0 0.2 1

NJ-8 80 5.0 0.1 1

NJ-9 20 5.0 0.1 1
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Table 4. Content of jojoba oil in embryo tissues grown in various media.

Culture
Medium

Average
Fresh Weight
Per Culture

(grams)

Average
Dry Weight
Per Culture

(grams)

Percent Oil
(dry weight)

1981

J-1 0.62 0.13 17.2a

J-2 1.66 0.20 6.3

1982

J-1 0.93 0.13 11.6b

J-3 1.07 0.18 7.0

NJ-1 1.64 0.17 3.5

NJ-2 1.22 0.15 1.8

NJ-5 1.53 0.17 1.6

NJ-7 0.78 0.13 12.2

NJ-10 0.39 0.08 13.4

aMeasured by hexane extraction, secondary cultures

bMeasured by NMR, primary cultures
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Figure 2. A scanning electron micrograph of asexual embryoids formed in
embryo culture: old embryo (0E) initially cultured, new asexual embryos
(NE) developing from the initial culture.

Figure 3. A scanning electron micrograph of jojoba wax bodies contained in
embryo - culture -generated cells: wax bodies (WB), cell wall (CW).
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Figure 4. A thin layer chromatograph of oil extracted
from tissues grown from asexual embryos: oil samples
from tissues grown on J -1 and J -2 media(1, 3), seed -
generated jojoba oil (2).
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Figure 5. Effect of various concentrations of sucrose on jojoba embryo
maturation and oil content.
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Numerous wax bodies in cells of matured embryos were detected by SEM (Figure 3). The
size of wax bodies varied from 0.5 microns to 2.0 microns and the wax bodies resembled
wax bodies contained in a mature natural seed (6, 7).

The TLC profiles of embryo-generated oils were almost identical to that from the seed -
generated jojoba oil (Figure 4). As in the jojoba seed oil, the major component of the
tissue -extracted oil was a liquid wax ester. The lower spots on the TLC plate have not
been identified; however, they may be free fatty alcohols and acids and other non -wax
ester materials. These compounds are higher in excess in the tissue -culture -grown
embryos.

Sucrose concentration of culture media greatly influenced the maturation and oil content
of embryo cultures (Figure 5). The tissue fresh weight was highest at 3 percent sucrose
with a drastic decrease as sucrose concentration increased. The percent oil content,
however, increased when sucrose concentration increased to 20 percent. At this level of
sucrose, the oil concentration was as high as 41 percent.

DISCUSSION

The combined results of these experiments indicate that the culture of asexual jojoba
embryos will allow an alternative method for the production of jojoba oil. While many
cultures did not initiate asexual embryos, this was attributed to differing clonal sources,
the effect of embryo size and the composition of the culture media. In suboptimal
culture media, the cultures developed callus or died.

In media such as NJ -4, large numbers of embryos were generated. These embryos
produce wax bodies and can be subcultured to produce jojoba oil in excess of that
reported in callus tissues (5, 6, 7). The manipulation of the culture media sucrose
concentration enhances oil production in sexual embryos much like that observed in
callus (1).

Further studies with the selection of embryos will continue to improve the quantity of oil
derived from such cultures. Currently about four mature embryo cultures will yield one
seed equivalent of oil. Likewise, the in vitro propagation of jojoba embryos provides a
source for the genes responsible for jojoba oil synthesis and for future studies in genetic
manipulation.
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ABSTRACT

Jojoba seed and meal from several different regions were analyzed for selected
nutritional and anti- nutritional factors. Fractionation and analyses of meal protein
showed different levels of albumin and reserve proteins in seeds from different regions.
The major reserve protein fraction is a heterogeneous group of alkali- soluble
polypeptides named jojobin. Seeds with higher ratios of albumin to jojobin may be
preferred in breeding studies because of the more balanced amino acid composition of
albumin. Jojoba meal also contains one or more inhibitors of animal digestive proteases.
This inhibitory activity can be destroyed by heat and should not present a dietary
problem in properly processed meal. The meal contains relatively little phytic acid and
no detectable lectin activity as potential anti -nutritional factors. These studies suggest
that jojoba meal contains adequate levels of nutrient minerals, protein, and essential
amino acids to serve as an animal feed.

INTRODUCTION

If jojoba meal, a by- product of the jojoba oil industry, is to be commercially successful
as a livestock feed, it is necessary to determine the nutritional value of the meal and to
identify any anti -nutritional factors present.

There have been reports on some nutritional aspects of jojoba and on the cyano- toxicant
simmondsin that is present in the meal (1, 2, 3, 4, 5). Verbiscar and co-workers have
made considerable progress in detoxifying jojoba meal and have studied its potential as a
livestock feed (6, 7).

As part of a basic and applied research project on jojoba and other potential crops, we
analyzed selected nutritional and anti - nutritional factors in jojoba seeds harvested from
several natural stands. Our goal is to quantitate these factors and to determine any
differences of their levels in seeds from different regions. In this paper we will report
the results of some of our studies.

MATERIALS AND METHODS

Jojoba Seed

California seed was a gift from Professor Yermanos, Riverside; Mexican seed was a gift
from Ing. Murrieta, Hermosillo; other seed was purchased from commercial distributors
in the areas indicated. Seed was from the 1979, 1980 and 1981 crops.

Protein and Amino Acid Analysis

Seed proteins were extracted by a modification of the method of Shewry et al (8) based
on classical techniques (9). Our current procedure is outlined in Figure 1. Protein was
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Seed
(testa removed)

Homogenize in 5 ml McOH with polytron.
Bring to 90% petroleum ether -stir 4 to
6 hours.

1
Let precipitate settle and decant liquid.
Repeat extraction 3 times until precipitate
meal dries to fine, -free powder.

Suspend meal in H2O- dialize vs. H2O
in cold. Change dialysis H2O 3 times.

\
H2O H2O

Insoluble Sokible (Albumins)

1
3 extractions in 12 ml 50 mM sodium
phosphate buffer, pH 7.0, containing 1.0 N
WO, using

3 extractions with 12 ml 50% (v /v)
n- propanol and 2% (v/v) 2- mercaptoethanol
at 60 C, 1 hour each extraction.

3 extractions with 12 ml 50 mM borate
buffer, pH 10 and 1% (v/v) 2- mercaptoethanol
and 1% (v /v) SDS.

i
3 extractions with 12 ml 1% (v /v) acetic
acid.

1
Insoluble Residue

Protein Fraction

... Lipid, Lipoproteins

my Aliquot as Total Protein

..y Saline Soluble
(Globulins)

... Alcohol Soluble
(Prolamines)

... Alkali Soluble
(Glutelins)

Acid Soluble
(Glutelins)

Figure 1. Protein extraction method. Volumes are per gram fresh weight of
seed. McOH- methanol, polytron homogenizer from Brinkman Co.
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determined on trichloroacetic acid precipitates using bovine serum albumin as standard
(10). Amino acids were measured by standard methods in an automated amino acid
analyzer. Electrophoresis was conducted by the method of Basha (il).

Mineral Analysis

Elements were analyzed as previously described (12). Calorie content was measured by
bomb calorimetry.

Anti - Nutritional Factors

Proteinase inhibitors were assayed as before (13). The trypsin inhibitor was purified on a
typsin affinity column (14). Lectin screening was generously done by Jamie Lamb,
University of Michigan, Medical School, as described (15). Phytic acid was measured by
the method of Halmer et al (16).

RESULTS AND DISCUSSION

Protein Content and Composition

Table 1 shows the protein content of jojoba seed and meal from sources at Riverside,
California, Hermosillo, Sonora, and Casa Grande and Phoenix, Arizona. Because of the
extreme variability in seed size (1), and thus protein per seed, the values in Table 1 are
the mean of at least 350 seeds extracted in lots of 35 to 100 seeds. There was relatively
little variability in protein content when expressed on the basis of seed or meal air -dry
weight. However, there was a difference in the protein composition of the meal (Table
2). The meal from Mexican seed contained the highest amount of water - soluble albumins
and the lowest amount of water -insoluble reserve proteins that could be extracted in
neutral saline or alkaline borate buffer. Reserve proteins soluble in saline have been
termed globulins and those soluble in alkaline buffer have been termed glutelins (9).
While the solubility method for protein separation is not without problems, it is still the
most widely used system for classifying these diversified groups of seed proteins (9 and
references therein).

Preliminary electrophoresis studies (SDS and two -dimensional polyacrylamide gel
electrophoresis) on the individual fractions (Table 2) have indicated the presence of
polypeptides distinct to each group of proteins (data not shown). The globulin fraction
from jojoba, unlike many other seed globulins, apparently did not contain significant
amounts of high molecular weight polypeptides. The major portion of the seed reserve
protein was a heterogeneous group of alkali- soluble polypeptides that we have termed
jojobin.

We have done amino acid analyses on the protein fractions of the Mexican seed (Table 3).
The different amino acid pattern of each fraction is corroborating evidence for their
distinctness. These amino acid values vary slightly from those reported by other groups
(1, 3), perhaps reflecting different protein composition of the seeds analyzed (Table 2).
The content of essential amino acids in the Mexican seed -meal protein is sufficient to
meet the dietary requirements of non -ruminant animals including swine, poultry and
sheep (17, 18). In addition, the total protein content of the meal is at or above the level
required by the above non -ruminant as well as ruminant animals (17, 18).

Mineral Analysis

As reported by Utz et al (12), we have conducted an analysis of selected element
concentrations in jojoba seeds obtained from seven different sources (Table 4). Except
for calcium, copper and zinc, the seeds from different regions had significantly different
variances (95 percent confidence level of F test) for the metal elements tested. Because
samples from each area were taken in one or two harvest seasons only (and mixed if from
two) it is possible that the differences in nutrient concentrations were due to seasonal
conditions as well as genetic and edaphic variances.

In Table 5 we compared the mean value of selected nutrients in jojoba meal to those in
cow and chicken rations. Calculations for meal values were made from Table 1 based on
an oil content of 50 percent by weight. As noted above, protein content is high while
caloric content is sufficient in jojoba meal compared to these feeds. The jojoba meal
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Table 1. Percent protein content of jojoba seed and meal from different sources.

Source Harvest Date Percent Protein (g protein /100 g seed)

Seeda Mealb

Riverside, California 1979 14 31

Hermosillo, Sonora 1979, 1980 13 29

Casa Grande, Arizona 1979, 1980 13 29

Phoenix, Arizona 28c

aMature, air -dried

bpetroleum -ether extracted and air dried

cMechanically extracted

Table 2. Protein composition of petroleum -ether or methanol -extracted seed meal soluble
in various fractions.

Source

Fraction (% total protein)*

Petroleum
Ether Water Saline Alcohol Alkali Acid

Insoluble
Residue

Riverside 1 38 12 0 43 0 4

Hermosillo 1 45 13 0 36 0 3

Casa Grande 1 36 11 0 44 0 5

*Fractions categorized by solubility in the indicated solvent, see Materials and Methods.

Note: Values of 0 = no protein recovered in the fraction. Approximately 2 to 3 percent of
the total seed protein was lost during the extensive fractionation procedure.
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Table 3. Amino acid composition of protein fractions from Hermosillo seed meal.

Amino Acid Total Protein Fraction (% protein)

Albumin Jojobin Globulin

Histidine* 3.3 2.8 3.1 4.4
Arginine* 9.4 5.1 10.9 11.9

Aspartic acid 11.0 11.1 10.4 11.4

Threonine* 7.3 9.1 6.5 6.0
Serine 4.8 6.4 8.7 4.1
Glutamic acid 12.1 9.7 11.2 15.1

Proline 4.9 6.5 5.5 2.1

Glycine 8.2 7.6 5.9 8.3
Alanine 2.7 3.7 1.8 0.8
Cystine 2.3 5.3 0.6 0.9

Valine* 4.5 5.4 6.1 4.1

Methionine* 1.1 0.9 2.3 0.3

Isoleucine* 2.4 3.1 3.4 0.9
Leucine* 6.4 7.1 8.1 4.6

Tyrosine 3.7 3.9 4.6 1.7

Phenylalanine* 3.8 3.1 3.9 4.1

Tryptophan* 0.3 0.4 0.2 0.6

Lysine* 7.2 6.6 7.0 7.9

Amide N 4.5 2.1 5.9 8.3

*Considered essential amino acids for adult non -ruminant animals (18).

Note: Albumin -H20 soluble; jojobin -alkali soluble; globulin -- saline soluble. Values for
the residue, which contained about 3 percent of the amino acids, are not shown. Amide N
estimates asparagine and glutamine.

25



T
ab

le
 4

. T
ra

ce
 m

et
al

 c
on

ce
nt

ra
tio

ns
 in

 w
ho

le
 jo

jo
ba

 s
ee

ds
 b

as
ed

 o
n 

fi
ve

 o
r 

m
or

e 
sa

m
pl

es
 f

ro
m

 e
ac

h 
lo

ct
io

n.

So
ur

ce
E

le
m

en
ts

 (
pp

m
 o

f 
w

ho
le

 s
ee

d)
K

N
a

M
g

C
a

Fe
M

n
Z

n
C

u
N

i
C

o

B
ak

er
sf

ie
ld

 (
.6

7g
)*

7,
16

0
52

1,
17

0
26

9
27

16
14

11
4.

7
0.

4

R
iv

er
si

de
 (

.4
5g

)
9,

66
0

14
3

1,
38

0
25

4
43

26
18

8
2.

5
0.

7

Ph
oe

ni
x 

(.
68

g)
6,

92
0

90
1,

44
0

49
3

41
22

17
11

3.
7

0.
7

C
as

a 
G

ra
nd

e 
(.

35
g)

5,
42

0
19

5
1,

55
0

38
9

73
22

18
16

3.
8

1.
0

R
an

ch
o 

Jo
jo

ba
 (

.5
7g

)
5,

70
0

15
5

1,
39

0
38

5
42

17
14

9
2.

5
0.

7

H
er

m
os

ill
o 

(.
66

g)
5,

84
0

14
7

1,
22

0
36

8
59

18
10

7
2.

4
0.

5

So
no

ra
 (

.4
6g

)
5,

60
0

16
8

1,
69

0
44

6
34

24
24

6
6.

9
0.

7

M
ea

ns
 (

.5
5g

)
6,

61
0

13
6

1,
41

0
37

2
46

21
16

10
3.

8
0.

7

Po
ol

ed
 S

ta
nd

ar
d 

D
ev

ia
tio

n
1,

39
0

51
23

0
13

7
18

4
7

5
1.

8
0.

2

*M
ea

n 
se

ed
 w

ei
gh

t f
or

 e
ac

h 
ge

og
ra

ph
ic

 s
ou

rc
e.



Table 5. Nutrient content of various feed rations per kilogram of
dry matter.

Nutrients

Protein (N x 6.25) (g) 270 85 220

Energy (Meal) 3.3 2.3 3.1

Crude Fiber (g) 120 150

Ash (g) 39 --
K (g) 13.2 7.0 2.0

Na (g) 0.27 1.0 1.5

Mg (g) 2.8 0.8 0.5

Ca (g) 0.74 3.4 10.0

Fe (mg) 92 100 80

Mn (mg) 42 20 55

Zn (mg) 32 40 50

Cu (mg) 20 10 4.0

Co (mg) 1.4 0.1 -
Mo (mg) <0.2 < 6 -
Cl (g) 3.0 1.5 2.2

S (g) 3.0 2.0 -
P (g) 3.5 2.6 7.0

Se (mg) <0.5 0.1 0.1

I (mg) <0.01 0.6 0.35

Dry Starting
Jojoba Cow Chicken
Meal Ration* Ration*

*Data from Merck Veterinary Manual (18)
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Table 6. Inhibition of bovine trypsin activity by jojoba seed extracts.

Source of ml Extract to
Extract Give 100%

Inhibition

Concentration of
Extract per ml

Mature Seed 0.4 0.12 g

Seed Meal 1.0 0.13 g

Albumin 1.1 0.8 g

Reserve Proteins not detected 2.0 g

Jojoba Oil not detected 1.0 ml

Purified Jojoba Trypsin
Inhibitor 0.6 5.0 g

Purified Soybean Trypsin
Inhibitora 0.8 4.3 g

Heated Mealb not detected 0.15 g

al milligram inhibits 1.2 to 2.2 milligrams bovine trypsin

bMeal in solution boiled gently for 1 minute

Note: 1.1 milliliter of albumin extract caused 92 percent and 64 percent inhibition of
bovine chymotrypsin and porcine pepsin activity, respectively.

also compares quite favorably in essential mineral content. The values given here agree
with those of others for nitrogen, sulfur and phosphorus (4) and for ash and fiber (6).

Vitamin Analysis

Vitamin analysis of jojoba seed has been quite refractory. We have found insignificant
levels of ascorbic acid (5 micrograms /gram sample) in the seed. Ascorbic acid is
probably not an essential nutrient for agricultural animals (17).

Potential Anti -Nutritional Factors

As reported previously, jojoba seeds contained an inhibitor(s) of animal digestive
enzymes (13). We found significant levels of bovine trypsin, chymotrypsin and porcine
pepsin inhibitor localized in the water -soluble albumin fraction of the meal (Table 6).
We purified the jojoba seed trypsin inhibitor to a single band on an SDS -gel and believe it
is a 9,000 molecular weight polypeptide comparable to other known trypsin inhibitors
(14). The jojoba seed trypsin inhibitor activity was partially lost during solvent
extraction of the seed and fractionation of the meal (Table 3). Activity was completely
destroyed by boiling the meal extract (Table 6) and was reduced during germination (13).

Jojoba seed extracts had no inhibitory activity against the protease from Aspergillus
satoi (13). In recent studies on the effects of ethylene in germinating jojoba (19), weound fungi, including Aspergillus sp., on jojoba seed that failed to germinate in moist
vermiculite. While this is of no obvious nutritional implication, other than the possibility
of aflatoxin- producing fungi growing on stored seed or meal, it may have some
importance for research on disease -resistance by jojoba seedlings.

28



Jojoba seed meal and protein fractions were screened extensively to determine the
presence of glycoconjugate binding lectin. Eighteen glycoconjugates (15) were tested
and none showed a significant precipitation reaction with any jojoba seed protein. It is
possible jojoba seed contains a lectin or phytohemaglutinin not detected in the survey.

Phytic acid, which is found in several plant foods, may act as an anti -nutritional factor
by binding essential dietary cation minerals like calcium and iron to form an insoluble
complex known as phytate; a compound not absorbed in the gastrointestinal tract of
many animals. Phytic acid also inhibits amylase activity (20). We assayed Mexican
jojoba seed for phytic acid but detected relatively low levels. Jojoba meal contained
7.34 x 10 -5 grams to 1.07 X 10 -4 grams phytic acid /gram sample while commercial
soybean meal contained 1.4 x 10-2 grams phytic acid /gram sample.

CONCLUSIONS

Jojoba meal contains sufficient protein of acceptable quality to serve as a feed for
ruminant and non -ruminant animals. There was variability in protein composition of
seeds from different regions. Plant breeders may wish to select seeds with higher ratios
of albumin to reserve protein because albumin is composed of superior quality proteins
and provides a more nutritional meal or feed. Jojoba meal also contains sufficient
dietary minerals and other nutrients to serve as an animal feed. However, the vitamin
content was not determined.

Inhibitors of trypsin and other animal digestive proteases present in jojoba meal may
compound efforts to detoxify the meal and may complicate feeding studies on livestock
animals. Since the inhibitor(s) identified in this study was thermolabile these concerns
may prove to be unfounded, especially if the meal is heated during processing.

Most of the studies on jojoba seed as an animal feed have centered on detoxification by
removal or neutralization of simmondsin, the previously reported toxin and putative
appetite suppressant in the meal (4, 5, 6, 7, 21). The results of these and other studies
have not been entirely consistent and some data remain unexplained (ibid, 22, 23, 24).
We suggest that the presence of raw jojoba trypsin (and other digestive protease)
inhibitor in an animal's feed could result in undigested protein in the gut and a loss of
appetite. Moreover, the trypsin inhibitor in jojoba meal is a water -soluble, heat -labile
protein whose activity could explain some of the different results reported in the studies
referenced above.

Our studies have indicated little or no phytohemaglutinin and a relatively small amount
of phytic acid in the jojoba seeds we sampled. However, it is possible that other anti -
nutritional factors like alkaloids, amylase inhibitors, goitrogens or anti -vitamins may
occur in jojoba. Studies to determine this and the vitamin content of jojoba meal need to
be conducted.
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ABSTRACT

Addition of bromine to jojoba oil and its trans -isomer yields tetrabromojojoba, which
upon elimination, affords the acetylenic and allenic components, respectively, when
reacted with excess of base. The bromoolefinic products are obtained when a limited
amount of base is used. Allylic bromination of the oil and its trans -isomer, and
subsequent HBr elimination, yield the two conjugated diene systems on both parts of the
ester (jojoba tetraene). These diene units still are reactive to form Diels -Alder adducts
with several dienophiles. Alcoholysis of jojoba epoxide yields hydroxy ethers. The
hydrolysis, which yields jojoba tetraol, produces more of the less stable threo
stereoisomer, probably because of hydrophobic interactions. These chemical
transformations of jojoba oil can lead to more sophisticated derivatives that may fit
special industrial, medical, cosmetic or other needs.

INTRODUCTION

In Part I of this series (1) I emphasized both the applied approach for production of
derivatives, which might have potential commercial value, and the basic understanding
of the chemistry of the jojoba oil to compare it with short chain length analogues. I
selected simple and relatively efficient reactions to yield products, whose physico-
chemical properties like density, hydrophilicity and polarity are different from those of
the oil itself.

RESULTS AND DISCUSSION

Addition of bromine to a double bond forms two isomers, depending on the
stereochemistry of the double bond. Elimination of one equivalent of HBr from each
isomer can lead to the corresponding bromoolefins III and IiIa, which upon further
elimination yield the acetylen IV from cis- olefin I, and aliene V from trans- olefin Ia, as
shown in Figure 1. The results obtained by bromination of jojoba wax (I) and its
isomerized product (Ia) (2), and subsequent HBr elimination approved the predicted
products (3), as demonstrated in Figure 2.

I have already mentioned the allylic bromination of jojoba oil (I) (1). I later studied the
same reaction on the isomerized oil (Ia), and found that the same mixture, consisting of
ca 65 percent (E)- isomer (XII) and ca 35 percent (Z)- isomer (XIIa), is formed by reaction
of NBS (Figure 3). Upon HBr elimination by a basic reagent, which does not attack the
esteric site, we could obtain a tetraene system, composed of two separate conjugated
diene units (XIII), as proved by hydrolysis to XIV and XV (3), as shown in Figure 3. These
conjugated diene systems, as the (E,E)- isomers in their s- cis -conformation, are prone to
Diels -Alder reaction with several dienophiles, thus introducing a new family of jojoba
derivatives with more functionalities to react (4). The products are shown in Figure 4.

The hydrophobicity of jojoba oil is well demonstrated by its very low polarity and its
immiscibility with hydroxylic and polar solvents (5). Introduction of four hydroxyl groups
is achieved either via the diepoxide (XX, XXa) or directly by H202 /CH3COOH treatment
(1) (Figure 5). It is interesting to note that the threo stereoisomer (Figure 6a), which is
the least stable, predominates over the erythro (Figure 6b), the more stable one. This
unexpected phenomenon can be rationalized by the hydrophobic interactions, which lead
to the OH groups undergoing intramolecular hydrogen bonding, thus avoiding unfavorable
interactions of the polar OH groups with the nonpolar CH2 groups. This arrangement is
more readily obtained in the threo isomer than in the erythro one. Alcoholysis of the
diepoxides (XX, XXa) gives rise to several hydroxy ethers XXII -XXIV, as demonstrated in
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Figure 1. Stereochemical considerations of bromine addition to and
HBr elimination from cis- and trans -double bonds in jojoba wax.

34



xsnn sqofof pazpaw
os! pus egofof w

oJ; s;onpoid oivaJl(;aos `oiui;a1oow
oJ8

ainB
u

E
l'u'6'L=

1 'L=
N

ht'Z
l'O

l'8
=

1 '9=
N

g

Z
1'01'8 '9=

T
 'L=

E
L

'll'6L
=

f
'9=

1

F
!0 V

H
O

)H
O

=
O

=
H

O
N

(Z
H

O
)E

H
O

 +
 H

O
r(Z

H
O

)H
O

=
O

=
H

O
.1(Z

H
O

)E
H

O

(48)(H
)npa

Ó
vz (H

)
(J8)

H
-18 H

(Z
H

O
)=

L(Z
H

O
)E

H
O

 +
H

O
 3 w

(Z
H

3)O
=

O
L(Z

1-IO
)E

H
O

0

E
H

O
N

(Z
H

O
) H

O
=

O
=

H
O

 1(Z
H

O
) 0á r(Z

H
O

) H
O

=
O

=
H

O
)(Z

H
O

)E
H

O
-

(H
)

Pe)
+

(H
) 08)

48 H
H

E
N

O
L

(Z
H

O
))J=

O
,(Z

H
O

) 0w
(Z

H
3) 3=

3L
(Z

H
a)E

H
O

esv8
J8

1D
 Il

ei-13
L

( Z
H

O
) H

O
 H

"(Z
1-I O

) 0 iZ
H

O
) H

 H
0 L(Z

H
 O

)E
H

O

Z
J8?pI

io vyofor_suo.,

7
l
'
Z
l
'
o
l
'
8
 
°

u

E
l' 11'6

'L =

áI
llla

H
O

"(Z
H

O
)O

-O
 L(Z

H
O

)E
H

O
 +

 H
O

w
(Z

H
O

)O
-O

L(Z
H

O
)E

H
O

-

0
1
1
G

T
E

(H
)

--H
O

"(Z
H

O
)

O
=

O
 L(Z

H
O

)E
H

O
 +

 H
O

 O
`"(Z

H
O

) O
=

0 L(Z
H

3)E
H

0

(a8)

E
H

 O
 L( Z

H
 O

) O
°O

 "(Z
H

 O
) O

 3H
3) O

-O
 L(Z

H
O

) E
H

 O
-

zO
N

H

b

a8 (H
)

+
D

I
a8 (H

)

E
H

 O
 Z

(Z
-13) 3=

3 "(Z
1-13) 0 3'413) O

_ L( Z
H

 O
) E

H
 O

H
(a8)

ö

H
(a8)

ásv8
48

E
H

O
L

(Z
H

O
)

H
O

 H
"(Z

H
O

) 0 O
 W

(Z
H

O
)H

O
 H

O
L(Z

H
O

)E
H

O

Ö

Z
.(8

!!o ogofor



jojoba oil

I
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Figure 3. Allylic bromination of jojoba wax and HBr elimination to produce
jojobatetraene.
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Figure 4. Diels -alder adducts of jojobatetraene.
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Figure 6. Threo- (a) and erythro (b) most stable conformations.
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Figure 7. Two more inorganic esters XXV and XXVI (Figure 8), have been synthesized
besides the phosphite XXVII mentioned earlier (1). These products as well as the hydroxy
derivatives might be of some value as surfactants, in cosmetics or other additives, which
need some polar properties.

All reactions studied show the typical chemical behavior in addition, elimination and
substitution reactions of short chains length, but at much slower rates,' and even show
some inertness. This behavior is either caused by folding of the long chains, thus
blocking the reaction center and causing a "steric hindrance," or because of simple
statistical reasons and many inefficient collisions of the reagents involved. This problem
is now being studied in our laboratory.
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EPIDEMIOLOGY OF VERTICILLIUM DAHLIAE IN A
JOJOBA PLANTING NEAR BAKERSFIELD, CALIFORNIA

Thomas V. Orum

Stanley M. Alcorn

and

David A. Palzkill

University of Arizona, Tucson

ABSTRACT

Verticillium dahliae has been isolated from naturally infected jojoba plants in a planting
near Bakersfield, California. Greenhouse tests established the pathogenicity of the
isolates on cotton and jojoba. Symptoms in the field parallel those seen on artificially
inoculated jojoba grown in the greenhouse and include unilateral leaf chlorosis and
vascular discoloration. Based on four successive field surveys from April 1981 through
September 1982, the number of plants in the field with symptoms is small (just more than
1 percent of 9,800 plants surveyed) but is increasing with time. Plants with symptoms
are distributed throughout the field; 17 have died thus far. Some plants observed with
symptoms in April 1981 have recovered, giving hope that they may be tolerant. Growers
are advised not to plant jojoba in fields known to have a history of Verticillium wilt.

INTRODUCTION

Several pathogens of jojoba (Simmondsia chinensis, Link, Schneider) have been reported
(1, 2, 3, 4, 5, 6, 7). Among these is Verticillium dahliae Kleb., which has been shown to
be pathogenic in greenhouse tests (4). Symptoms include unilateral leaf chlorosis (yellow
on one side of the leaf midrib and green on the other) and vascular discoloration (streaks
of brown to golden discoloration in the wood, especially visible at a node bearing a leaf
with unilateral chlorosis). Our first observation of naturally infected plants occurred in
February 1981, when we recovered V. dahliae from jojoba plants in a 30 -acre research
planting near Bakersfield, California. In April 1981, we initiated periodic surveys to
determine: 1) the range of symptoms in the field compared with those we have seen in
the greenhouse; 2) the percentage of plants with symptoms and if the percentage
changed over time; 3) the distribution of plants with symptoms; 4) the impact of the
infection on individual plants over time; and 5) if plants with possible tolerance occurred.
This report summarizes our observations through September 1982.

METHODS

Approximately 9,800 rooted cuttings from at least 500 wild jojoba plants growing in
Arizona were transplanted into the field during the summer 1979. Plants were spaced 5
feet apart within the row; rows were 14 feet apart. The overall dimensions of the
planted area approximated 2,500 feet -by -350 feet. The field had been planted previously
with barley, which was plowed under before harvest, and before that, with cotton (two
seasons). Before the cotton, the field was uncultivated grassland. The history of
diseases in the earlier crops is not known.

Our surveys were made in April and October 1981, and April and September 1982. Each
plant was plotted on a map, notes were made of any symptoms and, when appropriate,
specimens were collected for laboratory assays.

Plant material was cultured on Czapek's agar in the laboratory. The pathogenicity of six
representative V. dahliae isolates recovered from jojoba plants was determined by
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inoculating 3- month -old jojoba seedlings and 1- month -old cotton plants in the
greenhouse. These plants were observed for symptoms during an 8 -week period.

OBSERVATIONS

Verticillium isolates recovered from field -grown jojoba plants proved to be pathogenic in
greenhouse tests. Fifty -four of 56 cotton plants (96 percent) showed typical Verticillium
symptoms including defoliation within 3 weeks of inoculation; 10 of 10 jojoba plants
developed the same symptoms within 8 weeks. V. dahliae was reisolated from
representative cotton and jojoba plants showing symptoms.

The same range of symptoms occurred in the field as in the greenhouse, except that a
gray- green, wrinkled -leaf symptom observed in some greenhouse experiments has not
been seen on field plants. Some plants with symptoms in the field were severely stunted
and defoliated; others were growing vigorously with only one or two leaves showing
unilateral chlorosis. There were also variations in the appearance of vascular
discoloration. These ranged from crisp brown lines leading away from a node along the
vascular bundles to a faint golden discoloration near the node. For the purpose of this
report, plants were counted as having symptoms of Verticillium wilt only if both
unilateral leaf chlorosis and vascular discoloration could be found.

The total number of field -grown plants detected with symptoms of unilateral chlorosis
and vascular discoloration was relatively small -106 plants or just more than 1 percent of
the 9,800 plants surveyed (Figure 1). Seventeen of the 106 plants are now dead. We also
noted that plants identified as having Verticillium were often smaller and less leafy than
their neighbors. However, based on the most recent survey (September 1982), 32 plants
that previously exhibited symptoms are now symptomless and are growing vigorously.
Among these thriving plants are three from which V. dahliae was isolated in April of
1981. On the other hand, during each survey plants not observed previously with
symptoms have shown symptoms. Thus, the number of infected plants identified so far is
increasing (Figure 1).

Plants with symptoms of V. dahliae infection are distributed throughout the field but
there are more east of a central drainage channel than west of the channel (Figure 2).
The soil to the west is quite sandy while the soil to the east is heavier. While most
affected plants are randomly dispersed, several clusters do occur (Figure 2), particularly
east of the drainage channel.

We did not record any dead plants as being infected with V. dahliae unless they had been
observed previously with Verticillium symptoms, because once a plant is dead it is
difficult to determine the cause of death. During the 18 -month period of our survey,
between 1 and 1.5 percent of the plants died from unknown causes. Most of these /plants
were not defoliated. Also, during the course of the surveys, 0.5 to 1 percent of the
plants were observed with a majority of their leaves having a yellow- orange tinge.
Sometimes the stems of these plants showed internal discoloration but the discoloration
was often more in the pith than in the vascular regions. Rarely have we isolated V.
dahliae from these plants. Therefore, we currently believe that some other factor(s1
causes such symptoms.

CONCLUSIONS

Our observations establish that V. dahliae can infect jojoba plants in the field. Although
the incidence of infection in ts hi ieT eld iss small (1 percent), it appears to be increasing;
further, some affected plants have died.

The occurrence of foliar symptoms and vascular discoloration in field plants parallels
symptoms noted in the inoculated greenhouse -grown plants. ' V. dahliae is favored by
moderate temperatures (8). Accordingly, the best periods to observe symptoms are from
approximately mid -February through April and mid- September through early November
in the southwestern United States.

The disease caused by V. dahliae in other plants frequently is referred to as Verticillium
wilt. Wilting has not been a good diagnostic symptom in the case of jojoba. The most
important symptoms are unilateral chlorosis of leaves and vascular discoloration. Plants
must be observed closely for unilateral chlorosis. Often only two or three leaves on an
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infected plant will show such distinct symptoms in the early stages of infection.
Vascular discoloration can be difficult to see but its presence in connection with
unilateral chlorosis is strong evidence for the occurrence of Verticillium wilt. Further,
the disease caused by V. dahliae can be distinguished from those caused by
Macrophomina phaseolina ( Tassi Mid and Phymatotrichum omnivorum (Shear) Dug. by
the absence of rotting roots (4, 5). If Verticillium is found in a field, there is no
chemical treatment that can be recommended currently. At this time, infection is best
prevented by avoiding planting in fields where V. dahliae has been known to occur.

Our observations on Verticillium infections to date afford room for both caution and
hope -- caution that Verticillium does infect plants in the field and can shorten plant life,
but also hope that some jojoba plants will prove to be tolerant of Verticillium.
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ICE NUCLEATION INHIBITION BY ISOLATES FROM JOJOBA SEED

Gerald Caple

R. Gary Layton

and

Sarah N. McCurdy

Northern Arizona University, Flagstaff

ABSTRACT

Ice nucleation studies have been conducted using solvent- extracted jojoba (Simmsondsia
chinensis) seed meal. As the oil was extracted the nucleation activity of the meal
decreased to the point of exhibiting pronounced antifreeze behavior. Further extraction
resulted in a spectacular increase in activity followed by a modest decrease.
Experimental data show that the antifreeze behavior is a non -colligative phenomenon
and requires far smaller amounts to produce a noticeable effect than the usual
substances considered in cloud physics calculations. Comparison of these data with other
published results strongly suggests that this is not an isolated phenomenon, but should be
rather common in areas where plants are subject to freezing. The existence of
substances in nature that can change, under simple chemical manipulation, from a fairly
good ice nucleator to a nucleation inhibitor capable of depressing the freezing point by
several degrees, may help explain some of the complex behavior observed in natural ice
nucleus measurements. The antifreeze properties of biogenic ice nuclei inhibitors have
inhibited ice formation caused by Pseudomonas syringae and Erwinia herbicola. Ice
nucleation induced by these bacteria are responsible for about $14 billion annually in
crop losses due to frost damage. Thus, there is a potential use in agricultural frost
protection for the type of antifreeze materials found in jojoba seed.

INTRODUCTION

Whereas water remains liquid at 0 C, it freezes at lower temperatures. In the absence of
an ice nucleation initiator, microdroplets of pure water can be supercooled to -40 C
without conversion to ice -crystals (1). Two species of bacteria, Pseudomonas syringae
and Erwinia herbicola uniquely initiate ice nucleation at temperatures as high as -1 C
relative to the bacteria -free medium that freezes at temperatures seven to 13 degrees
lower (2). These bacteria are well known plant pathogens that are common on plant
surfaces (3). Freezing initiated by these bacteria under field conditions are partially or
wholly responsible for the approximately $14 billion of crop losses annually (4, 5, 6, 7, 8,
9, 10). In the absence of an ice- nucleation initiation, many common crop plants,
including fruits and vegetables, can survive light frosts with temperatures as low as -6 C,
frequently saving the entire crop (11). Sands (12) and Jayaweera (13) have shown that
Pseudomonas syringae also are found in the atmosphere, or are associated with rain
drops, and have suggested that bacterially induced ice -nucleation events may be involved
in atmospheric precipitation processes.

It has been suggested that there is a single ice -nuclei active site on each cell (2). Also,
there are two different ice -nucleation sites. The "warm site" is responsible for ice -
nucleation at approximately -1 C to -5 C; the "cold site" is active at -8 C to -12 C. The
cold temperature site was shown by Maki and Willoughby (2) and Lindow (14) to survive
cell disintegration. But Lindow (15) has recently demonstrated that both sites can now
be localized on the outer cell membrane and that an active ice nucleation site converts
to a non -active site under certain conditions with first order kinetics. The active to
inactive transition may be accomplished by warming the bacteria above 24 C and slowly
cooling them to between 15 C and 4 C. Cloning experiments have shown that the ice
nucleation site has a genetic basis (16). This information could imply that the two sites
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are either localized or contiguous to the identical region of the membrane and that
discrete events distinguish their separate activities.

Schnell (17, 18) and Vali et al (19) determined that when deprived of oxygen, only the
warm site disappeared. On the basis of these findings, Schnell (17) implicated discrete
metabolic events in ice nucleation processes and involved oxidative phosphorylation.
These data suggest that only the warm temperature ice nucleation event' can be
metabolically induced, while the cold temperature site appears to be independent of
metabolism. In support of this idea, we have recently shown that the addition of
galactose to cultures of Pseudomonas syringae dramatically increases the number of
warm temperature ice -nucleation sites during the course of 3 hours (20). Anderson et al
(4) reported this same effect upon the addition of glucose. While the probable
explanation of these findings are not apparent, we have speculated that the warm site
has energetic requirements that can be met for some reason by simple hexoses. Since
galactose and glucose are common sugars, we may have some beginning evidence that
discrete metabolic events are necessary for the formation, integrity, or expression of the
warm site. In this respect, it is interesting to note that galactose also serves as a major
sugar constituent in the "anti- freeze protein" in the circulatory system of artic fish (21,
22).

Since Schnell and Vali (17, 18, 23) found a source of ice nuclei in decomposing
vegetation, much study has been directed at understanding the source and character of
biogenic ice nuclei. This study, however, has been mainly devoted to decaying leaves and
their associated bacteria. The present study involves ice nucleation studies by materials
found in several seeds like jojoba (Simmondsia chinensis, Link, Schneider), and peach
(Prunus persica Sieb. and Zucc.) and apricot (Prunus armenica L.) pits. The changes that
occur in ice nucleation properties upon solvent extraction with common organic solvents
and water, and their effect on the ice nucleation properties of silver iodide and ice
nuclei active bacteria will be presented. Then we will discuss some of the possible
implications of these results in agricultural frost protection.

METHODS

Jojoba seeds were crushed in a mortar and pestle until no particles larger than 1.0
millimeter remained. The crushed seeds were extracted by placing the solvent (50.0
milliliters of either diethylether or hexane) in a flask and adding 2 grams of seed
material. The mixture was stirred with a magnetic stirrer for times varying from 5 to 50
hours. After extraction, the solid material (meal) was removed by filtration, rinsed with
5 milliliters of the solvent and air dried.

The nucleation properties of the meal were determined using the freezing drop method
by placing the solid material on a mylar film in contact with a cold plate (18). Distilled
deionized water then was placed in the solid material. The temperature decreased as the
freezing of the drops was noted. Frequent runs were made using only water to check for
contamination.

The drops were 3 millimeters in diameter and were in contact with particles that we
estimate in no case exceded 10 milligrams of meal. We have not determined the soluble
fraction of the seed, but comparisons with other seeds suggest that any soluble
component must have been present in rather minute quantities (21). Indeed, if the
estimated total inorganic or soluble inorganic content were dissolved in the drop, the
molality would be less than 10-3. During the course of the freezing experiments we
observed little change in the seed fragments suggesting a far lower concentration of
dissolved substance.

The nuclei spectra are calculated using a method based on that of Vali (23). All results
reported in this paper, except the 48 hour extraction data, have been duplicated in two
or more independent runs.

Figure 1 shows our first results. The ice -nuclei spectrum obtained with hexane -
extracted meal is noticeably different from the spectrum obtained with ether -extracted
meal. The fact that the curves cross suggest that more than one substance is involved in
the ice nucleation and that the substances are extracted at different rates by the
different solvents. These data encouraged us to evaluate the ice nucleation
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characteristics vs. extraction time (Figure 2). Figure 1 also compares the spectra for
the meal from a 22 -hour extraction with that from a 7 -hour extraction.

Consider the cases when inhibition occurs, that is, when the freezing temperature of the
distilled water is above that of the same water in contact with meal. Whatever ice
nuclei were in the particular water samples were clearly inhibited by something from the
meal. It is difficult to come up with any explanation of the data that does not assume
the existence of a soluble substance from the jojoba meal that enters the droplet and
inhibits the action of the existing ice nuclei at the warmer temperatures and enhances
their activity at lower temperatures.

To test this hypothesis, jojoba seed was crushed as previously, 2 grams were extracted
with 20 milliliters distilled water. The extractions lasted from 3 to 50 hours. The meal
was removed by filtration and the freezing spectrum of filtrate was determined. When
the filtrate was evaporated, about 50 milligrams of water soluble material were left.
Figure 3 shows the data for jojoba seed meal (A) and also material extracted from the
peach (B). Both extractions lasted 19 hours. The effect of the inhibitors on AgI also was
determined. The AgI precipitate was prepared by adding 1.00 milliliter of a .00597 M
solution of AgNO3 to a 100 milliliter volumetric flask diluting to a total volume of about
98 milliliters. Then, 1.00 milliliters of a 0.0606 M solution of KI was added. The
resulting solution and silver iodide precipitate was diluted to 100.00 milliliters and was
used in freezing experiments.

The freezing spectra were determined by adding 2 milliliters apricot pit extract to 5.0
milliliters of the AgI suspension. The blank was determined after adding 2.0 milliliters
distilled water to 5.00 milliliters of the AgI suspension. Figure 3 shows the freezing
spectrum of the AgI blank, and the apricot extract with AgI (C).

The ice nuclei active bacteria were grown in sterile solutions of Koser citrate (5.7
grams /liter) as described by Maki et al (2). The biogenic inhibitors were extracted from
2 grams of crushed peach pits. The crushed seed material was extracted with the sterile
Koser citrate medium; after filtration the resulting solution was used. All dilutions of
the active bacteria solutions were done with sterile Koser citrate medium, and all
solutions used in freezing tests were prepared so that the only difference was the
biogenic material. Bacterial counts were done using plating techniques. All freezing
tests were performed using the drop freezing method as described by Vali (23).

The results of our study on Pseudomonas syringae are shown in Figure 4. These results
were obtained with bacterial counts of 10 cells /milliliter and about 108 cells /milliliter
after a 1:5 and 1:30 dilution, followed by a 1:2 dilution with the biogenic inhibitor. The
results shown are from freezing experiments performed about 20 minutes after mixing
the biogenic material and the bacteria. Later freezing tests showed that the inhibitory
effect was lost upon standing with only 10 percent of inhibition left in 1 hour.

The results of our study on Erwinia herbicola were similar to the Pseudomonas syringae
experiments with the following differences. The active bacterial culture had to be
diluted 1:2,000, i.e., the cell count was brought to 106 cells /milliliter before the
observation of any inhibition. Like the Pseudomonas syringae we observed less inhibition
of the warm temperature sites ( -4 C to -55 C) than the colder sites ( -6 C to -9 C). Also
the inhibitor was slightly more efficient ( -0.5 C) if the bacteria and biogenic inhibitor
were cooled before mixing.

Nature of the Inhibitor

A distilled water sample with a T503 of -8 C was treated with water -extracted peach
pits. The new T50 was now -10 C. This inhibited distilled water sample was heated to 80
C for 5 minutes. A white gelatinous precipitate formed, this was removed by millipore
filtration (3.0 micrometers), dried and weighed. About 30 milligrams of bio-organic
material per mililiter of solution were recovered. The freezing spectrum of the
supernatant liquid had a T50 of -8 C. The biogenic material can be reversibly removed
from an active nuclei site, and the site recovers its previous nucleation spectrum. This
experiment also places the biogenic inhibitor in a class of water soluble denaturable
proteins or glycoproteins. No attempts were made to differentiate these denaturable
proteins.
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Garden beans (Greencrop) Northrup King Seeds were grown in potting soil until about 7.5
centimeters high. This plants then were infected with a Pseudomonas syringae culture
containing 109 cells /milliliter. After sitting for 2 weeks these plants were used in
freezing tests. Crushed plant seed material was placed in water, 2 grams of seeds per 10
milliliters distilled water. The seed material was removed by filtration, the filtrate was
aspirated directly onto the plant. Seeds tested in this manner were lentil (green) and
jojoba. Plants were treated 3 hours before the freeze test, with a second application of
extract 30 minutes before the freeze test. These plants were placed in a cold room at -
4.0 C for 90 minutes. The plant treated with jojoba extract survived, the lentil- treated
plant froze. One untreated plant was able to survive these conditions.

Three fava beans were germinated in 10 milliliters distilled water for 72 hours. The
supernantant liquid was daubed on bean plants, which were placed in a cold room at -3.0
C for 2 hours. Both plants suffered severe frost damage.

DISCUSSION

This research is of interest in two areas: in atmospheric ice nucleation studies; and in
agricultural frost protection.

The suppression of freezing at the warmer temperatures indicates that the activity of
the existing nuclei is being changed. Reischel and Vali (24) report similar changes, but
only with concentrations far in excess of what we report. The small quantities of the
inhibitor needed to produce an effect strongly suggest that the inhibition is the result of
the adsorption of the inhibitor either on the active site, thereby deactivating it, or on
the ice embryo, inhibiting its future growth into a crystal. Our present experiments have
not allowed us to distinguish between these two hypotheses.

Schnell and Vali (18) relate biogenic ice nuclei activity to the climate zone of the
biogenic source. In general, the better nucleators originate in colder climate zones. We
suggest the property of noncolligative freezing inhibition may be closely related to the
ice nucleation processes. Indeed, Yeh and Feeney (22) who have investigated the
properties of anti- freeze glyco proteins and anti - freeze proteins, openly suggest that at
slightly colder temperatures non -colligative anti -freeze materials may behave as ice
nucleators and that non- colligative ice nucleation inhibition involves the formation of
embryonic ice nuclei that are inhibited from further growth. If such a relationship
exists, then the regions where there is a high production of biogenic ice nuclei also may
produce inhibitors.

Although we have only demonstrated the existence of inhibitors in seeds it is highly
probable that they exist in other parts of plants although the concentration may vary
with the particular part as well as with its stage of growth. A particle containing a
small amount of this material, which was present in a drop of water, could affect the ice
nucleating activity of other particles in the same drop. Thus, the problem of getting a
true ice nucleus count is greatly complicated.

Although an experiment could easily be designed to measure any degree of inhibition of a
known nucleator due to substances present in an atmospheric aerosol, we know of no
attempts to do so. Some existing results like the volume effect found when measuring
ice nuclei using filter techniques certainly suggest that some form of negative
interaction occurs in nature. In light of the present results, it seems that further
experiments to clarify the role of atmospheric inhibitors are in order.

The significance of this paper for cloud physics lies in the demonstration of changes in
the ice nucleating ability of some natural materials. This includes those changes caused
by substances that, when present in minute quantities, inhibit nucleation at warmer
temperatures and enhance nucleation at colder temperatures. Also, it suggests specific
areas in which current ice nucleus measurements are deficient. First, not enough
attention has been paid to the dynamic character of ice nuclei; a poor nucleator can
become a good one and then reverse in a matter of hours. Second, we are not aware of
any measurements that have been conducted specifically to evaluate the freezing
inhibition characteristic of the atmospheric aerosol. It may well be that the variation of
inhibitors in the atmosphere contributes in a significant way to variations in the total ice
nucleus spectrum, especially at warmer temperatures.
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The most obvious result of the bacterial experiments revealed that the biogenic inhibitor
could influence the ice nuclei active site on ice nuclei active bacteria as well as on silver
iodide, indicating that there may be certain similarities between inorganic and organic
ice nuclei sites (25).

Our data indicate that both types of bacteria have two types of nucleating sites. One
type of site is active at warm temperatures, -1 C to -5 C, the other is active dt -5 C to
-10 C. The cold temperature site was easier to inhibit than the warm temperature site.
Lindow (14) has demonstrated a first order kinetic relationship between the two sites.
One warm temperature site is converted to one cold temperature site. Since the cold
temperature site will survive cell breakup identification of this site and knowledge of the
physio-chemical change to the warm site should allow identification of this site (14).

The ice nuclei activity of these bacteria appears to be at a specific site, it could
selectively absorb a specified material. There is a class of biogenic materials that Gold
and Balding (26) called receptor -specific proteins, or in some cases lectins, which react
with specific sites on cell surfaces. These materials cause specific reactions, most
commonly agglutination of cells or clumping. However, other reactions of these
materials also have been shown (27). In some cases the specific effect of these receptor
specific proteins can be reversed (the complex disassociated) by adding an excess of the
sugar found in glycoproteins found in the binding site (28).

These preliminary results suggest that the ice nuclei active bacteria could produce a
receptor- specific protein that effectively caps the active sites, at least temporarily.
However, other explanations, like direct metabolic incorporation of galactose into the
active site, are possible. Receptor- specific proteins can be isolated and their structure
identified. Since the structure must relate to a specific receptor, such identifications
have been used to investigate receptor sites (26). These proteins are a sensitive
analytical tool for investigating cell surfaces. Schnell and Kosloff (29) also have shown a
specific receptor protein that binds to the active bacteria and inhibits the ice nucleation
site. These biogenic receptor -specific materials may be the key to unlocking the secrets
of the most active ice nuclei site known to science.

The receptor - specific proteins that have been found in fava beans and lentils will
completely inhibit in vitro bacterial ice nucleation (29). These proteins (lectins) bind to
either glucose or mannose. However, tests on living plants have not produced significant
frost protection. The problem is that Pseudomonas syringae produces a polygluco uronic
acid slime layer that protects the bacteria on a plant surface from foreign materials,
including antibiotics, virus attack and some chemical attack. It appears that part of the
solution for agricultural frost protection would involve finding a transport agent across
this slime layer.

The question we ask is: Has any plant found a method of frost protection by inhibiting
the bacteria from nucleating? If so, these protecting agents could be collected and used
on other plants.

In experiments aimed at this question, we used supernantant liquid surrounding
germinating seeds or crushed seed materials. Schnell and Kosloff (29) used only purified
lectins. We feel this is only part of the answer. Fava beans and lentils failed to give
significant frost protection at -4.0 C when tested on growing bean plants, but the plant
treated with jojoba extract did survive this test. By itself, this test is not significant but
does encourage further experimentation.

SUMMARY

This study of the effect of biogenic materials on ice nucleation may be important in two
areas, atmospheric processes leading to precipitation and in agricultural frost protection.
Jojoba seed may contain substances that inhibit ice nucleation by the ice nuclei active
bacteria Pseudomonas syringae and Erwinia herbicola and may be useful in agricultural
frost protection.
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CYTOGENETIC STUDIES IN RELATION TO BREEDING
SUPERIOR CULTIVARS OP JOJOBA

Prem P. Jauhar
U.S. Agri Laboratories, Riverside, California

ABSTRACT

Although jojoba is a polyploid with 2n = 4x = 52 chromosomes, it has remarkable regular,
diploid -like meiosis and consequently high pollen fertility. This is a welcome feature
from the breeding standpoint. Polyploid status, excessive nucleolar material at meiotic
prophase (and hence high turnover of ribosomal RNA), asynchrony in meiotic stages, and
light and buoyant pollen grains with high thermal resistance are features of adaptive
value and probably make jojoba successful under hostile, desert conditions. Whereas
some problems of jojoba improvement can be better tackled by physiological or chemical
means, a real and significant genetic improvement can be brought about by breeding
methods. Thus, the problem of ovule abortion and floral abscission can be best tackled
by good pollination management and by hormonal applications.

Although production of superior hybrids by using inbred lines is a tedious and long -range
program, rapid exploitation of hybrid vigor by producing hybrids between geographically
diverse populations is a distinct possibility. Certain specific characters, e.g., tree -like
habit, short duration, simmondsin -free crop, might be introduced into superior cultivars
more easily by mutation breeding rather than by lengthy, conventional breeding
programs. Once a useful somatic mutant is obtained, it may be multiplied by vegetative
propagation. Jojoba also may be improved by parasexual means. Genetic reprogramming
of jojoba through a multidisciplinary approach may make this desert bush an
economically viable crop.

INTRODUCTION

Modern agriculture centers around crops domesticated by the early cultivators under a
myriad of cultural contexts. In fact, very few new species have been domesticated in
the last several thousand years. Fortunately, jojoba has the potential of being
domesticated. It is a polyploid, perennial, evergreen species with 2n = 4x = 52 small
chromosomes (1, 2). Because of its unique, high quality oil, this miracle plant has
attracted world -wide interest and promises to become a new oilseed crop.

Although jojoba has a great potential as a renewable source of energy, superior
genotypes are not now available. Wild populations continue to be the main source of
seed for new plantations. The genetic improvement of jojoba, therefore, cannot be
overemphasized. In this paper I will describe certain cytogenetic features of jojoba and
will discuss their relevance to breeding superior cultivars.

POLYPLOID STATUS

Many of our commercial crop plants owe their success to polyploidy. Their diploid
progenitors are either extinct or, if living, cannot compete with them. Of the different
types of polyploids, allopolyploids are preponderant in nature because they enjoy the
benefits of polyploidy as well as hybridity; hence, they are better adapted to diverse
climatic conditions.

By virtue of the genetic buffering caused by its allotetraploid nature, jojoba seems to
have become adapted to adverse climatic conditions. The biochemical versatility of
coadapted parental genomes in natural polyploids is believed to contribute to their
selective advantage and fitness (3, 4). Although polyploids are not easily amenable to
genetic reprogramming, particularly by mutation breeding, jojoba does not offer any
particular disadvantage in this regard (see section on mutagenesis). Because of its
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diploid -like meiosis, it should show disomic inheritance at several loci, which would help
create new genetic variability through the use of different mutagens.

DIPLOID -LIKE MEIOSIS

Although jojoba is a polyploid with 52 chromosomes, it has remarkably regular, diploid -
like meiosis (Figures 1, 2). Generally, 26 bivalents are formed at diplotene, diakinesis
and metaphase I. Karyotypic asymmetry (Figure la) is reflected in the formation of
bivalents of widely different sizes (Figures ld, e, f). Some bivalents formed by larger
chromosomes are ring -shaped with two chiasmata, whereas small bivalents are invariably
rod -shaped with one chiasma each. Mean chiasma frequency per cell in different
populations in Riverside, California, and adjoining areas varies from 30 to 42.
Subsequent stages of meiosis, i.e., prophase II, metaphase II, anaphase II and telophase II
are also very regular (Figures 2a, b, c, d).

Regular meiosis results in high pollen fertility. Nearly 95 percent of pollen is stainable
(Figure 2f) with 0.5 percent cotton blue in lactophenol and, therefore, is fertile. In
jojoba there is a very good correlation between pollen stainability and pollen fertility.
This is a welcome feature from the breeding standpoint.

Although a typical diakinesis generally has a single nucleolus (Figure 1d), adventitious
nucleoli are frequently observed at pre -diplotene stages (Figure lc). Up to 13 nucleoli of
different sizes were observed in some accessions of jojoba. The significance of excessive
nucleolar material at early meiotic prophase is not known. However, it is likely that a
large turnover of ribosomal RNA makes jojoba adaptable to adverse conditions.

FEATURES OF POLLEN GRAINS

There is a marked asynchrony in meiotic stages in pollen mother cells (PMCs) within and
between anthers of the same floret. Whereas one anther shows as early as pachytene
stages, other anthers of the same floret may show metaphase II or even stages as late as
the end of telophase II. Asynchrony in meiotic stages is most unusual for a species with
diploid -like chromosome pairing. It is probably of adaptive value for a desert, dioecious
species like jojoba from the standpoint of regular supply of pollen grains for an extended
period of time.

The pollen grains are spheroidal in shape with mostly three germ pores (Figures 2f, 3) and
they normally remain shrunken. Shrinkage must make them more buoyant and help their
dispersal to long distances. This is another very desirable feature from a breeder's
standpoint and for planning a new plantation. I feel that one male for every 15 to 20
female plants should fulfill the pollination requirements.

On exposure to a little moisture or a drop of stain, the pollen grains become inflated
instantly. This is probably the mechanism by which they germinate by taking moisture
from the stigmatic surface.

Jojoba pollen shows remarkable resistance to high temperatures. After a prolonged
exposure to 60 C in an incubator, the pollen grains swell up and stain very well with
cotton blue and are probably viable. However, the viability of heat -treated pollen should
be tested by culturing them in vitro or by observing seed set obtained by pollinating
female flowers. Resistance of pollen to high temperatures is probably an adaptive
feature that aids the perpetuation of jojoba by seed formation even under unusually hot
conditions.

EXPLOITATION OF HYBRID VIGOR

Heterosis breeding is admittedly one of the most efficient means of increasing crop
yields. Systematic production of superior hybrids in dioecious plants like jojoba is not
easy because of the difficulty of producing inbred lines. It is interesting to note that
several hermaphroditic plants of jojoba have been observed in different areas of its
natural distribution. Production of inbreds from naturally occurring hermaphroditic
plants (Figure 4) may be tried.
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An alternative method of producing inbreds would be through selfing after reversing the
sex (with chemicals) on some branches of a male or female plant. Sex reversal has been
brought about in some plants using different chemical agents (5).

Although production of superior hybrids using inbred lines is a long -range program, rapid
exploitation of hybrid vigor by producing "synthetics" from geographically- diverse
populations is a distinct possibility. For this purpose we would need to polycross plants
from different geographical and ecological regions. The bulked seed from a polycross
block will form a synthetic and would be expected to be superior to the parental
material.

OVULE ABORTION AND ABSCISSION OF FEMALE FLOWERS

Ovule abortion leads to failure of seed set and can pose serious problems for jojoba
growers. Abscission of female flowers can further complicate the situation; between 5
and 30 percent of the female flowers abscise either before or after fertilization. The
stigmas generally remain receptive for 3 days and if they fail to receive pollen during
this period, the ovules remain unfertilized and eventually abort. In many cases the
female flowers also may abscise.

In some cases, there is swelling of the ovaries with or without pseudogamous stimulus
from pollen. Several of such prematurely developing capsules are empty; aborted and
shriveled ovules are present inside the ovaries. Such a parthenoearpic fruit development
was common in jojoba in 1983, probably because good pollen was not available.

There is a genotypic variation in the extent of ovule abortion and floral abscission. Thus,
genetic factors are probably involved and it may be possible to exercise selection for
genotypes showing low rates of ovule abortion and floral abscission.

Another means of circumventing ovule abortion will be through proper pollination
management. Male and female plants showing synchrony in flowering pattern should be
planted together for proper and adequate pollination and seed set.

Abscission of fertilized female flowers also can occur and is probably caused by some
intrinsic (nutrient or hormonal deficiencies) or extrinsic (environmental or climatic)
factors. The best means of overcoming abscission will be by chemical means.
Application of different concentrations of benzyladenine (made into a paste with lanolin)
to flower pedicels should be tried. Different formulations of hormones and growth
regulators, like gibberellic acid, also may be sprayed at intervals starting with the
initiation of floral primordia.

When the female bushes are bearing fertilized embryos, they must have optimal levels of
nutrients for full growth of these embryos to produce high seed yields. (A female plant
at this stage is comparable to a pregnant woman who needs extra nutrition for the
growth of her unborn baby.) However, at this stage of growth, the bushes have a very
deep root system and nutrients applied through the soil are not likely to be available to
the plant. Moreover, some of the most important micronutrients, e.g. zinc, manganese
and copper, cannot be effectively supplied to several California and Arizona fruit trees
by soil applications because these elements are fixed in forms that are not readily
available to the trees (6). Under such circumstances nutrient deficiency should be
corrected through foliar fertilizer applications.

Foliar fertilizing has been successfully tried on some horticultural plants like citrus fruit
trees (7, 8). However, jojoba, being a xerophytic plant, has a thick cuticle on the leaf
epidermis that may hinder the penetration of nutrients. Use of surfactants like L77
Silicone or carriers like dimethyl sulfoxide may help deliver different macro- and micro-
nutrients through the sunken stomata on the leaves of jojoba (Figure 5). The stomatal
openings can serve as small mouths for feeding nutrients. Foliar spraying should be done
when most stomata are open. If an effective formulation is found it would help increase
jojoba seed yields. The first foliar application of fertilizer should be made before the
onset of flowering.
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Figure 1. Somatic and meiotic chromosomes of jojoba.

a. Somatic chromosomes from a root -tip cell.Some chromo-
somes are considerably larger than others, making the kary-
otype asymmetrical.

b. A microsporocyte at leptotene.Chromosomes have thread-
like appearance.

c. Early pachytene showing well paired chromosomes, chro-
mere patterns and adventitious nucleoli.

d. Diakinesis showing 26 bivalents (2611). Arrows point to
distinct size differences among bivalents.

e. Metaphase I with 26 II arranged on the equatorial plate.
Note ring- and rod -bivalents,some are undergoing anaphasic
separation.

f. Polar view of metaphase I with 26h.

g. Anaphase I showing 26:26 separation of chromosomes.

h. Telophase 1 showing normal disjunction of chromosomes
to the poles.
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Figure 2. Stages of second meiotic division, and pollen grains of
jojoba.

a. Prophase II with two polar nuclei with diffuse chromatin
and one nucleolus each.

b. Metaphase Il showing equatorial alignment of chromosomes.
Two spindles are clearly organized in the same cell (before cy-
tokinesis).

c. Anaphase II showing normal separation of chromatids.

d. Telophase II with four daughter nuclei in the same cell due
to absence of cytokinesis after completion of divisions I and II.

e. Four microspores resulting from double cytokinesis after
telophase ILIsobilateral tetrads are generally formed,but tetra-
hedral type as shown is not uncommon.

f. Mature pollen grains stained with 0.5 percent cotton
blue. Most grains have three germ spores. A large pollen
grain seems to have resulted from fusion of,or cytomixis be-
tween, three pollen grains.
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Figure 3. Scanning electron micrograph of jojoba pollen
grains. Some grains are shrunken. Arrow points to three
germ pores.
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Figure 4. Branch of a naturally occurring hermaphroditic jojoba
plant.
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INDUCED MUTAGENESIS

Jojoba is not a favorable organism for mutation breeding because it would take several
years to raise an M2 generation. However, somatic mutations may be induced by
different mutagenic agents. Once a useful somatic mutant is obtained, it may be
multiplied by vegetative propagation. Desirable mutants also may be duplicated by
micropropagation. Such a technique of improving jojoba is preferable to the lengthy
conventional breeding program, when certain specific characters like tree -like habit,
short duration crop, etc. are desired to be introduced. The genetics of the presence of
alkaloid simmondsin is not known, but it would be worthwhile attempting to detoxify
jojoba meal through induced mutagenesis.

Before embarking on a radiation breeding program, initial studies were undertaken to
determine the LD50 dose of gamma rays. Seeds were exposed to 25 kR, 50 kR, 75 kR
and 100 kR 60Co gamma rays at the Crocker Nuclear Laboratory, University of
California, Davis. The intensity of irradiation was 9.7 rads /second. Studies on seed and
early seedling mortality have shown that 25 kR is the LD90 dose for jojoba, whereas the
higher doses are absolutely lethal (Figure 6). Thus, jojoba shows much less
radioresistance than several other oilseed crops. This is probably due to its large seeds,
which have a large proportion of embryo area that serves as the target for gamma rays.

Subsequently, seeds were treated with milder doses of gamma rays (5 kR, 7.5 kR, 10 kR,
12.5 kR and 15 kR). I have found that 15 kR is the LD40 dose and some chlorophyll
mutations (albina and xantha) can be induced by this dose (Figures 7, 8). Thus, I would
suggest that in a mutation breeding program on jojoba, doses between 15 kR and 30 kR
gamma rays should be administered to seeds. In addition to physical mutagenesis,
chemical mutagens like ethyl methane sulphonate (EMS) and supermutagens like nitroso
methyl urea (NMU) should be tried. With different mutagenic treatments it may be
possible to induce desirable somatic mutations in jojoba, which may be duplicated by
micropropagation.

OTHER GENETIC MEANS OF IMPROVING JOJOBA

Because of the long sexual generation cycle of jojoba, it may be desirable to make
hybrids by parasexual means also. Protoplasts are enzymatically isolated from
genetically diverse populations and are fused in the presence of polyethylene glycol
under laboratory conditions. The fusion products, i.e., somatic hybrids, are then cultured
under suitable conditions to produce hybrid plants incorporating the characters of
parental genotypes. However, such hybrids will be amphidiploids with twice the
chromosome number (2n = 8x = 104).

To produce diploid somatic hybrids, haploid protoplasts must be isolated from
reproductive organs. Fusion of two haploids will restore the normal diploid number, 2n =
52, as in the fusion of sexual gametes.

Another worthwhile approach will be to bring about in vitro fertilization of ova by
injecting desirable pollen from superior genotypes into the ovaries of selected cultivars.
In vitro culture of such hybrid embryos could provide an elegant means of making sexual
hybrids in the test tube.

If such sexual or parasexual hybrids can be successfully cultured on a large scale,
selection may be exercised at the cellular and plantlet levels for certain desirable
characteristics like cold and salt tolerance. In fact, a large scale screening cannot be
done easily under field conditions. Salt and cold tolerant jojoba hybrids would be
welcome for cultivation on certain barren lands in cold regions.

CONCLUSION

Although the potential of jojoba as a renewable source of energy has been known for a
long time, no systematic multidisciplinary attempt has been made for its improvement.
Genetic reprogramming of this desert bush would be essential for a maximal exploitation
of its unique qualities. It is hoped that through further research using cytogenetic,
physiological and biochemical tools, jojoba will emerge as an economically viable crop
that can play an ever -increasing role in the welfare of man.
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Figure 8. A chlorophyll mutant (albina) induced by kR gamma
rays with an untreated control. Both seedlings are 4 months
old.
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ABSTRACT

Concentration of atmospheric jojoba pollen in a native stand was monitored continuously
for a 5 -day period with a BurkardT 7-day volumetric pollen and spore trap during 1981.
Hourly and seasonal (daily concentration) samples were monitored with a RotorodR
impaction sampler during 1982. The study site was located in the Tucson Mountains near
Tucson, Arizona. Hourly airborne pollen concentration varied from 0 to 267 grains per
cubic meter (i = 42 + 45, + S.D., n = 89 hours). As expected, pollen levels were much
higher during daylight hours than at night. Moderate precipitation (5 to 30 millimeters)
caused pollen values to plummet for periods of at least 1 day due to rain -droplet capture.
High atmospheric pollen concentration appears dependent on high maximum daily
temperatures and low relative humidities, probably reflecting ideal conditions for anther
dehiscence. Peak pollen abundance in the air above the stand during the 1982 season
occurred from February 24 to March 6.

INTRODUCTION

Jojoba (Simmondsia chinensis, Link, Schneider) is anemophilous (wind -pollinated) and the
airborne pollen settles out of the air rapidly, falling within a few meters (perhaps 1 to 5
meters) of the male plant. This follows the characteristic leptokurtic pollen distribution
pattern observed for other anemophilous species (1). In the population we studied the
plants are rather evenly spaced with 1 to 5 or 10 meters between plants. The interplant
distance may reflect the maximum distance allowable to still maintain optimum abiotic
pollination levels.

Jojoba plants are dioecious (male and female flowers are borne on separate individuals).
The male flowers occur in nearly sessile or short pedunculate capitate clusters, while the
female flowers are normally solitary on short axillary peduncles (2, 3). The mature fruits
are coriaceous acorn -like capsules with usually one or two (rarely three) seeds per fruit
that require about 6 months to mature. Flowers of both sexes are apetalous and green
with no nectaries and no discernable odor. About 0.1 to 0.5 percent of the native plants
bear highly modified perfect flowers (4, 5). These perfect flowers probably represent the
ancestral entomophilous (insect -pollinated) floral condition in jojoba, which has become
secondarily wind -pollinated. There is no nectar produced by the female flowers, so there
is no carbohydrate reward offered to anthophilous insects functioning as pollen vectors.

Copious amounts of pollen are produced by male plants (as much as 2 to 15 grams per
plant). Honey bees (Apis mellifera L.) and native bees (Anthophora spp., Halictus spp.
and Colletes spp.) remove large quantities of pollen from male plants. This pollen is
essentially removed from the pool of pollen available for wind pollination. We believe
that the bees actually may get some fraction of the pollen into the airstream (faster
than wind -mediated takeoff) due to their landings and wing movements. This remains to
be verified by controlled experimentation. Jojoba is one of the first plants to bloom in
the early spring (February and March) in the Sonoran Desert and provides a rich bonanza
of pollen for pollen- starved honey bee colonies and also for native solitary bees who can
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use the pollen for brood provisions. Jojoba pollen also contains a far greater amount of
total crude protein (from 31 to 34 percent by micro-Kjeldahl analyses) than other
anemophilous taxa.

To date, there has been a genuine paucity of good information on the floral biology of
jojoba in the primary scientific literature. Of the 700 citations listed in a recent
University of Arizona bibliography (6) 14 mentioned pollination, six casually mentioned
pollen, but none of these contained good observations regarding jojoba's pollination
ecology. Experimental studies on wind pollination are lacking. There remain vast gaps
in our knowledge of the autecology of this plant (i.e., the viability of the pollen on the
plant or while airborne; the receptivity of the stigmas; the number of pollen grains
needed to fertilize one, two, or three ovules /fruit; the floral ontogeny for male and
female flowers; and even the distance the pollen travels from male plants).

An understanding of the pollination ecology is necessary for such important agronomic
considerations as: 1) proper ratios of male to female plants on a cultivated orchard; 2)
"optimal orchard geometry" including best plant spacing for fertilization; 3) whether
natural wind pollination can be supplemented to increase fruit yields by increased air
turbulence with fans; and 4) whether viable pollen can be collected, stored cryogenically,
and later applied with blowers to achieve maximum seed yields. These questions must be
answered if the plant is ever to become a major agricultural crop.

In this paper we will present the first published data on airborne pollen concentrations in
a natural population of jojoba. For 2 years we studied airborne pollen near Tucson,
Arizona. Our data include pollen concentration on a seasonal, daily and hourly basis for
both BurkardT (burkard) and RotorodR (rotorod) pollen traps (7). We compared airborne
pollen concentrations with maximum daily temperatures, relative humidity and
precipitation.

MATERIALS AND METHODS

Our studies were conducted in the Tucson Mountains 5.3 kilometers east of Gates Pass,
on a gentle north -facing slope. The site is just west of Tucson, Arizona, and is located in
an extensive stand of jojoba with only scattered homes nearby. Other dominant plants on
the site included: ocotillo (Fou9uieria splendens), saguaro (Cereus gi anteus), little -
leaved ratany (Krameria parvifolia), malpigh (Janusia gracilis triang au rr lea bursage
(Ambrosia deltoidea , Indian -wheat ( Plantado insularis),, and numerous grasses
(Gramineae) and sunflower types (Compositae) (nomen cue after 8). Of these plants,
the bursage, grasses, and Indian -wheat are also anemophilous and some individuals of
these species were shedding pollen during our studies.

From March 19 to 24, 1981, a burkard 7-day recording volumetric spore trap was placed
at canopy height (about 0.5 meter) in a dense population of jojoba at the sampling site.
This suction trap drew air at a flow rate of 10 liters per minute past a drum, which was
covered with adhesive tape. Rotation of the drum was controlled by an internal clock
mechanism moving at a fixed rate of 2 millimeters per hour. Pollen and other airborne
particulates hit and adhered to the tape as the drum rotated. Thus, the time of pollen
collection could be ascertained by their position on the tape. The adhesive that held the
pollen and other particles, was Dow -CorningR 289 silicone adhesive. The burkard trap
worked continuously and needed attention only once a week when the drums were
changed. After exposure, the tapes were removed from the drum and cut into daily
segments. The tape segments then were mounted on glass microscope slides using
glycerine jelly containing basic fuchsin to stain the pollen grains.

Pollen grains were counted and identified at 400 X magnification. For detailed
examinations of individual grains, magnifications of 625 X and 1,500 X were used. Pollen
grains were counted along transects 0.25 millimeter wide, and corresponding to 15
minute exposure periods each. Twelve transects 4 millimeters apart were counted for
each slide to obtain accurate reflections of daily pollen concentration (9). Daily pollen
concentrations for each pollen type were calculated using the following equation.
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No. of grains /m3 = Number of pollen grains 1000 liters of air /m3
15 minutes /transect 10 liters of air /minute 12 transects

From February 19 to March 28, 1982, pollen was sampled with a rotorod impaction
sampler. The rotorod sampler consisted of two "T bars" (rods) that were coated with
silicone grease. These were spun at a fixed rotation rate (ours was set at 2,000 rpm) by a
small electric motor. The rotorod, like the burkard, was placed at a canopy height (.5 to
.75 meter) about 1 to 2 meters from the nearest plants. After staining with Safranin "0"
in glycerine, a cover glass 50 millimeters in length was placed over the rods. After a
minimum of 24 hours the pollen absorbed sufficient stain to facilitate microscopic
analysis. Raw rotorod pollen values were transformed to grains per cubic meter (g /m3)
using the following formula.

No. of grains /m3 - Total pollen counted from the rod by type
(rotation rate) (constant) (minutes exposed)

1000 liters air /m3

The rotation rate equals 2,000 rpm; the constant equals 0.50 (10); and the minutes
exposed equal 10 percent of the total time the rods were mounted in the pollen trap.

Exposure time varied for different rotorod samples. Hourly samples were taken using
the rotorod only on March 4 and 5, 1982. The sum of all hourly concentrations
determined the daily pollen concentrations for these days. When monitoring hourly
pollen concentration the rods were changed during the daylight hours every hour. One
sample was taken for the night hours. During the rest of the sampling period, the rods
were changed at 24 -hour intervals except on the weekends when they were exposed for
72 hours. Time control for the rotorod sampler is solely dependent on the time when the
rods are changed by the operator. This is the major drawback to the rotorod sampler.
Hypothetically the exposure time component of the above equation accommodates this
difference. Further information regarding limitations of both pollen traps can be
obtained from Ogden et al (11).

Precipitation and maximum and minimum temperature data were collected using a
hygrothermograph placed in a standard white weather instrument shelter. Supplemental
weather information was provided by Jonas Paes de Oliveira (University of Arizona Plant
Sciences Department) who operated a weather station approximately 2 kilometers from
the study site.

RESULTS

Table 1 contains the daily pollen concentrations for all pollen types obtained using the
burkard sampler from March 19 to 24, 1981. Pollen from 14 plant types, besides jojoba,
were collected. Daily pollen concentration values ranged from 0 g /m3 of air for several
pollen types to 1,128 g /m3 for jojoba. For individual types, pollen concentration ranges
were 89 to 288 g /m3 in bursage, 14 to 233 g /m3 in grass, 13 to 425 g /m3 in mulberry
(Morus alba) and 69 to 1,128 g /m3 in jojoba. Total pollen concentration values for the
entire sampling period are recorded in Table 2.

In Table 2, the 1981 burkard data for the ]S pollen types are presented as totals for the
entire 5 -day sampling period and as percentages by type of the total pollen concentration
(6,699 g/5m3). The pollen types are listed in decreasing order of abundance from 3,728
g /5m3 (55.7 percent of total) in jojoba, to only 7 g /5m3 (or 0.1 percent) in cottonwood,
cheno -am, aster type Compositae, nettle (Urtica sp.) and eucalypt (Eucalyptus spp.).
Other major pollen types were mulberry (13.2 percent), bursage (13.0 percent), grass (8.0
percent) and Indian -wheat (5.4 percent). Clearly jojoba was the dominant airborne pollen
type, since we sampled in the midst of a dense population of these plants. Many types of
pollen were from plants outside the study site.

Hourly pollen concentrations and 24 -hour sums for jojoba pollen are shown in Table 3 and
plotted (Figure 1) for the 1981 pollen data. The hourly pollen concentration varied from
7 g /m3 to 267 g /m3. A sensitized human of average allergenicity can have an allergic
reaction to only 50 inhaled pollen grains (12).
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Table 2. Pollen concentrations with burkard pollen trapping March 19 -24, 1981, at Tucson
Mountains site.

Pollen Types

Totals for Entire
5-day Period

(5 m3 air)
Percent of Total

Pollen Concentration

Jojoba (Simmondsia chinensis) 3,728 55.7

Mulberry (Morus alba) 881 13.2

Bursage (Ambrosia type) 870 13.0

Grasses (Gramineae) 533 8.0

Indian -wheat (Plantago sp.) 364 5.4

Cypress (Juniperus sp.,
145 2.2Cupressus sp.)

Ash (Fraxinus sp.) 60 0.9

Legume 1 (Leguminosae) 49 0.7

Paloverde (Cercidium type) 20 0.3

Pine (Pinus sp.) 14 0.2

Cheno -Am (Chenopodiaceae, Amaranthus type) 7* 0.1

Aster type (Hi Spine Compositae) 7 0.1

Nettle (Urtica sp.) 7 0.1

Eucalypt (Eucalyptus) 7 0.1

Cottonwood (Populus sp.) 7 0.1

* Values of 7 g /m3 were derived from a single pollen grain representing the pollen type in
the raw pollen count
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The grand mean for the hourly data should be compared to the graphical presentation of
hourly pollen concentration (with periods of day and night and precipitation information)
presented in Figure 1. Note that in every case, abundance of airborne pollen is always
greater during daylight hours. Minimum values always occur at night since air masses
are generally less turbulent at night and particles settle rapidly out of the troposphere at
this time (13). Jojoba pollen reached a daily maximum (1,128 g /m3) on March 20, 1981.
Subsequent daily maxima were 835 g /m3 on March 21, 535 g /m3 on March 22, and 641
g /m3 on March 23. The highest hourly (267 g /m3) and daily (1,128 g /m3) pollen
concentration values for jojoba pollen occurred on March 20 just before two rainstorms.
Following the rainy period the jojoba pollen concentration fell precipitously until pollen
was present in negligible amounts (only 7 g /m3 /hour). Airborne pollen abundance was
severely depressed for at least 18 hours after these two storms. Other authors have also
noted this "washout" phenomenon (13, 14, 15).

The daily cumulative jojoba pollen concentrations (g /m3) during 1982 using the rotorod
impaction sampler with precipitation and temperature data for the period are shown in
Figure 2. These data also show the effect of rainstorms. Pollen concentrations were 3
to 4 g /m3 to 6 g /m3 at the beginning of the period, and dropped to 0 g /m3 on February
24 (due to precipitation). On March 11, pollen concentration reached 5 to 6 g /m3 but fell
to less than 1 g /m3 due to rain on March 12, 1982.

As shown in Figure 2, pollination had started by February 19, 1982, with a peak bloom
between February 26 to March 4, 1982. At the end of the bloom on March 28 almost no
anthers shedding pollen remained on the plants.

In Figure 3, we have plotted 3 -day running averages for jojoba pollen concentration for
the sampling period. Periods of precipitation are indicated. We also have fitted an
idealized curve for daily pollen concentration. The curve reflects a negatively skewed
Gaussian distribution with a long tail in the positive X direction. The asymmetry is due
in part to the initial sampling date, which was a few days after the earliest bloom in this
population. However, the curve probably would have been skewed even if we had begun
sampling earlier in the season, since the plants initiated blooming more rapidly than they
terminated flowering. This smoothed curve probably represents what the jojoba pollen
concentration would look like without the perturbing influence of weather fluctuation
(i.e., precipitation and variability in the wind speed and direction). The maximum period
of pollen concentration occurred between February 26 and March 4, 1982, and
corresponds to peak flowering in the stand, as noted.

In Figure 4, we have plotted hourly pollen concentration values for jojoba pollen on
March 4 and 5, 1982, collected with the rotorod sampler. Pollen concentrations
exceeded 100 g /m3 on the morning of March 4, but rapidly fell to 0 g /m3 by 10:30 a.m.
on the same day. There was a general trend for the pollen to increase with increasing
ambient temperatures and decreasing relative humidity, but we did not pursue this
matter further.

DISCUSSION

Burkard and rotorod samplers were used to record pollen concentrations in a natural
population of jojoba. The sticky tape within the burkard sampler was rotated
continually, thus, no single hourly exposure actively captured particulates for more than
15 minutes. In the rotorod sampler the greased rods rotated only 6 minutes of each hour,
and the rods were not overloaded with particulates. Daily pollen concentration values
were lower for the rotorod sampler than for the burkard sampler because after the
adhesive coating became saturated with particulates pollen grains simply hit the rods and
bounced off (11). Basic patterns for each trap type were comparable, but the pollen
concentration values provided by the burkard sampler were more accurate than those
provided by the rotorod sampler for extended periods of time.

Our findings are very important to the general understanding of wind pollination in this
plant. During peak bloom in a natural jojoba stand, minor fluctuations in weather
conditions can affect daily pollen concentration patterns and the pattern of pollen
concentration can vary between days (Figure 4). On March 4, 1982, concentration was
highest at dawn and noon, and fell off during mid -morning. We interpret this as a
response to early morning wind systems caused by differential heating of the valley floor
and the mountain tops (16). The mid -morning is somewhat calmer after the valley floor
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has been heated. The lower mid -morning pollen concentrations probably resulted from
lower wind speeds. Pollen concentrations were highest at noon although anther
dehiscence occurred 2 hours earlier.

On March 5, 1982, early morning pollen levels were low at dawn (Figure 4). Perhaps the
valley did not heat up as rapidly, resulting in lower wind speeds at dawn. As on March 4,
anther dehiscence and flowering resulted in a noon pollen peak. March 21, 1981, (Figure
1) has a pattern similar to that of March 4 and March 5, 1982 (Figure 4). March 19, 20,
and 23 have different patterns. Differences in daily convective wind patterns account
for some of the differences in the hourly pollen concentrations we have found. At this
time, we have no wind data to support this contention.

The effects of precipitation on hourly pollen concentrations can best be seen in Figure 1
(March 20, 1981). Mid -morning precipitation depressed daily pollen concentrations from
267 to 0 g /m3 within 2 hours of the onset of rainfall. The washout phenomenon is
responsible for the initial concentration reduction; however, low concentrations lasted up
to 18 hours after the rain. Cooler temperatures following rainfall may slow or impede
anther dehiscence and pollen release. Water balance within anther filaments also may
play an active role in dehiscence. See Schmid (17) and Schmid and Alpert (18) for a
review of this possibility, and the eariler hypothesis by Burck (19). No data have been
collected regarding intrafloral water balance in jojoba.

Sharp and Chisman (20) report that relative humidity and air temperature on clear sunny
days are the principal factors controlling pollen dispersal in white oaks (Quercus spp.).
Others report that time of anthesis and light intensity also influence dehiscence 21). On
sunny warm days, we observed anther dehiscence of jojoba from 8:00 a.m. to 10:00 a.m.,
but on rainy days dehiscence was impeded. Prolonged periods of cold or rainy weather
during the flowering season of jojoba can stop flower development in the bud stage.

Our observed daily concentrations of jojoba pollen (from 69 to 1,128 g /m3) are
comparable to published aerial concentrations for other anemophilous plants. O'Rourke
found high concentrations of 7,917 g /m3 for mulberry pollen and 590 g /m3 for ragweed
pollen (22).

Two questions regarding jojoba pollination must be answered for jojoba growers: 1) what
is the proper ratio between male and female plants per hectare; and 2) what is the
optimal orchard geometry that will maximize pollination and seed yields. To answer
these questions we are currently determining: 1) how long the pollen remains viable both
on the plant and in the air; 2) when stigmatic surfaces on the three styles of the female
flowers are receptive; 3) how far the pollen travels from the male plant in its leptokurtic
fallout pattern; 4) how many pollen grains are required to pollinate and subsequently
fertilize one, two or three ovules per flower; and 5) if hand -collected pollen can be
cryogenically stored and used later in mechanical blowers to supplement natural wind
pollination.

Jojoba seems to be an evolutionarily young taxon based upon its tremendous genetic
heterozygosity and large interpopulation phenotypic variation. It can be regarded as a
specialized taxon, if not a remnant of an earlier flora. Jojoba has similarities to the
Buxaceae, which can largely be attributed to secondarily derived specializations of the
genus either for its xeric habit, or for its recently acquired (in evolutionary time)
reliance on wind as a pollen vector. In all probability the hermaphroditic flowers we
encounter rarely in jojoba could be similar to the original insect -pollinated perfect
flowers this species might have possessed milions of years ago.
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ABSTRACT

Weanling mice of the Charles River strain CD -1 were fed five dietary treatments for 3
weeks: 1) a control soybean; 2) 5 percent jojoba meal; 3) 10 percent jojoba meal; 4) an
isolated simmondsin compound; and 5) control diet pair -fed at intake levels equal to
either the 5 percent jojoba meal or isolated simmondsin diets. The first four dietary
treatments were fed ad libitum. Mice were weighed once weekly while the feed was
weighed twice weekly. Treatment differences in depressed weight -gain and feed intake
were found in mice fed the experimental diets for 3 weeks. The same mice were used in
the breeding experiments. They were placed on standard laboratory chow for the
remainder of the experiment. Feed and water were supplied ad libitum. The mice were
housed in individual cages until paired for breeding. Several crosses were made between
males and females from the same dietary treatment vs. crosses between males and
females of different dietary treatments. Results of the breeding study showed adverse
effects as indicated by the lowered reproduction and final adult weights of the mice.

INTRODUCTION

Many wild animals like rodents, deer, other browsing animals and several large birds feed
on jojoba seed (1). The pocket mouse, Perognathus baileyi, is associated with the desert
area where jojoba grows (2). A pocket mouse captured and fed the jojoba seed and /or
meal survived for 3 weeks with minor weight losses (3). Other wild rodent species,
however, refused to eat the seeds after initial nibbles and, therefore, died.

Booth (4) fed rats a diet containing 30 percent jojoba meal, all of them died. When 10
percent jojoba meal was incorporated into the diets, the rats survived but showed
reduced growth rates. Jojoba meal diets with or without amino acid supplementations
caused deaths in weanling mice within 16 days (5), while adult mice fed the same diet
lost 25 percent body weight within 1 week.

This study was initiated to evaluate the influence of jojoba meal upon weanling mice and
to determine any residual effects upon their reproductive ability in adult life.

METHODS

The diets fed were formulated to contain 10 percent protein and 3.08 kilocalories of
metabolizable energy per gram. The jojoba meal was added at the expense of soybean
meal while keeping the diets isonitrogenous and isocaloric. The experimental diets were
semipurified using soybean meal supplemented with DL- methionine as the major protein
source.

Simmondsin was obtained and partially purified as a viscous isolate by the method of
Eiliger et al (6). Simmondsin was dissolved in ethanol and added to the diet to
approximate the equivalent concentration found in a 10 percent jojoba meal diet.
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First Experiment

Weanling mice from the University of Arizona's colony of the Charles River CD -1 strain
were used. Mice weighing between 8 and 10 grams were housed in suspended wire -
bottom cages. Water and feed were supplied ad libitum to mice except those that were
pair -fed. The dietary treatments were as follows: a) control soybean; b) 5 percent added
jojoba meal; c) 10 percent added jojoba meal; d) isolated simmondsin Lidded to control
soybean diet; and e) mice pair -fed with the soybean control diet. Twenty mice per
treatment were used, 10 males and 10 females, and they were fed the five diets for 3
weeks. The pair -fed mice were given dietary amounts ranging from 2.0 to 4.7 grams per
day. Mice were weighed once weekly; the feed was weighed twice weekly.

Breeding Experiment

Mice were removed from the experimental diets after 3 weeks and were placed on
standard laboratory chow for the remainder of the breeding experiment. Mice were
housed in single cages until time of mating. Males from the various treatments were
mated with females from other dietary treatments in a two-way factorial design with
some missing crosses. Four pairs as replicates were mated for each cross used. The
females were housed in solid bottom cages with sawdust bedding. Females were
considered mature after successive vaginal smears indicated that estrus cycling
occurred. The females were checked daily for vaginal plugs indicating mating had
occurred. The date of pairing, date of vaginal plugs, date of birth, litter weight, number
born, number weaned and average weight of pups weaned were recorded.

Second Experiment

Jojoba meal (5 percent level) was fed to female mice divided into three initial weight
groups: 8, 14 and 35 grams. The jojoba meal was fed for periods of either 6 or 8 weeks.
The mice were fed a standard laboratory chow for the remainder of the experiment,
after removal from experimental diets. The breeding techniques used were the same as
described for the first experiment. The proven -viable males from the control diet of the
first expriment were used.

The data were analyzed statistically for one -way analysis, two-way analysis of variance
and analysis of covariance (7).

RESULTS AND DISCUSSION

Weanling mice fed the jojoba meal and isolated simmondsin for 3 weeks had depressed
growth rates (Table 1). The 5 percent jojoba -meal -fed mice gained 75 percent less
weight than the soybean controls. The isolated simmondsin and the pair -fed mice showed
a 40 percent reduction in weight gain. The 10 percent jojoba -meal -fed mice were
removed from the diet after 10 days because of high mortality (Table 1); they suffered
74 percent mortality during that time. The 5 percent jojoba -meal -fed mice had 12.5
mortality, and the pair -fed mice had 5.0 percent mortality during the 3 -week
experimental period. Feed intake decreased significantly in the mice that were fed 5
percent jojoba and isolated simmondsin diets. These results agree well with other data
revealing that jojoba meal is toxic to mice and rats (8, 9, 10, 11). These various
experiments have demonstrated that jojoba meal has an unknown toxin that is lethal to
mice, but that can be water -extracted (10, 11). Levels of simmondsin and simmondsin 2'-
ferulate were very low in either the water -extracted or acetone -extracted jojoba meal
that was incorporated into mouse diets. However, the mice fed water -extracted jojoba
meal diets showed a higher weight gain. This raises the possibility that the jojoba seed
contains an additional water -soluble toxin.

Mice removed from the experimental diets were maintained on laboratory chow until
they were mated. Table 2 gives the weights of the adult male and female mice at the
time of breeding. The males from the 5 percent jojoba diet and those from the isolated
simmondsin diet were significantly smaller than the control males. The male mice never
fully recovered from the reduced growth rate experienced as weanling mice. The female
mice were not significantly different in body weights as compared with controls;
however, there was great variation in body weight within a given dietary treatment.
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Table 1. Weight gain and feed intake of weanling mice on experiment for 3 weeks.

Dietary Weight Feed Mortality
Treatment gain Intake ( %)

(grams) (grams /day /mouse)

Soybean Controls 14.4a 3.9a 0

5 Percent Jojoba Meal 3.6b 2.Oc 12.50

10 Percent Jojoba Meal -0.6* - 74.12

Simmondsin 5.0 2.6b 0

Pair -fed 5.0 1.8c 5.00

*Surviving mice removed from experimental diet after 10 days

Note: Means having different superscripts are significantly different at the 0.05 level of
probability

Table 2. Adult weights of mice fed experimental diet for 3 weeks as weanlings.

Dietary Weight of Weight of
Treatment Males Females

(grams) (grams)

Soybean Control 37.3a

5 Percent Jojoba Meal 33.0c

10 Percent Jojoba Meal 37.2ab

Simmondsin 32.80

Pair -fed 34.5abc

40.2a

39.Oa

39.Oa

36.1a

40.Oa

Note: Means having different superscripts are significantly different at the 0.05 level of
probability
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The reproductive performance of male mice in the first experiment was not significantly
different by treatment (Table 3). No adverse effect on male reproduction was
demonstrated from feeding the jojoba meal and /or the isolated simmondsin compound.

The adult female mice showed effects from receiving jojoba meal and the isolated
simmondsin (Table 4). The effect on delay in birth (time of conceiving after the
introduction of a male) was significantly different for both the 5 percent jojoba meal and
the isolated simmondsin -fed mice.

The data for the 10 percent jojoba -meal -fed mice did not agree with the other
treatments, but this probably was due to the fact that the surviving mice were removed
from the diet after 10 days. The data strongly suggest that the level of jojoba fed and
the period of time it was consumed were very important. However, the second litter
from these same females did not show differences in delay in time of birth, number born
or number weaned as the first litter. The first litter showed no differences in number
born or weaned.

The cause of delay in the period of time for the treated female to conceive is uncertain.
It could be due to a cyanide effect, simmondsin, or some other unidentified toxin present
in the jojoba seed.

In the second experiment, female mice of three different weights (8, 14 and 35 grams)
were fed a 5 percent jojoba meal diet for two time periods of 6 and 8 weeks. The
breeding weights of the mature female mice after a period of recovery and growth while
consuming laboratory chow are listed in Table 5. In the 6 -week period, the female mice
on the 8 -gram treatment showed a drastic weight difference of 27 grams for their
mature body weight compared with 41 grams for both the 14 -gram and 35 -gram
treatments. However, for the 8 -week feeding period, both the original 8 -gram and 14-
gram females failed to reach the same weight as did the 35 -gram females who had a
mature body weight of 41 grams. These data show that the original body weight of the
female mice and the length of time they are exposed to jojoba meal have adverse effects
on the size at maturity. The younger or smaller body size females were more vulnerable
to the toxins present in jojoba meal.

The number of pups born to female mice fed the jojoba meal were drastically reduced in
some dietary treatments (Table 5). The data for the 6 -week treatments showed different
means for the three initial weight groups. The number of pups born were 0, 9 and 5 for
the 8 -gram, 14 -gram and 35 -gram females, respectively. The feeding of jojoba meal for
8 weeks produced more severe reductions in the number of pups born in all three weight
groups; the number of pups born were 1, 0 and 0 for the initial body weights of 8 grams,
14 grams and 35 grams. Results are uncertain in the second experiment, in which 5
percent jojoba meal was fed, because of the small number of females used in the
breeding experiments. The number ranged from one to three females per treatment for
both the 6 -and 8 -week feeding periods. An additional experiment using more females per
treatment is needed.

Data for both experiments in which jojoba meal was fed at the 5 percent level are
summarized in Table 6. The longer period of time during which the jojoba meal was fed
caused a significant delay in breeding time for both the 6- and 8 -week mice. The delay
increased from 10 days (for the mice fed jojoba meal for 3 weeks) to a range of 42 to 98
days (for those fed the 6- and 8 -week periods). The number of mice born dropped
significantly from 15 pups for 3 weeks to 5 pups for 6 weeks and to 2 pups for 8 weeks.
A further reduction in number of mice weaned decreased significantly for all three time
periods.

The feeding of jojoba meal or an isolated simmondsin isolate affected the reproduction
of female mice. Males appeared to be unaffected. The jojoba meal caused a delay in
time of conceiving by females, and in the number of pups born and weaned. The identity
of the toxin involved was uncertain and needs to be established in future work.
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Table 3. Reproduction of male mice from first experiment.

Parameter
of

Reproduction

Previous Dietary Treatments
Soybean
Control

5%
Jojoba
Meal

10%
Jojoba
Meal

Sim-
mondsin

Pair -
fed

First Litter

8 7 8 9 10No. Born

Second Litter

10 10 11 10 10No. Born

Third Litter

11 10 8No. Born

Table 4. Reproduction of female mice from first experiment.

Parameter
of

Reproduction

Previous Dietary Treatments
Soybean
Control

5%
Jojoba
Meal

10%
Jojoba

Meal

Sim-
mondsin

Pair -
fed

First Litter

Delay (days) 5b 10ab 3b 21a 2h

No. Born 10 7 7 7 10

No. Weaned 9 7 7 6 10

Second Litter

Delay (days) 4 10 10 3 3

No. Born 10 10 12 8 11

No. Weaned 9 9 11 7 10

Note: Means having different superscripts are significantly different at the 0.05 level of
probability
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Table 5. Reproduction of female mice fed 5 percent jojoba from second experiment.

Parameters
Measured

Initial Weight Groups
Weanlings
8 grams

Young
14 grams

Adults
35 grams

Breeding Weights

26.8

29.4

41.1

32.3

40.7

42.4

6 Weeks

8 Weeks

No. Born

6 Weeks 0 9 5

8 Weeks 1 0 0

Table 6. Summary of reproduction data for mice fed 5 percent jojoba meal.

Period Delay No. of No. of
Time Fed in Mice Mice
5% Jojoba Breeding Born Weaned

Diet (days)

First Experiment

Soybean Control 5a 18a Ila

3 Weeks 10a 15a 8b

Second Experiment

6 Weeks 42b 5b 4c

8 Weeks 98b 2c 0.6d

Note: Means having different superscripts are significantly different at the 0.05 level of
probability
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ABSTRACT

Seasonal changes in water status, growth, yield, and the level of non - structural
carbohydrates were studied in jojoba plants growing under three water regimes in the
experimental plot in Beer -Sheva, Israel. Non -irrigated plants were under permanent
stress from the end of July until December. Water stress developed even in well
irrigated plants at noon. The growth rate was proportional to the amount of water given
and was maximal in the regime supplying the largest amount of water. The level of
starch in the branches and leaves increased during the winter and declined in spring -
summer, the time of fruit development and intense growth. Starch levels increased first
in the branches and later in the leaves. After harvest (mid - July), starch began to
accumulate in the leaves and more so in the branches in both non -irrigated and irrigated
plants. However, in the non -irrigated plants, the accumulation rate was higher than in
the irrigated plants. This possibly was related to the earlier cessation of growth of the
non -irrigated plants in mid -May vs. November in the irrigated ones. The pattern of
seasonal changes in soluble sugars in the leaves was inversely related to that of the
starch in all treatment groups. In the branches of all treatment groups, soluble sugars
decreased from January to September. These findings indicate that starch and not
soluble sugars correlate with changing sink -source relations in jojoba during the year in
relation to the plant's water status.

INTRODUCTION

Jojoba (Simmondsia chinensis, Link, Schneider) is well adapted to drought and can survive
water potentials of of s owl as -7.0 MPa (1). Although water -stressed plants have
considerably decreased rates of photosynthetic production compared with well irrigated
plants, they still may produce.

The pattern of use and storage of metabolites in jojoba in relation to developmental
events during the year as affected by the water regime was studied in this work with
special attention to changes in the carbohydrate level.

MATERIALS AND METHODS

Plant Material

Jojoba seedlings were planted in 1975 in the Omer plot near Beer - Sheva. The plants
were not irrigated until March 1980, when the experiment was started. In 1982 the
plants were 110 to 180 centimeters high. The soil in the plantation is a deep medium
loess, and the average amount of precipitation in the area is approximately 200
millimeters in the winter. Water content at field capacity of the soil and at the
estimated wilting point on weight basis are 20 to 21 percent and 8.5 to 9.5 percent,
respectively. The experiment was laid out in a randomized block design with four blocks
containing 20 female plants in each treatment replication.
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Irrigation

The water was applied by a trickle system. In summer 330 liters per plant wet the soil to
a depth of 60 to 70 centimeters, where about 90 percent of the roots were found. Three
water regimes were applied: 1) no irrigation; 2) irrigation every 2 months from February
to October (the first, February, irrigation consisted of 660 liters per plant; subsequent
irrigations consisted of 330 liters per plant); and 3) irrigation every month "with 330 liters
per plant.

Properties Studied

Vegetative growth was estimated by measuring the new growth of 10 branches per plant
in five plants per treatment in each block (altogether 20 plants in each water regime). In
January, the branches were tagged at their tips and the new growth and branching above
the tag was recorded. In five plants per treatment in one block, new laterals that
emerged on the 60- centimeter branch segment below the tag were recorded in October.

Yield was determined after seeds were collected, dried and weighed.

Xylem water potential in one branch in each of two plants in each replication was
measured with a pressure chamber.

Soil water content was measured using neutron scattering. The access tubes were placed
near four plants in two of the blocks of each irrigation regime.

Carbohydrate levels, starch and soluble sugars, were analyzed in leaves and branches
during the year. Six plants (the same ones on every sampling date) were selected from
one block in each treatment; one branch from each plant was sampled. The leaves were
detached from the branches. Starch and sugar contents in the leaves and twigs were
determined separately. The plant material was oven dried (1 hour at 90 C and then 48
hours at 70 C), the dry samples then were ground to powder. Approximately 50
milligrams dry samples were used to determine starch and soluble sugars. Starch was
analyzed as described by Haissig and Dickson (2), and sugars were analyzed by the
method used by Dubois et al (3).

RESULTS AND DISCUSSION

Water Status

Water potential was measured on different dates, in the morning and noon of the day
before and after irrigation was applied (Table 1). Morning water potential of non -
irrigated plants decreased from -2.35 MPa in April to -3.80 MPa in August and October.
When water potential was measured at noon, lower values were determined ( -3.38 to -
5.0). Soon after irrigation, plants irrigated every 2 months had morning water potential
values of -1.8 to -2.0 MPa and noon values of -3.4 to -3.6 MPa during the summer.
During the 2 months of water withdrawal, morning water potential dropped to a
minimum of -3.1 to -3.4 MPa and noon water potential dropped to a minimum of -4.75 to
-4.50 MPa in August and October. Monthly irrigated plants had a high morning water
potential during the whole season, but at noon during the hot months, water potential
dropped to a minimum of -4.1 to -4.2 MPa.

According to Adams et al (1) and to our own observations, water potential of -3.5 to 4.0
MPa indicates stress conditions in jojoba. Also, at this water potential, turgor
approaches zero, water deficit increases, and stomata begin to close. Therefore, we
concluded that non -irrigated plants were under water stress at noon from May until the
end of the measurements (October). From mid -July, the plants were under stress during
the whole day. In plants that were irrigated every 2 months, stress developed during the
day at the middle of every irrigation cycle from June on. Even in monthly irrigated
plants, water potential dropped to -4.2 MPa at noon in the hot summer. The plants
consequently suffered from a temporary noon water stress.

When soil water was analyzed (Table 2), it could be concluded that non -irrigated plants
used most of the available water until June. Plants irrigated every 2 months used most
of their available water during every irrigation cycle in the summer, while plants
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Table 1. Effect of the water regime on xylem water potential measured on different
dates in 1982 one day before irrigation.

Treatment
Water Potential ( -MPa)

19.4 20.5 14.6 15.7 15.8 26.8 13.9 10.10

Morning (6:15 to 7:15 a.m.)

No Irrigation 2.35 2.63 3.21 3.51 - 3.84 - 3.78

Bi- monthly Irrigation
(Feb -Oct) 1.90 - 3.06 - 3.08 - - 3.39

Monthly Irrigation 1.86 1.70 2.81 2.46 2.28 - 2.54 2.66

Noon (12:30 to 1:30 p.m.)

No Irrigation 3.38 3.78 4.44 4.88 - 5.05 - 4.95

Bi- monthly Irrigation
(Feb -Oct) 2.75 - 3.95 - 4.75 - - 4.49

Monthly Irrigation 2.85 2.50 3.48 3.75 4.19 - 4.09 3.93

Note: In summer, water potentials the day after irrigation were: morning, -1.80 to -2.00
MPa; noon, -3.40 to 3.60 MPa. In the winter and spring, the values were: morning, -1.6 to
-1.8 MPa; noon, -2.6 to -2.8 MPa.
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Table 2. Effect of the water regime on soil water content at a depth of 60 cm, measured
on different dates in 1982 one day before irrigation.

Treatment
Percent Water in the Soil (w /w)

19.4 20.5 14.6 15.7 15.8 13.9 5.10

No Irrigation 11.5 - 10.3 10.4 10.4 - 10.7

Bi- monthly Irrigation
(Feb -Oct) 19.1 - 11.0 - - 11.1 11.4

Monthly Irrigation 19.7 - 14.7 12.0 12.1 11.7 13.5

Note: Field capacity was 19 to 20 percent (w /w); wilting point was 8.5 to 9 percent (w /w)

Table 3. Effect of water regime on yield and branch elongation during March -
September 1982.

Treatment
Yield

(g /plant)a
New growth
(cm /branch)b

No Irrigation 469 18.0

Bi- monthly Irrigation
(Feb -Oct) 606 49.8

Monthly Irrigation 614 66.6

a Averages of all replications in each treatment

b The new growth above the tag and on a 60 -cm segment below the tag was
measured in five plants per treatment
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irrigated every month used approximately 80 percent of the available water during the
month.

From the above results, it seems that noon low water potential developed in irrigated
plants mainly because of negative water balance during the day as the plants recovered
during the night.

Vegetative Growth and Yields

The elongation during the year is depicted in Figure 1. Until June, the plants in all three
water regimes had a high growth rate. Growth continued in June only in irrigated plants,
and was faster in monthly irrigated plants than in plants irrigated every 2 months. The
effect of the water regime on growth was much larger when growth measurements
included new laterals emerging on 60 -cm branch segments below the tags (Table 3).
Irrigation affected emergence and elongation of new branches on older parts of the
branch more than it did in the younger part of the branch. Yields were higher in
irrigated plants than in non -irrigated ones, but the effect of the irrigation on this
parameter was smaller than on growth (Table 3). This may be because yields reflect
growth of the previous year. A larger effect of the water regime on yield is expected
next year.

Level of Non - structural Carbohydrates in Branches and Leaves

The level of non - structural carbohydrates (starch and soluble sugars) in branches changed
during the year, reaching a maximal level at the end of winter (Figure 2). The level of
both carbohydrates declined during the period of fruit filling and intensive growth, i.e.
from March to July. Until that time the water regime had no significant effect on the
carbohydrate level. From July on, non -irrigated plants began to accumulate
carbohydrates in their branches. The irrigated plants began to accumulate carbohydrates
later in the season, mainly in the fall, and at a much lower rate. The level of
carbohydrates in the leaves followed a similar pattern but with some differences: a) the
decline in carbohydrate level began later than in the branches, only after May; and b) the
carbohydrate level in the leaves was significantly lower in non -irrigated than in irrigated
plants during most of the year. In September, the carbohydrate level rose in stressed
plants and reached the value of the irrigated ones. The above -mentioned pattern of
carbohydrate changes in branches reflected mainly changes in starch content (Figure 3).
The content of soluble sugars in branches began to decline early in the year and did not
rise until October (Figure 3). In leaves, as in branches, the seasonal changes found in
carbohydrate level were mainly due to changes in starch content, which was higher in
irrigated plants than in non -irrigated plants throughout the year (Figure 4). The pattern
of seasonal changes of soluble sugars in the leaves was very different from that of the
starch content. Sugar levels declined throughout the winter until June and then began to
rise (Figure 4). An identical pattern and a similar level of soluble sugars were found in
the leaves of plants from the three water regimes.

The changes in the non -structural carbohydrates described above, especially in starch
level, seem related to developmental phenomena of the plant, mainly fruit development
and vegetative growth. During the late fall and winter, when growth is slow, starch
accumulates in the branches. Starch reserves that accumulate in the branches diminish
to a low level in the spring, when vegetative growth is very intense, and during the
period of fruit filling, which ceases at the end of June. Until intense fruit filling, in
June -July, starch content of the leaves remains rather high, but begins to diminish in the
middle of April. In stressed plants, the starch reserves in the branches at the beginning
of the season are high. Starches diminish at the same rate as those in irrigated plants
but begin to build up again immediately after harvest. Thus, it appears that stressed
plants allocate photosynthates for reserves when environmental conditions are
unfavorable for growth, as in water- stressed plants. In irrigated plants, on the other
hand, photosynthates are allocated to new growth. Carbohydrate reserves begin to build
up in the branches during the end of fall and in the winter. This pattern of carbohydrate
accumulation points to an internal control related to the drought tolerance of jojoba,
enabling the plants under severe water stress to grow in the spring and to produce seed.
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Figure 1. Effect of water regime on new growth at different times of the year (1982).
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HISTORICAL INTRODUCTION TO JOJOBA

R. Leslie Rawles
University of Arizona, Tucson

ABSTRACT

Jojoba was first cited in the literature in 1701. Various uses for the seed or oil have
been reported since then. Interest in jojoba was renewed at the First International
Conference on Jojoba and Its Uses in 1972.

INTRODUCTION

As the plans for this conference were being formulated, there was a request for a session
to introduce jojoba to the newcomers that may be present. I shall try to present some of
the history and background of jojoba from when it was first mentioned in the literature
in 1701 up to the time in the early 1970s when jojoba was "born again."

An English botanist on a trip around the world collecting plants got his sample of jojoba
mixed with samples from China. This accounts for the chinensis in the scientific name,
Simmondsia chinensis (1). Some people have argued that the name should be changed,
but what is in name? Surely a seed, the only seed that contains approximately 50
percent pure oil (sometimes called a liquid wax) would be as valuable by any other name.

As long ago as 1789 people were aware of jojoba's value. A Jesuit priest wrote about
jojoba "berries," as he called them, as a medicine purported to be a cure for cancer,
stomach aches and wounds. Native Sonoran desert people also have used jojoba oil to
cook with and as a hair dressing; a coffee -like drink was made from the seeds. In its
natural state, jojoba has been used by animals as a food supply. It is an excellent browse
plant for deer and cattle (1).

Jojoba's native habitat is the Sonoran Desert of Arizona, California and the Mexican
states of Sonora and Baja (2). In nature the jojoba plant is usually restricted to well -
drained, coarse, desert soils and coarse mixtures of gravels and clays. It may be found
growing from sea level to altitudes nearly 5,000 feet and in areas that receive as little as
5 inches of annual rainfall, where it may take 25 to 30 years for a plant to produce seed.
More often it is found in areas that receive 15 to 18 inches of annual rainfall. The jojoba
plant in the wild has a life expectancy of 100 years and may only be 2 to 3 feet tall.
They may reach 6 to 8 feet or more in the higher rainfall areas.

Jojoba is a rather nondescript, grayish -green shrub with dense foliage. Plants are either
female or male but you cannot tell the difference from a distance nor can you determine
the sex until the plant blooms. The flower buds begin to develop in later summer. In
late winter or early spring as the male bud grows it will change to a yellow color and will
release its pollen. The female flower is small and inconspicuously pale green much like
newly formed leaves. But when pollinated (jojoba is wind pollinated) it will begin to
grow. In late summer it will produce the much sought after acorn -sized jojoba seed.

Webster's Third International Dictionary defines jojoba as "a shrub or small tree of
southwestern North America with edible seeds that contain a valuable oil." Not really an
exciting bit of information except for the word valuable. It was at the University of
Arizona, in 1933, when it was discovered that the jojoba seed did not contain just another
vegetable oil, but instead a unique oil comparable to oil of the now endangered sperm
whale. It is the oil that makes jojoba valuable.

Since the 1920s there has been great interest in jojoba research at the Boyce Thompson
Southwestern Arboretum near Superior, Arizona (3). Many tests and analyses were made
there and much knowledge was gained. The native stands of jojoba were observed,
germination was studied, plantings were made and their progress was recorded. Over the
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years, many hundreds of pounds of seed were collected and distributed for testing and
evaluation of the seed and oil.

During World War II, the much publicized commercial jojoba plantation was established
by the Durkee's Famous Foods near Florence, Arizona (4). Although the Arboretum tried
to help with advice and consultation at no charge, director Gibson could only frown at
the way the plantation was developed. Many problems developed. Poor germination,
rodent and livestock damage occurred and the plantation was abandoned. Through the
years several other plantings were made like the 1962 planting at Vista, California, and
one at the University of California at Riverside (4). In the late 1950s plantings were
started in Israel (5).

For many years jojoba has been used as an ornamental, especially now in popular desert
landscaping.

In 1972, the Indian Division of the Office of Economic Opportunity reinitiated interest in
the development of a jojoba industry to improve the economic conditions on Indian
reservations in Arizona and California. This resulted in the First International
Conference on Jojoba, held in Tucson, Arizona, in June 1972. Also in the summer 1972,
Indians in Arizona and California harvested more than 87,000 pounds of jojoba to provide
a stockpile for testing and evaluation.

CONCLUSION

Interest in jojoba was renewed at the first conference. During the past 10 years jojoba
has seen a childhood of rapid, sometimes wild, eratic and unbelievable growth, with some
bad times mixed with the good. At this conference we shall be able to see the
transformation from childhood into a youthful agricultural industry with a bright future.
There will be many ups and downs, problems to solve and advancements to be made. But
I believe jojoba will join the family of economically feasible, important agricultural
crops in the southwestern United States and in many other countries around the world.
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CONSIDERATIONS IN DEVELOPING A JOJOBA PLANTATION

Carole Ann Whittaker
Hyder Jojoba Inc., Phoenix, Arizona

ABSTRACT

Since jojoba does not produce well under all conditions in which it exists in the wild,
certain factors like low temperatures, availability of water, soil type, and terrain must
be considered in selecting a plantation site. The type of irrigation system to be utilized
should be determined by soil type, the availability of water and the degree to which the
site has already been developed. Seed, seedlings, rooted cuttings and tissue culture
plantlets can be used as planting stock. The choice of planting stock is made based upon
their availability, quality and cost. Jojoba acreage currently under cultivation in the
United States is summarized.

INTRODUCTION

Jojoba is a rugged, hardy plant whose seed produces a unique and valuable liquid wax,
usually referred to as jojoba oil. Jojoba has a very large potential market of hundreds of
thousands of tons annually. As such, jojoba is capable of becoming a renewable natural
resource supplying a valuable material to the lubricant, pharmaceutical, cosmetic and
other industries. For this to become a reality, however, it is necessary to domesticate
the native jojoba plant and to grow it under cultivated conditions. There will be
subsequent sessions during the course of the conference that will discuss in detail many
of the methods involved in growing jojoba as a commercial crop. I will present a brief
overview of some of the key factors to be considered in developing a commercial jojoba
plantation.

FACTORS IN SELECTING A PLANTATION SITE

The conditions under which jojoba has learned to survive as a native plant may not be
adequate to grow jojoba on a commercial basis. A native jojoba plant may live for
hundreds of years and produce more than a million seeds in its lifetime, yet only a few of
those seeds may result in a successful new plant. Native stands of jojoba produce several
hundred tons of seed in a good year or much less in years of drought or severe cold.

The native jojoba stands are found at elevations of 4,300 feet and so are frequently
subjected to very low temperatures. Well- hardened plants can tolerate temperatures as
low as 16 F without frost damage. However, flower buds can be damaged at
temperatures in the range of 22 F to 26 F, so low temperature becomes a key factor in
selecting a plantation site. The study by Dunstone (1) indicates that jojoba may require a
period of low temperature below 64 F to break flower bud dormancy, so caution should
be exercised when planting in semitropical or tropical zones. High temperatures do not
seem to be a factor. We are growing jojoba in an area where summer temperatures
frequently reach 122 F and have seen no ill effects.

Jojoba is a drought- resistant plant and can survive several years with minimal or no
rainfall. However, it only produces seed in years of good rainfall. Furthermore, it is
frequently found growing and producing best along sandy washes that collect runoff
water. It is clear that in most cases jojoba will have to be given supplemental irrigations
to produce stable and commercial -size yields. The optimum water requirements for
jojoba are not known but it is generally thought that jojoba will require about 18 to 24
inches of water annually.

The two most important factors in selecting a plantation site are, then, temperature and
the availability of water. Soil type and terrain are two additional factors that need to be
considered when selecting a plantation site. Soils must be well drained and preferably
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not excessively high in salts. Unless manual labor is plentiful and inexpensive, terrain
should be selected that will permit machine cultivation and harvesting.

PLANTATION DEVELOPMENT

The manner in which a plantation is developed, once the site is selected, will differ
depending primarily on the method of irrigation to be used. If furrow irrigation is to be
used, the land must be cleared and graded to allow an even flow of water through the
field. The water distribution system usually consists of concrete -lined ditches, although
underground plastic pipe is sometimes used. When using drip or sprinkler irrigation it is
not necessary to grade the land other than to make it possible for machinery and
equipment to move easily through the field.

The selection of an irrigation system depends on the cost and availability of water and
the type of soil to be planted. Furrow irrigation is used primarily on land that has
already been graded and developed with a water delivery system, where soils are sandy
loam and where water is relatively plentiful and inexpensive. Where water is scarce or
soils are sandy or coarse, drip or sprinkler irrigation is usually used.

Land is prepared for planting by plowing or ripping to break up the soil, disking and land -
planing to smooth the soil, and furrowing to form planting beds. In some instances, for
sprinkler or drip irrigation, growers have bypassed these steps in land preparation
planting directly on the flat ground rather than on raised beds.

PLANTING STOCK

Almost all of the jojoba that has been planted to date has been planted with seed
selected from native plants. Good quality planting seed is large in size and is picked at
maturity directly from the plant as opposed to being picked after dropping to the ground.
Planting seed should be tested for germination and should have a germination rate of at
least 85 percent.

Jojoba seed germinates best at temperatures above 70 F and must be kept moist during
the germination stages. Planting seed directly in the ground produces the best results in
the spring when ground temperatures have risen above 70 F and in the late summer or
early fall. Excessively hot ground temperatures in the summer have been known to burn
the tips of emerging seedlings. After planting, irrigation water is applied immediately.
Germination usually begins in 5 days and plants begin to emerge in 14 to 21 days. We
have found that in our early spring plantings, seedlings begin to emerge in 21 days and
continue for as long as 10 weeks; however, in late summer plantings, emergence begins in
14 days and is almost complete within a month. A spring planting requires more water to
get the young plants through the heat of their first summer but has the advantage of
putting substantial growth on the plants and allowing a hardening -off period before their
first winter.

Drip and sprinkler irrigation have an advantage over furrow irrigation for stand
establishment by direct seeding since they provide more uniform moisture at the seed
level during germination. Furrow irrigation frequently results in a less uniformly
distributed stand of jojoba than drip or sprinkler irrigation.

In direct seeding, growers usually plant seed 6 to 12 inches apart on rows spaced 12 to 16
feet apart. The general practice among growers is to establish a continuous hedgerow of
plants spaced 3 to 4 feet apart. In direct seeding, the plantation is overplanted to allow
for losses from the germination and emergence stages and the removal of unwanted
female and excess male plants.

Some growers have established jojoba stands by planting nursery grown -seedlings. Jojoba
seed is planted in containers, grown in a nursery and transplanted to the field when
several months old. Planting seedlings is considerably more expensive than direct -
seeding but requires less water during the first year for stand establishment.

Using seed as propagating stock, whether by direct -seeding or by planting seedlings,
suffers the disadvantage of genetic variability. Plants grown from seed do not, in
general, reproduce the characteristics of the mother plant and differ from one another in
sex, flowering characteristics, shape, yield and the age at which the plant matures.
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Some plants grown from seed mature in 2 years while others may not flower for 7 years
or more. Some bearing 3- year -old plants have produced yields of a few seeds or as much
as 5 pounds of seed.

Until very recently there has been no practical viable alternative to using seed from
native plants as propagating stock. Jojoba can be cloned by rooting cuttings or by using
tissue culture techniques, thus reproducing all the characteristics of the mother plant. It
is not particularly useful to clone native plants, however, when the plant's genetic
characteristics may not be discernable because of environmental conditions. Planting
seed from native plants has provided a major step in selection and adaptation. By their
survival those plants raised under cultivated conditions in various areas have shown their
adaptability to the given soil, water and temperature conditions. Cuttings can now be
selected on a large scale from those plants that are coming into production and that
show advantageous characteristics, seed yield or the oil content of their seeds. It still
will not be possible for some time to identify and select plants for stability of yield from
year to year or for disease resistance.

Establishing a stand from rooted cuttings is significantly more expensive than by direct -
seeding. However, the cost of removing excess males is eliminated and the first year's
water cost also may be somewhat lower. Trial plots of rooted cuttings at the University
of Arizona and the University of California, Riverside, also indicate that rooted cuttings
mature earlier and more uniformly than plants propagated from native seed.

Another new source of propagating stock is seed from early maturing plants grown under
cultivation. Commercial jojoba plantations are just beginning to come into production.
Although to my knowledge no trials have been made, one would think that seed from
early maturing plants may reproduce that characteristic on the average.

ACREAGE SURVEY

The following are results of a current jojoba acreage survey.

In 1980, Palzkill, Hogan and Johnson performed a survey of cultivated jojoba in the
United States (2). Results of that survey were reported at the Fourth International
Conference in Hermosillo, November 1980. This year the Jojoba Growers Association
requested that I update the survey of commercial -sized jojoba plantations.

Letters were sent to 60 jojoba growers in California, Arizona, Texas, Australia and South
Africa. Responses were received directly or indirectly from 39 growers. My list of
growers is fairly complete for Arizona and California so the report gives what I believe
to be a fair representation of the number of acres under cultivation in these states. The
report does not come close to being accurate for any other area, however, so I will limit
my summary to the data for California and Arizona.

In the brief period since 1978, 25,883 acres of jojoba have been planted and are under
cultivation in California and Arizona. There are 9,490 acres in California primarily in
the areas of Desert Center, Blythe- Nyland, El Centro - Imperial Valley, and Bakersfield.
In Arizona, there are 16,218 acres under cultivation in the areas of Casa Grande-
Maricopa- Stanfield, Harquahala and Hyder valleys, Dateland, Tacna and Yuma. Almost
all of the jojoba has been propagated by direct seeding. Approximately 880 acres have
been established by planting seedlings and 360 acres have been established by planting
rooted cuttings. A few growers are experimenting with tissue culture propagation.

With regard to irrigation systems being used, there are 9,421 acres using furrow
irrigation, 2,071 acres using overhead sprinklers and 12,686 acres using drip irrigation.

Of the acres under cultivation, 320 were planted in 1978, 2,178 in 1979, 4,186 in 1980,
7,185 in 1981 and 6,881 in 1982. There were an additional 1,070 acres being planted in
October 1982. Approximately 400 acres of the 3- to 3.5- year -old plantations were
harvested in 1982 with yields ranging from 20 pounds to 100 pounds per acre. In 1981,
Lubbert gave us an excellent yield report from his plantation in Hermosillo (3). I hope
that he and the other growers who harvested in 1982 will be able to give similar reports
during the course of the conference.
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CONCLIISION

A great deal of progress has been made in domesticating jojoba and much knowledge has
been gained in the four short years since any large -scale plantations have been
undertaken. There is still much to be accomplished in determining optimal cultural
practices such as the best amount and timing of irrigation or fertilizers, efficient
methods of pruning and harvesting and effective methods of weed control. Above all,
major efforts must be made in plant selection and breeding. It will take the cooperative
efforts of growers as well as researchers to accomplish the goal of domesticating the
jojoba plant and adding a new and renewable resource to the world economy.
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PAST, PRESENT AND FUTURE OF JOJOBA CROPS IN ARGENTINA

Ricardo Ayerza (h)
Jojoba Argentina S.A., Buenos Aires

ABSTRACT

Jojoba was first introduced into Argentina between 1976 and 1977. The first seeds
produced in the country were collected in Chancani, Province of Cordoba, at the end of
1981. Experimental plots were located in the provinces of Mendoza, Cordoba, La Rioja
and Tucuman by the Argentine Institute of Investigation in Arid Regions and Semillero
La Magdalena.

INTRODUCTION

Arid lands must withstand a chronic lack of rainfall. In these areas it is vital to use
water efficiently to preserve the organic matter of the soil, and to maintain the
equilibrium of the ecosystem. It is very important to look back and pay much more
attention to the arid land plants that have developed special mechanisms to survive in
the extreme conditions prevailing in these regions. Among these species, jojoba
(Simmondsia chinensis) is outstanding because of its multiple uses and because its natural
habitat, desertrt regions of the United States and Mexico, is very similar to some regions
in Argentina.

Pedro L. Querio introduced the first seeds of jojoba into Argentina between 1976 and
1977. At the end of 1981, the first seeds produced in the country were collected at
Chancani, province of Cordoba. During this period experimental plots were established
to determine the behavior of the species in the Southern Hemisphere.

Work was carried out by Instituto Argentino de Investigacion en Zonas Aridas (the
Argentine Institute of Investigation in Arid Zones) and Semillero La Magdalena (the
Magdalena Seed Farm). The first experimental plantations of Semillero La Magdalena
were carried out during 1978 in Villa Dolores, province of Cordoba. Two more
experiments were carried out, one in 1980 in the province of Mendoza and the other in
1981 in the province of Tucuman.

DEVELOPMENT OF EXPERIMENTAL PLANTATIONS

Five initial plantations were established on a total of 67 hectares (Figure 1):

1. Las Catitas is located at 33 °20' south latitude and 68 °00' west longitude, and 500
meters above sea level. This plantation, sown in 1980, has received 150 millimeters of
annual rainfall with a minimum extreme temperature of -7.2 C.

2. La Magdalena is located at 31 °57' south latitude and 65 °08' west longitude, and 569
meters above sea level. This plantation, sown in 1979, has received 450 millimeters of
annual rainfall with a minimum extreme temperature of -7 C.

3. El Desafio is located at 31 °25' south latitude and 65 °26' west longitude, and 500
meters above sea level. This plantation, sown in 1979, has received 350 millimeters of
annual rainfall with a minimum extreme temperature of -3 C.

4. El Cerro is located 5 km west of El Desafio at 630 meters above sea level. This
plantation has received 350 millimeters of annual rainfall with a minimum extreme
temperature of -2 C. It was planted in 1978, 1979, 1980, 1981 and 1982.

5. Punta del Agua is located at 26 °34' south latitude and 64 °48' west longitude and 550
meters above sea level. This plantation received 721 millimeters of annual rainfall with
a minimum extreme temperature of -2.8 C. It was planted in 1981 and 1982.
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Figure 1. Initial jojoba plantations in Argentina.
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Table 1. Optimum dates for direct sowing of jojoba and climatic conditions of five
different areas in Argentina.

Area
Average Average Average Supplemental

Sowing Date Temperature Relative Humidity Rainfall Irrigation
(C) ( %) (mm)

Las Catitas December 22.3 48 38 yes

La Magdalena 1/2 Oct. /Nov. 22.2 52 96 no

El Desafia 1/2 Oct. /Nov. 23.2 48 93 no

El Cerro 1/2 Sept.Oct. 21.8 44 8 yes

Punta del Agua 1/2 Oct. /Nov. 22.4 73 118 no

GERMINATION STUDIES

Our technical studies focused on seed germination. Low germination percentages, which
rarely surpassed 61 percent, were obtained from imported seeds. Different treatments
were necessary to improve these low percentages. Other factors influencing the
germination process included: 1) sowing depth (1, 3, 5 and 7 centimeters); b) soil type
(light /heavy); and c) soil compactness.

The depth of sowing is highly significant. It presents, within the range of depths utilized,
a linear relation with the total germination results. Depth of sowing also affects, with
high statistical significance, the period of time required for germination (days required
to reach 50 percent germination) and the concentration of germinated seeds around that
date. The germination period is 13 days for superficial sowing and 15 days for deep
sowing.

The type of soil utilized definitely alters the results of the total germination. Heavy
textured soils were excluded because they are unsuitable. In the Punta del Agua
plantation, direct sowing was carried out in coarse, loam, and clay -loam soils. In coarse
soil, emergence started after 15 days, and it was very concentrated. On the other hand,
emergence began 40 days after sowing in the loam and clay -loam soils.

The compactness of soil did not statistically alter the results of the total germination or
the distribution. Also, it did not interact with the depth of sowing factor.

PLANTING SYSTEMS

Planting systems also were analyzed. Transplants were definitely disregarded. At
present, direct mechanized seeding is the only method used. Direct seeding offers the
following advantages: a) it is fast; b) large surfaces can be sown easily; c) it requires
less labor; d) materials cost very little (no need for hothouses, cups or bags, etc.); and e)
plants develop better in the open field.

After analyzing different sowing systems with 4- year -old plants, we determined that 4
meters between rows and 15 centimeters between seeds was the most suitable; which
implies using approximately 10 kilograms of standard seed per hectare.

The optimum sowing dates were determined for the five different areas (Table 1).
Precise recommendations now can be made in this respect.
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Table 2. Per- hectare cost of three different irrigation systems for jojoba in the northwest
of Argentina (1).

System* Initial Investment Annual Cost (U.S.$)

(U.S.$)

12 -Year Cost

Labor Fuel Maintenance (U.S.$)

Furrow 215 41 30 24 1,355

Drip 4,000 7 20 80 5,284

Sprinkler 1,000 4 33 22 1,808

*All figures refer to an annual irrigation of 300 millimeters, extracting groundwater from
a depth of 20 meters.

PESTS AND DISEASES

Small scale fungus attacks appeared during the warm and humid season. They were
easily controlled with products that contained copper. Plants that were not treated,
recuperated quickly as soon as the humidity decreased. These attacks only affected the
aerial parts of the young plants. Seeds generally are attacked at the moment of
germination; therefore, it was absolutely necessary to treat them with preventative
fungicides before sowing.

At Punta del Agua, a warm and highly humid area, the fungus attacks threatened the
plantation with total extinction. In the same plantation leaves were attacked by thrips
(Frankliniella sp.) and cigarrinha verde (Emphuasca sp.), which were controlled with a
mixture of Parathion and Thiodan (respectively, 1 and 0.5 liters to 100 liters of water).
These attacks occurred during the entire humid season.

In all the other plantations, the green parts of the plants were attacked by locusts
(Sistocerca cancelata) and tucuras (Dichroplus sp. and Rhamantocerus sp.) causing
considerable damage to the young plants only. These attacks, which take place every
year during January, February and March, can be controlled with commercial chemical
products.

IRRIGATION SYSTEMS

The cost of three different irrigation systems, drip, flood and sprinkler were analyzed
(Table 2). Use of the system during the first 2 years is important for good establishment
and a good initial development of commercial plantations.

COMPARISON CROPS

To date, all the efforts to grow jojoba with other crops, have centered on grass seed
crops for arid zones. Very good results were obtained using buffel grass (Cenchrus
ciliaris L.) between the rows of jojoba.

FLOWERING AND FRUITING

The first jojoba seeds were produced in Argentina during 1981. They were harvested
from El Cerro plots that were 31, 33 and 46 months old. Although the highest
concentration of ripeness is obtained between October and November, some seeds also
were obtained in May and June.
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MORPHOLOGICAL STUDIES
IN THE SONORAN DESERT AND NORTHWESTERN ARGENTINA

Morphological aspects of plants varying from 6 to 43 months of age showed great genetic
variation. Information was obtained from plants that came from wild seeds collected in
the northern Sonoran Desert. We were not able to detect exact locations of the original
plants.

In 1982, plants near Tucson, Arizona, were selected and identified. They were used to
generate information about their place of origin; afterwards their progeny were
controlled in Argentina. Locations chosen for this work were Tucson and Villa Dolores;
their main climatic characteristics are shown in Table 3. A great number of similarities
have been found.

In both regions the soils that predominate are loose, coarse and well drained. Soil pH is
neutral or alkaline. The topography varies from plain and slightly undulated to high
mountains with stony sides and forests formed by trees and bushes of varied forms and
sizes. Average and extreme temperatures are similar.

Although, in general, northwestern Argentina has a higher annual rainfall. There are
regions, along the Andes Cordillera, with total annual rainfall identical to Tucson. The
biggest difference lies in the distribution of the rains, which tends to be in the winter in
the Sonoran Desert. Although, it is possible to find regions with summer rains, like in
Sonora and in Baja California Sur, that are appropriate for jojoba. It is also possible to
find a great number of similar plants in both regions (Table 4). Common grass species
include: Aristida adscensionis, Bouteloua aristidoides, B. barbata and Chioris virgata (3).

JOJOBA DEVELOPMENT

The successful development of some of the pilot plantations led to a second stage that
began during mid -1981. Interest to carry out medium - and large -scale commercial
plantations increased. The number of organizations dedicated to study jojoba's
agricultural and economic aspects also increased.

The provinces of La Rioja and Chaco decreed that the cultivation of jojoba was of
provincial interest. Through promotional credits, the Bank of the Province of La Rioja
financed a private plantation of jojoba in the area of Aimogasta, an arid region with
average annual rainfall of less than 100 millimeters.

The province of Chaco has enacted the "Jojoba Plan" to determine the role of this
species in two different areas: 1) in "El Impenetrable," 4 million uninhabited hectares,
with annual rainfall of 400 to 600 millimeters; and 2) in the colonies of the center of the
province, which are primarily dedicated to the cultivation of cotton. The project may
finance subsequent development of commercial plantations through the provincial bank
(Banco de la Provincia).

The province of Catamarca demonstrated its interest in jojoba by initiating a program
through the Secretariat of Agriculture to determine the areas most suitable for
development within its territory. Catamarca also has requested promotional credits
from the Interamerican Development Bank to finance the development of jojoba by
small -scale farmers in a low- income colony.

Private research also is being carried out to determine the edafic and climatic conditions
prevailing in all northwestern Argentina to locate the areas best suited for national and
international investment. National and provincial promotion laws make the possibility of
investing in jojoba attractive and extremely competitive. An investment can be totally
or partially financed through tax exemptions or deferrals. On the other hand, there are
international agreements in Argentina regarding double taxation. This allows foreign
investors to declare loss of allotment during jojoba's first nonproductive years, which
may lead to tax exemptions or deferrals in the country of origin. Certainly, there are
still important questions to answer with respect to jojoba's economic and agricultural
role in the country. But it is also evident that there have been great advances. Jojoba's
future is very encouraging.
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Table 4. Examples of equivalent vegetation in the Sonoran and
Monte Deserts (2).

Monte Desert Sonoran Desert
(Bolson de Pipanco) (Avra Valley)

Trichocerus terschechkii Cereus gigantea

Acacia aroma Acacia constricta

Bulnesia retamo Cercidium microphyllum

Jathropa macrocarpa Jathropa cardiophylla

Larrea cuneifolia Larrea tridentata

Opuntia glomerata Opuntia fulgida

Prosopis chilensis, P. flexuosa Prosopis velutina
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JOJOBA FLOWER DEVELOPMENT IN THE SUDAN

Mahdi Osman El Mardi
Department of Horticulture, Khartoum, Sudan

and

Demetrios M. Yermanos
University of California, Riverside

ABSTRACT

Jojoba was established at Erkowit, Sag El Naam, Bara, Hudeiba, El Rawakib and Kasala,
Sudan. Relative humidity significantly affects fertilization and fruit set. No fruit set
was observed in areas of low relative humidity during anthesis.

INTRODUCTION

Factors regulating fertilization and fruit set in jojoba are not yet well understood. Wind
is the only means by which pollen is transferred from staminate to pistillate flowers.
Dunstone (1) reported that photoperiod has no effect on flower development, and that a
break in flower bud dormancy is controlled by a drop in temperature. Obviously, the
purpose of growing jojoba determines the site selection and, for commercial plantations,
seed yield is the most important criterion to consider.

Jojoba was introduced to the Sudan in 1977. Plots were established at Erkowit, Sag El
Naam, Bara, Hudeiba, El Rawakib and Kasala. The general pattern of flowering fruit set
and fruit maturity are reported here.

DESCRIPTION OF PLANTING SITES

Flowering has been observed year -round and in all sites; however, flowers remain
dormant and may dry out in hot -dry weather.

Sag El Naam

Mainly of dry soil in the valley. Temperatures range from 7 C to 37 C with annual
rainfall of about 250 millimeters, which is received during the summer.

Erkowit

Hilly with low lands of loamy soil. Temperatures range from 6 C to 36 C with average
annual rainfall of about 150 millimeters distributed between the summer and winter
months. November through March is characterized by foggy skies with relative humidity
above 90 percent.

Bara

Sandy soil. Temperatures range between 14 C and 40 C with average annual rainfall of
284 millimeters, which is received during the summer.

DISCUSSION

As shown in Table 1, fruit set was observed only at Erkowit and Bara. If we consider the
common factor in the two areas that determine fertilization and fruit set, we find that:
a) low temperatures between 6 C and 21 C are satisfactory for breaking flower bud
dormancy; pollen shed and ovary swelling were observed in all sites; and b) high relative
humidity, at Erkowit (October through April) and at Bara (August through October),
probably is the only climatic factor that affects fertilization. This could be attributed
to the influence of humidity on the production of pollen grains.
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Table 1. Seasonal pattern of jojoba flower development in Sudan.

Area Pollen Shed Ovary Swelling Fruit Set Maturity

Erkowit August -October,
December -March

October -March October -April March,
August -October

Bara July- October July- October August -October November -
January

Sag El Naam August -October July -Octoer n/a n/a

The relative humidity at Sag El Naam is low when pollen is shed. Failure of fertilization
may be attributed to the dry weather. At Erkowit, two seasons of fruit set occur, both
are characterized by high relative humidity.

Pollen shed and ovary swelling have been observed at Sag El Naam. Failure of fruit set
also may be attributed to the fact that jojoba in that site did not receive proper
irrigation, resulting in weak growth of the plants.

Seed yield in Erkowit varied from 35 to 400 grams in the fourth year. Higher yields are
expected at later stages of plant growth. At Bara, the yield assessment is not yet
completed; however, good yields are expected as noted from the green seeds on the
plants.

CONCLUSION

Yields obtained from jojoba grown at Erkowit (180 north latitude) and Bara (120 north
latitude) at an early stage of growth cannot be used to assess economic feasibility of the
crop. However, they indicate that jojoba can be grown outside its natural habitat
(between 230 and 340 north latitude). It is most likely that relative humidity affects
fertilization and /or fruit set. No fruit set was observed in areas where low relative
humidity prevails during anthesis. It is expected that the weather modification that will
be created by a larger canopy of the bushes may increase the relative humidity.
Consequently, higher yields could be obtained from older bushes.
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NEEDS AND CONCERNS OF THE SMALL PLANTATION OWNER

Gene Lucas
Jojobaco Lucas, Tempe, Arizona

ABSTRACT

A small plantation is farmed on 10 acres near Maricopa, Arizona. Using a drip irrigation
system only 143,000 gallons of water per acre were applied to 2.5- year -old plants; 69,000
gallons of water per acre were applied to newly germinated plants during their first 6
months. Sim -Trol, with Simazine, a pre -emergent herbicide has been used for weed
control. Crops will be harvested mechanically with leased equipment.

INTRODUCTION

I currently own and farm 10 acres of jojoba 35 miles south of Phoenix in the farming
community of Maricopa, Arizona, and I have plans to expand my operations in the near
future. As you can see, I qualify as a small plantation owner. The needs, concerns and
problems encountered farming 10 acres are the same as farming 1,000 acres except that
you have to solve and do everything yourself. Allow me to give you a bit of my
background and philosophy concerning jojoba.

Years ago when I first started to realize the potential of jojoba I gave a lot of thought
about where I would fit in best in this rapidly growing new industry. The concept of an
oil produced by a plant that thrives in the heat and desert soils seemed like a great
opportunity. The fact that I lived right in the middle of it was too good to be true. I had
always heard and believed statements like "all wealth comes from the land" and "buy
land, they're not making any more of it." Thus, the idea was born. By purchasing land
and developing jojoba on it I would become involved in a new career in an exciting
industry and I would be creating income property that would be of value to me for the
rest of my life. Businesses and jobs come and go, prices of jojoba seed and oil rise and
fall, but whatever the future of this industry is, I will have my jojoba farm. Its value
may rise or fall but it will always be there. The future of the jojoba industry is
dependent upon an efficient and well managed agriculture industry. The farmer will be
the backbone of the jojoba industry.

ESTABLISHMENT

I had to work a full -time job to sustain my income, yet I wanted to develop a jojoba
farm. Since I was limited by the amount of money and time I had available I knew I must
start small and grow over the years. All my work was done on weekends.

During the spring 1980 I planted my first 3 acres. These plants are now 2.5 years old and
are doing well. Some of my larger plants are 3 feet tall and 3 feet wide and are showing
flowers, I hope, to produce a small seed crop next summer. I harvested a small quantity
of seed this year from 2- year -old plants. One plant yielded 50 seed while other plants
produced only a few seeds each. I am tagging and keeping a history of my best plants.
During the spring 1982, I planted an additional 7 acres. The plants are doing very well
and range in size from 5 to 12 inches.

I have planted on 13.5 -foot elevated rows and direct seeded every 12 inches. I believe
that direct seeding is the most economical and efficient method planting. I used 8 to 10
pounds of seed per acre. This may sound like a lot of seed, but there are many reasons
for overplanting. It insures against poor germination and eliminates replanting, which
can be very time consuming and expensive. Overplanting allows for unexpected plant
loss and allows for survival of the fittest plants. In the future when it comes time to
thin out the rows, you can rogue out excess males and have an abundance of female
plants from which to choose. It is much better to have a choice of four or five plants
than to just have one plant and no choice at all for your final stand.
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Many farmers are experiencing gaps in their rows, areas of 5 to 20 feet where there are
no plants or just a few plants that are small and weak. I hope that overplanting will
minimize this, but it is still bound to occur. Reseeding or planting 8- week -old paper tube
seedlings are one solution. I have filled in gaps by replanting with 1- year -old plants
grown in 1 gallon pots. I have had good success with this method. Planting a 1- year -old
plant as opposed to an 8- week -old seedling gives you an established plant close to the
size of your other plants and you will be 1 year closer to a harvest.

I have a small nursery with more than 1,300 jojoba plants in 1 gallon containers that I am
raising to transplant into my field and to resell. I am currently expanding this nursery.
Many plants have shown their sex after 1 year and I can pick and choose the strongest
female plants for my field. I am also experimenting with plants from superior seed,
attempting to raise superior plants. I have planted the seed harvested from my 2 -year-
old plants; it will be interesting to see if the plants from this seed produce strong early
maturing plants. I hope that I can identify plants in my field and nursery with superior
characteristics that can provide seed, cuttings and material for genetic cloning. The
results from this type of work will take many years to develop, but one day farmers will
be planting a superior strain of jojoba in their fields to increase their yields.

IRRIGATION SYSTEM

I am using a biwall drip system. This hose has two water chambers and emits water
through a pinhole every 12 inches. It costs about $.04 per foot. I installed the biwall
hose by adapting a standard birm disc. The hose spool was mounted on top of the birm
disc and fed in front of the disc, therefore shaping the rows and burying the drip system
at the same time. It is buried from 2 to 6 inches deep. The initial costs are higher with
a drip system, but the savings of water and time will more than offset this initial cost in
the long run. I am currently adapting my system with a battery operated timer so that I
can water at any frequency and length I desire without being present.

Since I have water meters on my irrigation system I know exactly how much water has
been given to my plants. My 2.5- year -old plants, which went through their third summer
in 1982, were watered from April to the end of September (6 months) and received
143,000 gallons of water per acre or 5.25 acre inches of water. Remember, the 5.25 acre
inches were concentrated only on the plants and not spread over the entire acre. The 7
acres that I planted in the spring 1982 only used 69,000 gallons per acre from April
through the end of September. This amounts to only 2.5 acre inches of water used for
germination and establishment of new plants during their first 6 months. These figures
are what I irrigated and do not take into account the rainfall we received during August
and September, but we can expect some rainfall every year. Even I was amazed by these
figures; they demonstrate the efficiency of the drip system and show how truly water -
efficient the jojoba plant is. In the past I have only irrigated April through October.

PESTS

I have encountered problems with gophers. They will chew into the irrigation line
requiring repairs. Gopher poison works very well, but you must eliminate the gophers
from your field and keep them out continually.

WEED CONTROL

The major problem that I have encountered with my farm during the past 3 years has
been weed control. I have been literally overrun with weeds, mostly tumbleweeds.
During the first 2 years I would disk with a tractor and hoe weeds close to the plants by
hand. This was a never -ending task. I did use Round -Up with a hand sprayer, but any
contact with the jojoba is fatal to the plant. This year I incorporated a chemical weed
control program that I hope will solve my weed problem. Sim -Trol, with the active
ingredient Simazine, is a herbicide that has been cleared for jojoba in Arizona. It is a
restricted -use herbicide and requires a permit. It is a pre -emergent that prevents any
weed seed from germinating. The recommended application rate is 2 quarts per acre,
with one application per year. Before you attempt to spray any chemical on your plants
or farm consult with a professional in agriculture chemicals and test the chemical on a
small area until you are confident in the chemical, the application rate and method of
application. Be careful because mistakes cannot be corrected.
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FERTILIZING

I have injected liquid fertilizer through the drip system. I applied 50 units of nitrogen,
Tri -N 32, during April on the 2- year -old plants. It was difficult to see any effect
because the plants were already going through a good growth stage at the time. I plan to
fertilize more in the future.

My experience has shown that the jojoba plants go through two growth stages per year,
one in the spring and fall. They slow down a bit during the heat of the summer then pick
up as temperatures cool in the fall. They have shown their greatest growth in the fall.

HARVESTING

Many people inquire about how I intend to harvest my farm. This is a question that the
entire industry has to answer, but I plan to use whatever type of mechanical harvester
becomes available. While it would not be feasible for me to buy an expensive piece of
machinery for 10 acres, it is possible to lease the harvester by the day or week from a
private party or a cooperatively owned harvester.

CONCLIISIONS

When you tour some of the larger farms you will be very impressed. You will also realize
the kind of money and effort it takes to develop these farms. But don't let that
discourage you into thinking that it can't be done on a smaller scale. I have had people
tell me that anything less than 40 acres is not economically feasible, that's just not true.
Small farms can produce just as many pounds of seed per acre as large farms, and you
can devote more time per acre to improving the quality of your plants and, therefore,
your production. It takes a lot of hard work and you are taking on a commitment that
will last for years until you see your reward. If you go for it and stick to it, your rewards
will come.

135



JOJOBA DEVELOPMENT COSTS: SMALL PLANTATIONS

N. Gene Wright
University of Arizona, Tucson

ABSTRACT

Budgets for two different size plantations, 10 acres or less and 40 acres or less, were
developed. The smaller plantation would be developed by a person who would contribute
his labor free of charge. Estimated capital investment needed for the 10- acre -or -less
plantation is $3,085 per acre. The 40- acre -or -less plantation investment is $2,390 per
acre. Both variable and fixed costs are calculated when estimating establishing costs.
During the first 4 years of development, total costs are $2,832 per acre for the 10 -acre-
or -less plantation and $3,270 for the larger operation. The greatest difference is the
free labor contributed by the small size operator.

INTRODUCTION

Budgets for two different size jojoba plantations, 10 acres or less and 40 acres or less,
were developed. The budgets presented here are conservative estimates, using the best
available information on establishment, growing and maintenance costs for a plantation.
Capital investment and estimated establishment costs for the first 4 years of operation
are included in the budgets.

A 10- acre -or -less plantation would be established by a retired individual or a part -time,
weekend farmer who would contribute his labor at no cost to establish the plantation.
Most machine operations would be by custom service. Seed would be handpicked by the
owners.

A plantation of 40 acres or less would use custom service for land preparation, planting
and mechanical harvesting. Forty acres of jojoba would require more than weekend
labor, therefore, labor charges, at the going rate, are included in this budget.

CAPITAL INVESTMENT

There are two extremely important facts to remember when establishing a jojoba
plantation: 1) jojoba is a wild plant not yet domesticated; and 2) use only "risk" capital
to establish a plantation and be willing and able to withstand a loss. Questions remain
regarding domestication of this native plant.

Land for both size plantations would be undeveloped desert land. The land would need to
be cleared and leveled sufficiently for a drip irrigation system. A well of adequate
capacity must be drilled and developed. Well costs for the 10 -acre plantation would be
greater per acre because the smallest practical size well would be 6 inches in diameter.
The well for the 40 -acre plantation would cost about twice as much as that needed for
the smaller plantation. Each operation should have a small tractor, disc, cultivator,
sprayer and trailer. All machinery would be purchased used. Land clearing and leveling
costs are the same for both size plantations. Machinery needs would be about the same
for both size plantations, although the 40 -acre plantation would need a pickup truck
assigned full -time to the operation. Total capital investment costs per acre are $3,085
for the 10- acre -or -less plantation and $2,390 for the larger plantation (Table 1). The
difference in per-acre costs for the drip irrigation system is based on the owner of the
small plantation installing the system, thus no labor costs are included for the small
plantation. All costs are in 1982 dollars.
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Table 1. Per -acre capital investment for a jojoba plantation.

Capital T

1982 Dollars

10 Acres
or Less

40 Acres
or Less

Land (undeveloped) 500 500

Clear and Level 200 200

Well 800 375

Irrigation Distribution System (drip) 800 1,000

Machinery 785 315

3,085 2,390

PLANTATION ESTABLISHMENT

Table 2 shows estimated costs, both variable and fixed, of establishing a 10- acre -or -less
jojoba plantation in central Arizona. Table 3 shows the same estimates for a 40- acre -or-
less plantation. All estimates are in 1982 dollars held constant during the 4 years of the
budget.

Land Preparation

Seedbed preparation would be similar to any field crop like cotton or grain sorghum.
Fields should be ripped, plowed, disked, leveled and furrowed as needed. Ripping down
the rows is especially important because jojoba is a deep rooted plant and ripping will
help both root and water penetration. Custom service is used for both size plantations.
It would not be economically feasible for small operations to buy heavy -duty tillage
equipment.

Layout and Planting

Direct seeding using a converted cotton -grain planter would be used for both site
plantations. The 10- acre -or -less plantation would use 10 -foot rows to allow for hand
harvesting. For the 40 -acre plantation, 13 -foot rows are needed for mechanical
harvesting. Direct seeding for the small plantation would require 10 pounds of seed per
acre, and 8 pounds of seed per acre for the 40- acre -or -less plantation. Seeds should be
planted .5 inch to 1 inch below the soil surface when soil temperatures are 70 F to 85 F.
The soil should be kept moist, or at near field capacity, until shoots emerge.

Irrigation

Costs for a drip irrigation system are included in the budgets. Three to 3.5 acre -feet of
water is budgeted for the first year, but is reduced to approximately 2 acre -feet after
the first year. No labor for irrigation is included in the 10- acre -or -less budget because
the owner /operator is donating his labor free of charge. Irrigation labor is charged for
the 40- acre -or -less plantation. Water needs, however, may vary from actual operations
because of variations in soil texture and climate. Actual field -plant responses to the
water that is applied also vary.

Fertilizing

Jojoba's response to applications of fertilizer is not known at this time. However, under
actual field conditions, water penetration has been helped by an application of sulfur
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Table 2. Estimated costs for establishing 1 acre of jojoba on a small plantation (10 acres
or less) in central Arizona.

1982 Dollars

1982 1983 1984 1985

Variable Costs
Land Preparation 56
Layout and Planting 95 -- -- --

Irrigation 88 50 50 50
Fertilizing 10 10 10 10
Cultivation 12 24 24 24
Chemical Weed Control 37 37 37 37
Pest /Disease Control -- -- -- --

Plant Replacement 10 10
Thinning /Pruning /Shaping -- -- -- --

General Farm Maintenance 8 8 10 10
Supervision /Management -- -- -- --
Interest on Variable Costs 29 66 96 132

Subtotal 335 195 237 273

Fixed Costs
Taxes 10 10 10 10
Machinery 15 30 30 30
Well 50 50 50 50
Irrigation System 95 95 95 95
Interest on Capital Investment 230 253 278 306

Subtotal 400 438 463 491

Total Costs 735 633 700 764

Accumulative Development Costs 735 1,368 2,068 2,832
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Table 3. Estimated costs for establishing 1 acre of jojoba on a small plantation (40 acres
or less) in central Arizona.

1982 Dollars

1982 1983 1984 1985

Variable Costs
Land Preparation 56
Layout and Planting 80 -- -- --

Irrigation 120 68 68 68
Fertilizing 10 10 10 10
Cultivation 50 75 75 75
Chemical Weed Control 37 37 37 37
Pest /Disease Control -- -- -- --

Plant Replacement 20 20
Thinning /Pruning /Shaping -- -- 25 40
General Farm Maintenance 10 10 12 12
Supervision /Management 25 25 25 25
Interest on Variable Costs 34 89 141 205

Subtotal 422 314 413 492

Fixed Costs
Taxes 10 10 10 10
Machinery 18 35 35 35
Well 25 25 25 25
Irrigation System 100 100 100 100
Interest on Capital Investment 208 229 252 277

Subtotal 361 399 422 447

Total Costs 783 713 835 939

Accumulative Development Costs 783 1,496 2,331 3,270
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bearing nitrogen fertilizers. Fertilizer is included in the budget for both size
plantations.

Weed Control

Weed control is based on chemical, hand, and mechanical methods (cultivator /.disc). In
Arizona, weeds have been a serious problem in many fields. Only one herbicide is
federally registered at the present time for use on jojoba. Hand weeding would be
performed free of charge by the owner /operator for the small plantation. Hand weeding
would need to be hired out for the 40 -acre plantation. Mechanical cultivation using a
rolling cultivator or disc would be charged to both size plantations. Labor charges for the
tractor driver would be charged for the large operation but not for the 10- acre -or -less
operation. The number of times each operation would need to be performed varies
according to the actual weed problems encountered.

Pest/Disease Control

No charges for control of disease or pests are included in these budgets, although
researchers have noted both insect damage and seedling diseases in native stands.
Seedling diseases have been noted in the greenhouse with cuttings. More than a dozen
insects have been identified in commercial plantations in Arizona, but no serious insect
damage has been observed at this time.

Plant Replacement

Direct seeding gives a surplus of plants the first years. Replanting, using seeds or
seedlings for any skips or spots with poor germination, should be started the second or
third year. Costs would be less for the 10- acre -or -less plantation because no labor
charges are included. Labor is charged for the 40- acre -or -less plantation.

Thinning/Pruning/Shaping

Direct -seeded surplus plants are thinned until the desired spacing scheme is achieved.
Since the 10- acre -or -less plantation will be hand harvested, little or no pruning or
shaping is needed. The 40- acre -or -less plantation is budgeted to be mechanically
harvested, therefore some plant pruning and shaping will be needed. Because a
mechanical harvester has not been perfected at this time, the desired shape of the jojoba
shrub that will facilitate harvesting has not been determined.

General Farm Maintenance

Annual costs for a pickup truck, office space, fencing, small hand tools and bookkeeping
expenses are included. As the plantation comes into production, these costs will increase
slightly.

Supervision/Management

No supervision or management costs are charged to the 10- acre -or -less plantation
because the operator is donating his labor to the operation. A $25 per acre fee is
allocated to the 40- acre -or -less plantation to cover these costs. As the plantation starts
to produce seeds, additional costs are charged for supervision and management of the 40-
acre -or -less plantation.

Interest on Variable Costs

Interest on variable production costs is calculated at 15 percent for the number of
months the money is actually borrowed. During the second year, total variable costs for
year one are charged for a full year plus the number of months money is borrowed for
year two. Year three interest would be a full year charge for total variable costs for
years one and two plus the partial year costs for year three.

Even if the owner finances the establishment and growing costs out of his own funds,
interest on variable costs is still a legitimate expense because the money used could have
been invested and earned income. By investing in jojoba establishment and growing, the
money loses its ability to earn income for the owner.
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FIXED COSTS

Fixed costs include taxes on real estate and personal property, depreciation, interest and
insurance or those costs that are incurred even if the plantation is not operating. When
fixed costs are not charged, a false picture results when calculating the actual cost of a
crop or operation.

Taxes

Real estate taxes were charged using an average rate for counties in central Arizona.
Actual costs will vary according to the exact location and school district.

Machinery

Depreciation, taxes, interest and insurance were based on calculations from an Arizona
Agricultural Extension Service publication.

Well

Fixed costs to cover depreciation, taxes, interest and insurance were based on
information contained in other University of Arizona reports.

Irrigation System

Depreciation and other fixed costs on the drip system, lines, filters, etc. were used.

Interest on Capital Investment

Interest at 10 percent per year is calculated on the per -acre investment in land, land
development, well, irrigation system and machinery for the first year. If the money used
for purchase of capital items was invested in the commercial money market, it would
earn interest. Therefore, interest on capital expenditures in developing a jojoba
plantation is a legitimate business expense. Interest for year two is calculated on the
capital investment plus the interest from year one. The cost for year three is calculated
on the original investment plus the interest for years two and three.

Accumulative Development Costs

Total accumulative costs for the first 4 years of development in the 10- acre -or -less
plantation is $2,832 (Table 2), which includes all variable costs, fixed costs plus interest
on variable costs and capital investment. Total accumulative costs for the 40- acre -or-
less plantation is $3,270 (Table 3). All of these costs are in 1982 dollars. The big
difference in total costs between the two different size plantations is that the
owner /operator of the smaller operation contributes much of the needed labor.

Budget Limitations

When using these budgets or information extracted from them, the users must realize
that the budgets were constructed using a "synthetic" approach. The information
contained does not reflect any specific operation. Calculations were based on the best
information available. It is my opinion that these data can be duplicated using present -
day technology. The 10- acre -or -less budget assumes that the owner /operator will donate
free labor to the operation, but this might not be true under actual conditions.

If jojoba is to be an economically feasible crop when supply and demand is near
equilibrium, increased yields are mandatory; therefore, genetically superior plants are
needed. A workable mechanical harvester and plants with higher yields are absolutely
necessary if jojoba is to succeed.
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IRRIGATION SYSTEMS FOR COMMERCIAL PRODUCTION OF JOJOBA

Allan D. Halderman
Irrigation Engineer, Tucson, Arizona

ABSTRACT

Three issues relevant to irrigation for commercial production of jojoba include: the
water supply, the irrigation method, and the irrigation schedule. Under Arizona
conditions, the water supply should be no less than 1.5 to 2.0 gallons per minute per acre
to meet projected plant needs during May without allowing the development of soil
moisture stress inimical to high yields. Surface irrigation should be adopted` unless
specific factors are identified that render surface irrigation infeasible or that expressly
favor one of the other methods. This does not preclude selection of a sprinkler or drip
system but it does shift the burden of proof to them. The best irrigation method for
specific conditions can be selected systematically.

INTRODUCTION

Irrigation methods and practices for jojoba are not well established because of the short
history of the crop for commercial production. The content of this paper was drawn
from general principles of irrigation, a review of literature, and the early experience of
growers in southwestern Arizona. I am deeply appreciative of the generous response of
the growers to a battery of questions about their irrigation systems and practices. They
have already made many of the decisions that must be made to establish a jojoba
plantation, and are proceeding to manage those systems based on their field observations
and the limited technical information available. Commercial suppliers of irrigation
equipment also have made pioneering contributions to the industry.

Three central topics emerge from an analysis of the current scene -water supply,
selection of an irrigation method, and irrigation scheduling to meet the needs of the
jojoba plant. In this paper I will address the first two issues with the best information
available to me and will report practices of Arizona growers concerning the third issue.
As experience is accumulated, better answers will become available.

Although I will discuss these three topics separately, it should be recognized that the
water supply, irrigation method, and scheduling are interrelated and, in the final
analysis, must be integrated.

WATER SUPPLY

All of the systems observed in southern Arizona use groundwater. Under these
conditions, the adequacy of a water supply to meet peak moisture needs of a mature
plantation is more demanding than the water required on a seasonal basis. It appears
that the peak water demand of a mature plantation will occur in May when the
temperature is high and humidity is low and when the jojoba seeds are developing and
maturing. A tentative peak monthly evapotranspiration value of 0.15 inches per day is
suggested. This is based partly on the nature of the leaf stomata (1). To some degree,
however, the value is simply selected on the basis of experience with conventional crops,
to develop a rational approach to the question of water supply requirements.

Many of the jojoba plantations have row spacings of 13.1 feet. Assuming that the
vegetated row width will eventually develop to 8 feet, the actual cover will be about 60
percent of the gross area. Because of the angle of the sun and air movement among the
shrubs, this is increased somewhat arbitrarily to an effective cover of 75 percent. This
assumes that the mature shrubs will be pruned periodically; otherwise, effective cover
would approach 100 percent. With an effective cover of 75 percent, the peak
evapotranspiration rate of 0.15 inches per day on the vegetated area is reduced to 0.1125
inches per day over the gross area.
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Management so that the peak use period is entered with a full soil moisture reservoir will
reduce the rate at which water must be delivered from the supply. For some soils,
reserve soil moisture may be substantial; for very sandy soils, it is essentially zero. For
deep soils ranging from sandy loams to silt and clay loams, a reserve supply of 0.10
inches per day, based on the area irrigated, is assumed to be feasible. If half the area is
irrigated, and if this area has an effective root system, the reserve supply, based on
gross area, is 0.05 inches per day. This means that 0.0625 inches of water per day must
be delivered. Effective rainfall is assumed to be unreliable and negligible during this
period.

Translating 0.0625 inches per day into a water supply value, in gallons per minute per
gross acre, depends on irrigation efficiency and hours of operation per day. With 100
percent efficiency and constant operation, the corresponding water supply is 1.2 gallons
per minute per gross acre. No irrigation system has an efficiency of 100 percent and few
are capable of sustained operation 24 hours per day. Table 1 shows delivery
requirements for a range of more realistic conditions.

Evapotranspiration includes transpiration from the leaves and evaporation from the soil
surface immediately around the plant. Since an underground drip system has less wet
soil area exposed than other irrigation systems, the peak monthly evapotranspiration
value will be somewhat less. The difference may be appreciable during the plant
establishment and development stages but will not be significant after the plants have
reached maturity. Dependence on a soil moisture reserve to help sustain plants through
a peak use period is not an accepted practice with drip irrigation, possibly because the
root systems may be more shallow than with less frequent sprinkler or furrow irrigation.
Consequently, the peak demand for jojoba with subsurface drip irrigation is considered to
be no less than for other irrigation methods.

From these assumptions and calculations, the minimum water supply in southwestern
Arizona and similiar climates should not be less than 1.5 to 2.0 gallons per minute per
gross acre, and may be greater, depending on field irrigation efficiency and hours of
operation per day. If the soil moisture reservoir is insignificant, or is not fully utilized,
the water supply must be greater to provide some assurance that the crop will not be
stressed for moisture during the critical period.

SELECTION OF AN IRRIGATION METHOD

Jojoba plantation managers tend to support enthusiastically the irrigation method they
have adopted and minimize the merits of other systems. Much of the apparent
disagreement can be resolved by considering the best method for specific site conditions,
rather than for jojoba in general.

A systematic approach to the selection of an irrigation method for a particular site and
set of conditions involves four steps: 1) identifying the irrigation methods that may be
practical and the characteristics of each; 2) determining site conditions and situation
factors; 3) examining projected cultural practices that may be influenced by the
irrigation method; and 4) selecting the irrigation system best adapted to the specific
conditions.

Irrigation Methods

The general categories of irrigation methods are surface, sprinkler and drip irrigation.
Selecting the best method is an important decision because the jojoba plant is long -lived;
changing methods after establishment may be difficult. Surface irrigation systems can
be more easily converted to sprinkler or drip than vice -versa because land grading may
be necessary.

Furrow irrigation is the surface method mos,/ commonly used for plant establishment but
sloping borders or level basins are potential; contenders as the plants become larger and
develop expanded root systems. The first cost of a surface irrigation system can vary
from zero on land previously irrigated to more than $500 per acre to grade sloping land
to level basins and to install lined ditches.

The linear -move system appears to be the best adapted of the sprinkler systems. It has
the high clearance needed, fits rectangular fields, can be used for a cover crop to control
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Table 1. Estimated water supply requirement for jojoba.

Field
Irrigation
Efficiency

( %)

Hours of Operation per Day
24 22 20

(Gpm per Gross Acre)

18

100

90

80

70

60

1.2

1.3

1.5

1.7

2.0

1.3

1.4

1.6

1.8

2.1

1.4

1.6

1.8

2.0

2.4

1.6

1.7

2.0

2.2

2.6

Note: Water requirement based on crop use of 0.15 inches per day
on the effective cover, 75 percent effective cover, and depletion
of 0.05 inches per day from soil moisture storage

wind erosion, and has low labor requirements. Water application rates, however, exceed
the intake rate of many soils. The first cost of a linear -move system is $350 to $375 per
acre.

Perforated double -wall tubing, installed several inches below the row, is the most
common drip method in Arizona for plant establishment. Emitter -type drip irrigation,
like that frequently used in vineyards, is a possible future alternative, but the first cost
will be higher than for double -wall tubing. Rolling topography must be smoothed because
the low pressure drip systems are sensitive to elevation changes. For example, a rise of
2.3 feet is equivalent to a pressure reduction of 1.0 pound per square inch. The first cost
for a double -wall perforated tubing system is $500 to $800 per acre for large systems and
is more for small plantations. The materials cost of a replacement drip system is
approximately $115 per acre for perforated tubing and $330 per acre for an emitter
system. The cash outlay may be reduced by installing the system with farm equipment
and personnel.

Site Conditions and Situation Factors

Site conditions and situation factors that affect selection of an irrigation method
include: 1) field -topography, slope and shape; 2) soil- texture, depth, intake rate and
variability; 3) water supply -well pumping rate or canal delivery schedule, quality
(dissolved salts and suspended particles) and cost; 4) energy -availability and cost; 5)
costs -first, amortized, operating and salvage value; 6) existing irrigation system, if any;
7) labor -labor requirements and skill level; 8) reliability, maintenance, and longevity-
mechanical, pest (coyotes, rabbits, gophers and ants) or vandalism hazard, mechanics of
repair and replacement, sales and service support; 9) non -irrigation uses- fertilizer
application, pesticide application, frost protection and control of wind erosion; and 10)
operator experience and preference.

I explored all of these factors with managers of the seven jojoba plantations I visited.
All plantations use groundwater from wells located on the property. Three are furrow -
irrigated, one is sprinkled, and three are currently drip -irrigated with sub -surface
double -wall tubing (19 mil, 12 -inch outlet spacing, 4 to 5 inches underground). All the
furrow-irrigated fields were formerly used for conventional field crops. Only one of the
three drip -irrigated plantations had been formerly surface -irrigated. The one linear -
move sprinkler system is on a very sandy soil where wind erosion would be a severe
problem without a cover crop.
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It is difficult to generalize about the primary reasons for choosing a particular method,
but irrigation efficiency and system cost were frequently mentioned with slope, soil
texture, water supply limitations and previous experience.

Projected Cultural Practices

Cultivation and harvesting operations may be affected by the irrigatioh system. For
example, a linear -move sprinkler system irrigates all rows simultaneously. The machine
probably would have to be moved to one end of the field (or to a turn -row) and the soil
would have to be allowed to dry before it could be cultivated.

Harvesting may require preparing the soil surface beneath the plants. This operation
might damage a sub -surface drip system (particularly replacement tubing located several
feet from the original tubing in the row). An above -ground emitter -type drip system
could interfere with harvesting operations.

It has been suggested that surface and sprinkler irrigation may be more conducive to the
spread of soil fungi than drip irrigation because of the occurrence of free water under
the former systems (2). However, I have also observed free water under drip irrigation,
particularly on medium and fine -textured soils.

Choosing the Best System

Some additional guidelines might enhance the decision process. The computer science
industry uses the idea of a default value. This is the value or mode used unless some
alternative is expressly specified. I suggest that surface irrigation be considered the
default method and hence should be used unless specific factors are identified that either
make surface irrigation impractical or that expressly favor sprinkler or drip irrigation.

The basic premise of this suggestion is that surface irrigation appears to be the most
predictable and widely adapted of the three methods. Linear -move sprinkler systems
work best on high- intake rate soils although furrow checks for reducing runoff may be
feasible. In some cases, there may be adverse effects of sprinkling water of high
salinity. The unknown longevity of drip systems, the high maintenance level required,
and the lack of experience with installing replacement systems reduce the certainty of
sustained and reliable performance.

IRRIGATION SCHEDULING

Irrigation water scheduling will vary with the stages of plantation evolution- -
establishment, plant development and production. During establishment, frequent light
irrigations are applied to enhance germination and to encourage seedlings or cuttings to
develop root systems.

Drip irrigation systems are ideal during establishment. Some operators use their drip
systems for daily, very light irrigations in a few hours; others use 1 -or 2 -day sets at
weekly or 10 -day intervals. Some drip system manufacturers prefer the more frequent
irrigations to flush sediments or chemical precipitates.

Current grower practice during the plant development stage generally is to apply a heavy
irrigation in the spring and fall, which is supplemented, in some cases, with a light
irrigation during the summer and winter, depending on rainfall.

Little information is available about irrigation during the production stage. There are
reports of increased frost damage if the plants are irrigated later than July or August
(3). I doubt that high production will be achieved if the plant is subjected to more than
moderate soil moisture stress. This is difficult to detect but the leaves are reported to
become somewhat lighter colored when stressed (4). Devices like the neutron probe may
be useful for scheduling irrigations.

SUMMARY

Much remains to be learned about water requirements, irrigation methods and irrigation
scheduling for commercial production of jojoba. Nevertheless, since plantations are
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being established, these issues must be addressed and tentative solutions must be
developed.

Starting with an estimated peak monthly consumptive use requirement of 0.15 inches per
day and incorporating assumptions of effective plant cover, soil moisture storage,
irrigation efficiency and hours of operation per day, I have concluded that a minimum of
1.5 to 2.0 gallons per minute per gross acre will be necessary to meet the needs of a
mature plantation.

Three types of irrigation systems are currently being used -furrow, linear -move
sprinkler, and perforated double -wall drip tubing. All are performing satisfactorily.
Each should be considered when establishing a new plantation. To enhance the decision
process, I suggest that furrow irrigation be considered the default method, i.e., the
method to be used unless specific factors are identified that make surface irrigation
impractical or that expressly favor sprinkler or drip irrigation. This by no means
excludes the latter methods; it simply aids the decision process.

Irrigation scheduling will vary with the stage of plantation evolution. For establishment,
frequent, light irrigations are needed to get the plants started. During the plant
development stage, most growers are applying a heavy irrigation in the spring and fall,
which is supplemented, in some cases, with a light irrigation during the summer and
winter.
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JOJOBA: A LONG -TERM COMMERCIAL PROSPECT

Lee Wayne Foerstner
Agri- Petroleum Development Company, Yuma, Arizona

ABSTRACT

The objective of 6 years of research and development by Agri -Petroleum Development
Company (AG- PETROL) has been to develop a cohesive and complete cultural plan for a
uniform commercial planting of jojoba, anticipating any problems that may occur. AG-
PETROL concentrated on: 1) investigating circumstances in the wild stands; 2)
developing a commercial technique for vegetative propagation and selection of
genetically superior strains; and 3) investigating diseases that may affect commercial
jojoba and development of a cultural plan to prevent these diseases. Vegetatively
propagated jojoba shows commercial promise, and the productivity and disease resistance
of jojoba rests on further research and development with a focus on examining the
natural mechanisms existing in the native state.

INTRODUCTION

I began research work on jojoba in 1976. My first encounter with an adult jojoba plant
was in the upper arboretum at Pierce College in Woodland Hills, California. This single
male plant was 24 years old at the time. It measured 14 feet high and had a
circumference of 69 feet. Two years later, while harvesting the wild stands of Aguanga,
I took a good yielding plant, weighed the seeds harvested from it, and measured the cubic
volume that the plant occupied. Projecting that yield to the Pierce College plant, I
figured that 200 plants of that size would fit on 1 acre, and estimated 8,000 pounds per
acre to be a realistic low end on yield of mature commercial jojoba. From that moment
until now, that is how I envision commercial jojoba to be after 24 years.

DISCUSSION

The path of learning about this plant has been slow and difficult. I have traveled to
every climatic and geographic location where jojoba grows natively, and have spent
hundreds of hours taking cuttings, harvesting seed and examining and comparing the
circumstances at play in the wild stands at different latitudes. Based on my research, I
believe that the first key to the commercialization of jojoba lies in understanding as
much as possible about the plant in its wild state. For example, wild walnuts (Juglans
californica and J. arizonica) grow in the same climatic zones as jojoba, with the
exception of Zone 11 (Joshua Tree National Monument) where it is too cold for walnuts.
Walnuts have a mean chilling requirement (temperatures less than 42 F to 7 C) of around
1,000 hours (1). The same holding true for jojoba, seed picked from plants in the high
desert with cooler winter temperatures will not bear well when planted in the warmer
lower desert areas. I personally believe that the process for good fruit set is a
combination of chilling and stress, causing the necessary hormonal changes (2).

My first thoughts concerning the commercialization of this plant considered the
possibility of vegetative propagation. This would create uniform plantings with
genetically superior, high yielding plants. My first attempts in 1976 were met with some
success. From 1977 to 1979 I visited the wild stands of Mexico and California many
times to take cuttings. Then there were many misconceptions about jojoba propagated
from cuttings. The chief criticism was that cuttings were not believed to be capable of
developing a taproot system, like plants propagated from seed. Our results, however,
revealed not just one deeply penetrating root but several. In addition, the rooted
cuttings quickly developed an extensive feeder root system.

During this period there was great fear and questioning about how much cold jojoba could
endure. I loaned a 1- year -old cutting plant to Mid -Coast Kiwi Company of Nipomo,
California. The owner, George Newman, placed the plant near his Kiwi frost alarm,
which was programmed to sound when the temperature dropped to 20 F. Newman
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reported that the alarm sounded twice during that winter. Damage to the plant was
minimal, and only one of the several flowers on the plant was damaged.

From my research I became acutely aware of a barrier to the commercial viability of
jojoba, which I now believe to be even greater than that of genetic variability. Alcorn
and Young reported that jojoba is susceptible to Phytophthora parasitica and Pythium
aphanidermatum (3). In 1981 Orum et al published another article' reporting the
susceptibility of jojoba to Verticillium dahliae and Phymatotrichum omnivorum (4).

In June 1981 in Baja California Sur, Mexico, I encountered another disease,
Macrophomina phaseolina in government experimental fields; one plot was flood
irrigated, the other was sprinkler irrigated (5).

I have since given the following advice to potential jojoba growers: 1) jojoba should not
be planted on old cotton ground since two of these diseases are common to cotton; 2) all
machinery that is used with jojoba should be cleaned and sterilized before it enters the
field; 3) tilling should be minimized since a number of diseases are spread by physical
movement of the soil; and 4) irrigation systems that minimize or eliminate the flow of
water between plants should be used since many of these diseases are disseminated
through irrigation water.

SUMMARY

AG- PETROL's approach to jojoba has been to understand as much as possible about the
plant in its native state. I have never seen a diseased or dying jojoba in the wild, not
even in areas where no rain has fallen for a year. A natural mechanism of jojoba in the
wild assists it in the uptake of nutrients, which may help with disease resistance. AG-
PETROL and two other commercial jojoba companies have recently begun a research and
development project with the assistance of the University of Arizona's plant pathology
department. We will be testing treated jojoba plants for disease resistance to
Phytophthora parasitica, Pythium aphanidermatum, Verticillium dahliae,
Phymatotrichum omnivorum and Macrophomina phaseolina and we will be developing this
process for commercial application. We will have results 1 year from now.
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CONSIDERATIONS IN MAKING A DECISION TO ESTABLISH A JOJOBA VENTURE

Yair Inov
Negev Jojoba Company, Tel -Aviv, Israel

ABSTRACT

The establishment of a jojoba plantation involves investments of manpower, land, water
and capital. To calculate the profitability of such a project one must estimate direct
and indirect costs and output. If growers can keep their costs of output lower than the
costs of most other growers, more acreage may be planted.

MEANS OF PRODUCTION

The establishment of a jojoba plantation, like that of any other agricultural productive
activity, involves investment of a number of resources. Such resources could be
classified as follows: manpower, land, water and capital. The first consideration
involved in a decision to use each of these means of production concerns their
alternative uses or the alternative use of various combinations of these factors.

I will briefly review the problems and considerations that involve the use of any of the
above factors.

Manpower

In the term "manpower" we include the entrepreneur, managerial and professional
manpower. Without all these factors the project could not be carried out. Obviously,
the main cost of such manpower is not its wages but its alternative cost, which is
expressed by not using it for other purposes. Namely, if we decide to establish a jojoba
plantation, we will not be free to use the same manpower for another activity. It should
be repeated and emphasized that the entrepreneur's time, attention and thinking, without
which the project could not be materialized, is an organic part of our definition.

Land

The following points should be considered. What could be grown on that particular land
(in case its use is limited to farming only)? The answer to this question depends on the
qualities of the soil and the climatic conditions of the said region. We have to decide
what possibility is favored. This decision involves economical considerations
(profitability), marketing opportunities, know -how and personal interest.

Water

Asuming that the establishment of a jojoba plantation is dependent on irrigation, the
main points to be considered are: 1) availability of water; 2) quality to be evaluated in
light of the interreaction between water, soil and the plant; 3) availability from the point
of view of timing of irrigation at the various periods of the year; and 4) the alternative
use of the water from the economical point of view. Under certain conditions, a jojoba
plantation could be established with no irrigation. Obviously, if such conditions exist,
the grower will have a considerable advantage compared to other growers and other
regions.

Capital

Capital could be available from our own means, from other investors, through
commercial loans and through funds available from the government or from international
sources. In all cases the main consideration has to be the actual cost of the use of
capital, either the direct or the alternative cost.
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PROFITABILITY CALCULATIONS

To calculate the profitability of the project we need the following data: estimation of
direct or indirect costs and estimation of output.

Estimation of Costs

The estimation of costs is comparatively the easiest of all. It requires experience, care,
precision and professional knowledge.

Estimation of Outputs

The estimation of outputs, in the case of jojoba, presents a difficult and complicated
assignment. In recent years we have been flooded with figures and estimates that
indicated desires (or dreams) more than actual knowledge and experience. One of the
most common systems is to pick a number of individually selected plants of jojoba,
define their yield, sometimes by way of weighing and sometimes just by estimations, and
then to multiply this figure by a desired number of plants per hectare. The outcome,
whatever it may be, very impressive or very poor, might be misleading. When we try to
make a projection of yields, we must consider a population of plants similar to the source
of the propagation material available to us.

It should be kept in mind that the present experience in regard to spacing is still limited
and our ideas of what should be the optimal spacing are not yet proven. Namely, we may
be growing too few plants per hectare and, as a result, we may be getting a lower yield
than could have been obtained. On the other hand, we may be growing too many plants,
thereby surpassing the optimum. This will cause too much competition between the
plants and, as a result, a lower yield per hectare will be obtained.

Most of the existing experimental plots do not represent conditions of commercial
plantations. In most cases, the spaces in these experimental plots differ from those
which are practiced in the new commercial plantations. The practice of cultivation,
irrigation, fertilizing, etc. in the experimental plots was not always consistent, equal and
uniform. During the process of experimenting, studying and observing, this practice was
changed once and again. This experience and practice supplied us with a lot of data from
which we learned and improved our techniques. On the other hand its main disadvantage
is the lack of consistency.

All the above points must be taken into account when we make our yield estimation.

Estimation of Selling Price

The challenge of estimating the selling price of jojoba is the most difficult task. The
reasons for that are well known to all those involved in the jojoba industry.

By international standards, the annual traded quantities of jojoba oil are negligible. Most
of the uses for jojoba that are mentioned in the popular articles either were not
thoroughly tested or were not tested at all. The two main proven uses are cosmetics and
lubricants. Therefore, to establish perfect standards for projections of demand and price
for 10 years ahead of us, is a very difficult task. Also we must be aware of the
possibility that a perfect synthetic substitute might be developed and thereby may affect
the price of natural jojoba oil.

CONCLUSIONS

All the above leads us to the cardinal question, should more jojoba plantations be
established? We estimate that until today about 15,000 to 20,000 hectares of jojoba have
been planted around the world and more plantations are being developed and planted. We
estimate that in 10 to 15 years' time the worldwide annual output of jojoba oil will reach
15,000 to 20,000 tons and will continue to grow. Everybody who faces a decision to
establish a jojoba plantation, must carefully consider his steps. I suggest that only those
who can satisfy themselves that their cost of output unit will be lower than the costs of
most or many of the other growers, should go ahead and plant more.
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A lower cost of output could be achieved mainly by two factors: a relatively low cost of
inputs and relatively high yields from a unit of inputs. We assume that a low cost of
input is a factor that might be changed in a relatively short period. Therefore, it is risky
to rely on this factor in a long -term project like a jojoba plantation. We are convinced
that the real advantage will be achieved by those who will reach high yields. To achieve
high yields, we must improve the various components of our system: 1) selection and
development of high yielding strains; 2) consistent, careful and long -term studies of
irrigation and fertilizing regimes and their interrelations; and 3) establishing jojoba
plantations where objective conditions of soil and climate are most favorable. The first
two factors call for constant and long -term efforts of research and development. The
third factor is basically an objective one, although it could be neutralized to a certain
extent by developing various strains adapted to various sets of conditions.
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DIRECT SEEDING OF JOJOBA UNDER DRYLAND CONDITIONS IN AUSTRALIA

Robert L. Dunstone

and

John E. Begg

Commonwealth Scientific and Industrial Research Organization
Division of Plant Industry, Canberra, Australia

ABSTRACT

Australia is a very dry continent with only limited amounts of water available for
irrigation. If jojoba is to be grown in Australia on a large scale it will be necessary to
develop low cost techniques of establishing and maintaining the plants under dryland
conditions.

During the 1981 spring season, large areas of jojoba were successfully established in New
South Wales and Western Australia by direct seeding without irrigation. On one farm the
land was cleared and fallowed for 7 months before sowing. The winter fallow period
provided soil moisture for the spring sowing.

The land was deep ripped along the rows. A tiller and bed -former combination built up
beds 50 centimeters wide by 20 centimeters high. Seed was presoaked to the stage of
incipient germination and was sown 3.5 centimeters deep at the rate of three seeds every
0.9 meters. Provisions were made for tanker watering of rows but adequate rainfall
made this unnecessary.

The establishment rate varied from 36 to 39 percent, sufficient to provide from 1.2 to
1.3 plants per meter of row.

INTRODUCTION

Mainland Australia is the driest of all the continents. A very large percentage of the
land area falls within the arid or semiarid zones having a low rainfall and a high potential
evaporation. Consequently runoff water available for storage for irrigation is limited
(Table 1). The irrigation water that is available is already heavily committed to the
production of cereals, forage and horticultural crops.

Jojoba may be developed in limited parts of Australia as an intensive, irrigated crop;
however, if it is to have an impact on the economy of the country, it must be developed
as an extensive dryland crop of the semiarid zone like the successful wheat industry.

Since yields under a dryland system will be considerably lower than those obtained under
intensive irrigated systems (1) it will be essential to keep establishment costs low and
operating procedures efficient. In response to this need some jojoba growers have
developed a technique for direct seeding jojoba on a large scale under dryland conditions.
It will be some years before the long -term performance of these plantations can be
assessed but the technique for plant establishment is now sufficiently well developed to
justify a preliminary report. The experience on a single property ("Cugong ") during 1981
will be used to illustrate a technique that is now widely accepted.

CLIMATIC ZONE

The farm studied lies in a region having an average annual rainfall approximately 400
millimeters and pan evaporation in excess of 2,000 millimeters. Rainfall is variable, a
range of 204 millimeters to 615 millimeters has been recorded during the past 30 years.
The mean daily maximum and minimum temperatures, respectively, range from summer
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Table 1. Mean rainfall and runoff for three continents (2).

Mean Annual
Rainfall Runoff

(millimeters) (millimeters)

North America 660 264

Africa 660 158

Australia 420 55

(January) 34 C to 18 C, to winter (July) 15 C to 3 C. Frosts down to -2.5 C in the screen
commonly are recorded in July. Soils are of medium texture and are categorized as red
brown earths. The property has traditionally been used for sheep raising. Although some
fields have been used for wheat crops, the region is marginal for annual cropping because
of unreliable rainfall.

LAND PREPARATION

After clearing, the land was clean fallowed for 7 to 8 months to conserve winter rainfall
and to reduce the weed problem at sowing time.

The land was surveyed and the rows were set out across the slope. Row spacing was set
at 4.8 meters to allow access for machinery and to provide an area for water harvesting.
A ripper fitted with one deep (80 centimeters) and two shallow tynes was run along the
rows to ensure easy root penetration during the establishment stage. Disk markers kept
the tractor on line and the row spacing correct.

The second pass was made with a rig consisting of a tractor -drawn rotary hoe and a bed -
forming implement. The operation provided a well tilled bed 20 centimeters high and 50
centimeters wide with a shallow channel on either side. The channels acted as guides for
the tires of machinery carrying out all subsequent operations.

SEED PRETREATMENT, SOWING AND EMERGENCE

Sowing was carried out with a precision drill that operated on the vacuum pickup
principal. A seed plate was custom drilled to pick up batches of three seeds, which were
deposited at sites 0.9 meters apart. Depth was controlled with zero pressure wheels
fitted close to the tyne. Side wheels running in the channels kept the row accurately
located on the top of the seed bed. A mould board in front of the tyne removed 4
centimeters from the top of the bed so that the seed was sown into moist soil. Seed was
sown at a depth of 3.5 centimeters.

Soil moisture conditions are most suitable for germination and establishment in the
winter. Although the long -term mean monthly figures show roughly uniform rainfall
throughout the year, the winter rainfall is more effective than summer rainfall because
it falls when evaporation is low. However, soil temperatures in winter are below the
optimum for germination, which is within the range 27 C to 30 C. The germination
percentage falls off rapidly with temperatures below the optimum; germination is zero
at 13 C (3). In trials, sowing has been carried out successfully in March (fall) or in
October (spring). Fall sowings are riskier than spring sowings. Their success depends
upon the length of time the soil temperature remains within the range for the seedlings
to emerge. To ensure that temperature requirements were fulfilled the grower decided
to begin sowing in the spring as soon as the soil temperature at sowing depth reached 24
C for 5 hours per day.

Although the land had been fallowed to conserve moisture, there was a high risk that the
surface soil layers would not provide sufficient water for germination. Experimental
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field sowings have shown that presoaking seed and watering beds before sowing can
increase the percentage of germination and can decrease the time to emergence. To
achieve rapid establishment in the large -scale plantings, seed was soaked overnight in an
aerated drum and then was transferred to open racks in a constant temperature room
where it was misted at 27 C for 3 to 5 days. Seed was sown at the first signs of incipient
germination. A water tanker system had been developed and tested in case no rain fell
during the sowing period. A single pass of the spray delivered 8 millimeters of water to
the row, sufficient to soak to sowing depth overnight. There was regular rainfall
throughout the sowing season in 1981 (Figure 1), therefore no attempt was made to water
the beds either before or after sowing.

Sowing was carried out, following each rainfall from October 2 to November 13 (Figure
1). The four sowing periods established 130 hectares of jojoba by sowing 275 kilometers
of row using a single tractor. An additional 20 hectares had been prepared but it was
judged that the soil temperature was rising too rapidly to continue.

The percentage emergence ranged from 39 percent for the early October sowings to 36
percent for the November sowing (Table 2), rates very similar to those reported by De la
Vega (4) for pregerminated seed. Emergence was first noted 20 days after the October
sowings and 17 days after the later sowings. All sowings were successful in establishing
a satisfactory density of plants ranging from 1.2 to 1.3 plants per meter. On a second
property ( "Glenayr ") seed was sown 4.5 centimeters deep at the rate of three seeds each
.65 meter. At 25 percent establishment this also provided 1.2 plants per meter of row
(Table 2).

SCOPE FOR IMPROVEMENT

Begg (5) showed that unsoaked seed sown 2 centimeters deep began germinating about 7
days after sowing. The root rapidly elongated and reached a depth of 10 centimeters by
day 11. The shoot did not emerge until day 31 when the root was more than 50
centimeters deep. Because seed was presoaked for the field sowings, emergence was
more rapid. It may be inferred that rapid root growth began only a day or two after
sowing. If it could be assured that the surface layer would remain moist for that critical
few days, then an advantage in terms of percentage emergence and a shorter time to
emergence could be gained by sowing 2 to 3 centimeters deep rather than the 3.5 to 5.0
centimeters used in 1981. Depth of sowing has been shown to be important with shallow
sowings performing best if moisture can be maintained. It may be practical to maintain
soil surface moisture by applying water from the tanker and reducing evaporation by
mulching.

CONCLIISION

Although only one farm operation has been considered in detail in this paper, three other
growers known to us established areas in excess of 130 hectares under dryland conditions
during 1981 using techniques that are very similar to the one described. In each case the
density of established plants was satisfactory and the resulting bed structures allowed
cultivation and spraying along the rows with a minimum of damage to the seedlings.

Although we are still several years from accurately assessing the yield potential of
jojoba under dryland conditions in the semiarid wheat belt of Australia, it is encouraging
for the industry that a suitable low -cost method of establishing jojoba in the field has
been proven at a number of locations.
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LA INFESTACION DEL BARRENADOR DE CABEZA REDONDA
(SAPERDA CANDIDA FABR.) EN LAS POBLACIONES DE JOJOBA SILVESTRE

DEL ESTADO DE SONORA

Ulises Celaya N.

ABSTRACT

Saperda candida Fabr., a boring insect, attacked several native stands of jojoba in the
state of Sonora, Mexico. Impacts of this infestation during April, May and June 1981
were evaluated.

INTRODDCCION

Debido a la gran importancia que el ponente considera al estado de infestación de la
plaga de referencia, importancia relacionada con la gran cantidad de plantas afectadas y
la seriedad del daño provocado en éstas, consistente en la destrucción de gran parte de
las plantas, y muerte de las mismas, tengo a bien poner en conocimiento de este congreso
internacional el resultado de las inspecciones desarrolladas durante los meses de abril,
mayo y junio del afro de 1981.

SITIOS INSPECCIONADOS

Las inspecciones se desarrollaron en varios lugares, los que se describen a continuación.

Sierra del Alamo terrenos pertenecientes al poblado "Juan Escutia," en la región
correspondiente a la Sierra del Alamo, esta situada como a 50 kilómetros al poniente de
la Ciudad de Caborca, Sonora. El sitio de inspección está localizado como a 15
kilómetros al suroeste de la parte más alta de la Sierra y corno a 7 kilómetros al noroeste
del Mineral de San Félix.

Sierra Tordilla este localizado en la ladera arenosa de la Sierra Tordilla, al norte y frente
al pico más alto de esta Sierra, como a 30 kilómetros del Puerto Lobos en terrenos
pertenecientes al Poblado "Gral. Manuel Avila Camacho."

Libertad se localiza en el faldeo que dá al poniente del Cerro de Santa Maria, como a 6
kilómetros al norte del Poblado de Puerto Libertad. Este sitio se encuentra entre la
sitada Sierra de Santa Marra y el Cerro Bola, prominencias que forman la punta de
Puerto Libertad, en terrenos pertenecientes al Pueblo de Libertad.

San Igancio se localiza como a 12 kilómetros al sur del Poblado de Puerto Libertad en la
parte en donde colindan los ejidos "Victoria y Libertad" y "San Ignacio," como a 10
kilómetros al oriente de Punta Cirio y consiste en una ladera arenosa de pendiente suave
que asciende al poniente hasta los primeros cerros que forman parte de la Punta de
Cirios.

Se efectuaron inspecciones en varios lugares situados en las areas intermedias de los
sitios descritos.

PLAGAS OBSERVADAS

En el sitio de la Sierra Tordilla se observó una infestación de larvas de aproximadamente
12 milímetros de color rosado en las cápsulas tiernas de jojoba destruyendo los óvulos
fecundados y en crecimiento, provocando la perdida total de la producción de semilla en
esa región. Estas larvas fueron identificadas como pertenecientes al orden de
Lepiddpteras y familia Pyralidae, según diagnóstico preliminar de la Direccion General
de Sanidad Vegetal, segun Oficio 7709 del 8 de mayo de 1981. Esta plaga ya ha sido
observada, provocando daños similares en regiones de Estados Unidos y reportada a esta
Comisión Internacional, por lo que en esta ocasión no haré más comentarios, dedicando
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esta conferencia especialmente para la plaga Saperda candida por considerar más
importantes los daños provocados por ésta.

SAPERDA CANDIDA FABR.

La larva de Saperda candida Fabr. es de color blanco cremoso, con las partes bucales más
obscuras y la cabeza redonda en forma de cápsula, presenta una gran movilidad al
exponerse al sol, de alrededor de 30 milímetros de largo, que perfora el tallo de las
plantas construyendo largas galerías al consumir el duramen y afectando en partes la
zona del cambium. Por comparación de esta larva con información y descripciones
localizadas en varias obras de entomología he concluido en que se trata de la plaga
conocida con el nombre común de barrenador del manzano, siendo un barrenador de
cabeza redonda, orden Coleóptera, familia Cerambicidae.

Esta plaga ataca algunas plantas silvestres principalmente arbustivas como la manzana
silvestre, fresnos de la montaña y a frutales como manzana, membrillo, pera, etc. El
adulto es un escarabajo de 30 milimetros de largo de color café gris con dos franjas
blancas que corren a lo largo del cuerpo muy contrastantes con el color obscuro. Este es
conocido como uno de los escarabajos de cuernos largos.

Según la información referente a esta plaga recabada por el ponente, su ciclo biológico lo
es de 2 a 4 años, siendo lo mas común de 3 años, la larva crece generalmente durante dos
años, la pupación ocurre en la primavera del último año del estado larvario y tiene lugar
en las galerías excavadas por la larva. Los adultos entran en actividad en los días finales
de abril a septiembre, dependiendo de la latitud y es en julio cuando se encuentran las
mayores poblaciones. Una semana después de la emergencia de los adultos, empieza la
ovoposición y los huevesillos son depositados en pequeñas cavidades del tronco,
generalmente cercanos al suelo y al eclosionar la larva penetra al tallo y comienza a
alimentarse dirigiéndose directamente al corazón de la madera construyendo una larga
galería por el centro de las ramas y tallos de la planta de jojoba en la que se observan los
agujeros, que conectan la galería al exterior y por donde sale una gran cantidad de
excremento fibroso con aspecto de aserrín.

GRADO DE INFESTACION

El grado de infestacion en la región descrita es alarmante, en la Sierra del Alamo se
observó un 15 por ciento de plantas afectadas, en la Sierra Tordilla un 80 por ciento de
las plantas, en Libertad el 95 por ciento de las plantas y en San Ignacio un 60 por ciento.

DAÑOS

La larva al consumir el duramen construye largas galerías de 30 a 60 centímetros de
largo, provocando la muerte de gran cantidad de ramas y dirigiéndose hacio abajo hasta
perforar los tallos principales, el tronco de la planta, así como en el cuello de la raíz y
abajo de asta.

El ponente ha reportado estas infestaciones al Gobierno del Estado de Sonora, por medio
de comunicación dirigida a la Dirección de Fruticultura y Forestal del Estado con fecha 3
de abril de 1981, así como a la Comisión Nacional de Fruticultura, en carta dirigida a la
Subdirección de Operacion Frúticola, con fecha 30 de marzo de 1981, y con el propósito
de que estas instituciones dediquen recursos para el estudio y posible combate de esta
plaga, y es con la misma intención con la que se expone ante esta asamblea
internacional, considerando que si esta plaga es endémica de la región, la jojoba aunque
con graves lesiones ha podido subistir, seguramente subsistirá en el futuro, pero sf por el
contrario, la presencia de este barrenador en esta zona, ha sido en épocas relativamente
recientes, lo que es muy probable, ya que es en los últimos años, en los que esta gran
región ha sido comunicada por medio de la construcción de vías de acceso, por el hecho
de haberse abierto áreas importantes a la agricultura, fomentado la pesca y construido
plantas generadoras de energía, entonces, si la infestación es reciente, seguramente que
de no tomarse las medidas necesarias para la protección de la planta contra esta plaga,
las poblaciones silvestres de planta de jojoba, desaparecerán en un futuro muy próximo,
por lo que se solicita a este comité internacional efectuar las gestiones que sean
necesarias ante las instituciones oficiales de los distintos paises y ante las demás
involucradas en el fomento y desarrollo de la jojoba, a fin de efectuar los estudios
necesarios para el control de esta plaga y evitar en lo posible la desaparición de
Simmondsia en grandes áreas de su habitat natural actual.

164



PLANTATION COSTS AND FINANCING

165



FIVE -YEAR PROJECTED CASH OUTLAY OF A COMMERCIAL JOJOBA PLANTATION

Wm. Howard O'Brien
Wm. Howard O'Brien Company, Phoenix, Arizona

ABSTRACT

Variables affecting per -acre costs of a commercial jojoba plantation include land, soil
conditions, rainfall, topography, irrigation method and the use of consultants. A 320 -
acre plantation seems to be the smallest unit that financiers are interested in and
appears to be the minimum economical size to manage efficiently. Because of the 5-
year cash outlay before any return on the investment, major growers have financed
operations by pooling resources of limited liability partners or through stock offerings.
Also, several small plantation owners finance their own operations. Results of this study
reveal the following: 1) high energy costs for water are forcing farmers to change to
xerophytic crops like jojoba; 2) drip irrigation is overtaking furrow irrigation as the most
efficient system; and 3) as we gain experience in growing jojoba, the growing costs tend
to reduce.

INTRODUCTION

Land, soil condition, rainfall, topography irrigation methods, and the use of consultants
affect the per -acre cost of a commercial jojoba plantation. Starting with the cost of
acquiring land, the per -acre cost can vary considerably if one is: a) establishing a
plantation on a farm equipped with a well at a cost of $2,000 per acre; b) establishing a
plantation on an old desert farm with an antiquated well at $800 per acre; c) establishing
a plantation on raw desert land where a well needs to be drilled; or d) establishing a
plantation on government -leased land that has no private ownership.

The amount of water and fertilizers needed, and therefore the cost, is affected by soil
conditions. Sandy soil requires more water and more fertilizer while fertile sandy loam
requires less of each. The amount of rainfall affects the amount of irrigation that is
required.

A plantation located on a bajada has natural air drainage that will require less frost
protection than one located on the valley floor. (Bajadas are the lower gentle slopes of
the mountains surrounding a valley). More importantly, being located on the bajada
directly enhances natural pollination.

Another variable is the type of irrigation system used. Cost of the laser -leveled furrow
irrigation system increases concurrently with the cost of power needed to run the pump.
As power rates continue to increase, the drip irrigation system gains considerably more
significance as a viable commercial irrigation method. The drip system is fast becoming
the more economical irrigation method of the two. Table 1 compares the 5 -year cost of
both irrigation systems.

The utilization of and type of consultants can affect the cost per acre. The advancing
research findings in the area of increasing jojoba plant yields, particularly in cloning
culture, have made investment in a consultant a necessity.

CASE STUDY

For the jojoba plantation discussed in this paper, the following features apply: a) size,
320 acres (300 acres net excluding roads); b) climate, arid desert with temperatures
ranging from 25 F to 115 F and an average annual rainfall of 6 inches; c) water source, a
1,200 -foot well powered by a natural gas 350 HP pump. Well production is 1,000 gallons
per minute and the static water level is 600 feet; d) topography, on the upper slopes of a
desert valley (1,200 -foot elevation) with natural air drainage; and e) soil, fertile sandy
loam.
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Jojoba bushes are planted in 13 -foot rows. The land is maintained and supervised under
contract.

The property has been financed under a long -term lease- purchase agreement with
payments of $375 the first year, which includes the broker's commission, and $175 per
acre annually thereafter. This payment includes principal, interest, taxes and liability
insurance (PITI).

CONSIDERATIONS

The 320 -acre plantation seems to be the smallest unit that the financiers are interested
in. It appears to be the minimum economical size to manage efficiently.

Because of the 5 -year cash outlay before any return on the investment, the major
growers have financed the operation by: a) pooling the resources of limited liability
partners; or b) pooling resources by stock offerings. There are also several small
plantation owners who finance their own operations.

SUMMARY

There are three surprises that have evolved as a direct result of this study. The first is
the enormous impact on the Arizona farmer that the three recent energy price increases
will have during the next 2 years and how happy I am growing a xerophyte like jojoba. It
is interesting that when the industrialist raises the cost of water the farmer can likewise
lower his consumption of it.

The second surprise is that because of the continuing prospect of energy and labor cost
increases, the drip irrigation system now appears more efficient in reducing water and
weeding costs than even the laser /furrow irrigation system. Even progressive Arizona
cotton farmers are adopting it and for the same reasons.

The third surprise finding is that as our expertise in planting and growing jojoba matures
with experience and the exchange of ideas, such as at this conference, our confidence
seems to be reflected by lower growing costs in our cash flow projections.

While rumaging for material for this paper, I came upon an interesting article about
silver in a back issue of the Silver & Gold Report titled "Silver: A Monetary Metal Since
the Beginnings of History" (1). I have taken the liberty of substituting "jojoba oil" for the
word "silver." It reads as follows.

Jojoba oil is scarce and beautiful. So beautiful it's been used for adornment
throughout the ages.

Jojoba oil is also "fungible" which means an ounce of pure jojoba oil is just
like any other ounce of jojoba oil, and you can substitute one for the other.
Jojoba oil is infinitely divisible, so it can be broken down into units that are
easy to store and transport. Finally, it's durable, so when you store it and
later come back, it's essentially unchanged.

The scarcity, desirability, fungibility, divisibility and durability combine to
make jojoba oil superb for use in international trade and can function as
money.

REFERENCES

1. Rosenthal, D., ed. 1981. Silver: A monetary metal since the beginnings of history.
Silver & Gold Report 6(10):2.

169



TAX RAMIFICATIONS OF INVESTING IN JOJOBA

Brian A. Weng
Coopers & Lybrand, Phoenix, Arizona

ABSTRACT

An extended write -off of preproductive expenses for income tax purposes is available
because of jojoba's long maturation period. There are, however, limitations on the
current deductibility of soil and water conservation and land clearing expenditures,
which are based on gross income or taxable income limitations. There may be potential
risks to passive investors regarding the deductibility of preproductive expenses. Because
of jojoba's relatively recent emergence into commercial cultivation, these potential risks
are very difficult to judge.

INTRODUCTION

Investment in jojoba plantations is unique in many ways. Not the least of these is the
opportunity for tax write -offs that can be generated over an extended period of time.
However, as discussed below, the passive investor, as opposed to active farmer, must be
aware of certain risks regarding the deductibility of costs incurred in preproductive
years.

PREPRODUCTIVE EXPENSES

Jojoba presents this opportunity for tax benefits because of its unique maturation period.
While farming operations generally provide certain tax advantages in the year before
production begins, the jojoba plantation can provide these benefits for a much longer
period. This is because jojoba will not begin producing its valuable seed in commercial
quantities until approximately the fifth year after planting. This allows the farmer to
deduct all expenses incurred under that taxpayer's method of accounting for upkeep,
management, taxes, interest and other carrying charges, water for irrigation, fertilizer,
controlling undergrowth and insects and other non -capital expenditures for that period.
Therefore, the majority of expenditures made by the farmer may be written off for tax
purposes before any income is generated.

At the option of the taxpayer, these expenses may be capitalized instead (1). The
election to capitalize may be beneficial if the taxpayer cannot utilize the deductions in
the current year or carry back the taxable loss to any of the prior 3 years or if he does
not expect to be able to use the loss during the statutory carry-forward period. Since
the law now provides for a 15 -year carry -over of tax losses, this should not be as
important of a consideration as it once was (2). Also, although capitalized preproductive
expenses attributable to depreciable assets may be recovered through depreciation or
amortization, those expenditures relating to land are not recoverable through
depreciation but only upon disposition of the land. The election to capitalize
preproductive period expenses is a yearly election that cannot be revoked (1).

LIMITATIONS

The long period until revenue is generated can create a disadvantage for tax purposes in
the case of soil or water conservation and land clearing costs. The deduction for these
expenditures, which also may be deducted at the option of the taxpayer, is based on
either gross income or taxable income, respectively.

A taxpayer may elect to deduct soil or water conservation expenses incurred for the
purpose of maintaining a farm and preserving its normal productivity, but not for the
purpose of increasing the value of the land or its products or to convert the land to a new
use (3). The costs that may be deducted are those incurred for the treatment or moving
of earth including, but not limited to, leveling, conditioning, grading, terracing,
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contouring furrows, eradicating brush, planting windbreaks, filling in ditches and
constructing diversion channels drainage ditches, earthern dams and irrigation ditches.
The election does not apply to depreciable items made of masonry, concrete, tile, metal
or wood such as tanks, canals, pumps and wells. Also, the deduction does not apply to
expenditures for converting the land to a new use. The regulations indicate that as long
as land was previously used for any farming purpose, soil or water conservation
expenditures made to convert to another type of farm would qualify (4)..' Therefore, it
appears that expenses incurred converting land previously used for growing other crops,
like cotton, to jojoba production would qualify.

The problem for jojoba producers is that the total deduction allowed in any one year for
soil or water conservation expenditures is limited to 25 percent of the taxpayer's gross
income from farming for the year in which the expenditures are made or incurred (5). In
the case of the long -maturing jojoba plant, no deduction will normally be allowed until
approximately the fifth year. It should be noted that gross income for purposes of the
limitation is calculated based on a farmer's total proceeds received in the business of
farming and not only on the farm on which the soil or water conservation expenditures
are made. Any amount not deductible in one year may be carried over indefinitely and
deducted in following years subject to the same 25 percent of gross income limitation
(6).

Similarly, land clearing costs like removing trees, stumps, brush and rocks and diverting
streams may be deducted at the taxpayer's election. Expenditures relating to
depreciable irrigation systems, concrete canals and sprinkler systems must be recovered
through depreciation. The deduction for land clearing expenses cannot exceed 25
percent of the taxpayer's taxable income from farming operations, up to a maximum of
$5,000 (7). Taxable income from farming means gross income less deductions
attributable to farming, not including land clearing costs. Any amounts not deductible
due to this limitation must be capitalized. If farm land that has been held less than 10
years is disposed of at a gain and if the election to deduct soil or water conservation or
land clearing expenses is made, all or a portion of such deductions must be recaptured as
ordinary income (8).

POTENTIAL RISKS

It is possible for passive investors in a "farming syndicate" to lose a substantial portion
of preproductive period deductions. For this to occur, two sections of the Internal
Revenue Code must be examined in detail. Internal Revenue Code (9) defines a farming
syndicate as

a partnership or any other enterprise other than a corporation which is not an
electing small business corporation (as defined in Section 1371 b) engaged in
the trade or business of farming, if at any time interests in such partnership
or enterprise have been offered for sale in any offering required to be
registered with any federal or state agency having authority to regulate the
offering of securities for sale, or

a partnership or any other enterprise other than a corporation which is not an
electing small business corporation (as defined in Section 1371 b) engaged in
the trade or business of farming, if more than 35 percent of the losses during
any period are allocable to limited partners or limited entrepreneurs.

The term "limited entrepreneur" is defined as a person who has an interest in an
enterprise other than as a limited partner and who does not actively participate in the
management of such enterprise. Thus, those investing in most offerings required to be
registered by a federal or state agency would be classified as being members of a
farming syndicate. Also, assuming the usual situation in which investors receive the bulk
of tax losses, those investing in a limited partnership or other arrangement whereby the
investors are not actively involved in management would be similarly classified. This
probably would include a management contract if the owner is not actively involved in
the management decisions. There are several exceptions that treat an interest as not
being held by a limited partner or a limited entrepreneur (10). The most important of
these excludes from these provisions any farming interest held by an individual whose
principal business activity involves active participation in the management of a trade or

172



business of farming. The other exceptions will not be discussed in this paper because of
their limited application.

The determination as a farming syndicate is not in itself an extremely negative
consequence for most offerings involving jojoba production since this section only
disallows deductions for prepayment of feed, seed, fertilizer or other similar farm
supplies until the supplies are actually used. Prepaid deductions are not a siknificant
element in most jojoba offerings. However, Internal Revenue Code could impose much
worse consequences since "any farming syndicate (as defined in Section 464 c) engaged in
planting, cultivating, maintaining, or developing a grove, orchard, or vineyard in which
fruits or nuts are grown" must capitalize any expenses incurred before the first taxable
year in which a crop in commercial quantities is produced (9, 11). Therefore, all such
costs for approximately the first 4 years would have to be capitalized and depreciated
beginning in the first year of commercial production. Presumably, any costs relating to
the bush that would have to be capitalized would qualify for investment tax credit (12).

The arguments that may be advanced by the Internal Revenue Service with respect to
this section are that the jojoba plantation is similar to a grove or orchard and that it
produces a product similar to a nut. Of course, there are strong arguments that the
jojoba plantation is not similar to a grove or orchard and that the bush yields a seed and
not a nut. However, the general premise of Section 278 is to require capitalization of
pre -productive costs in situations when commercial production occurs a substantial
period of time after planting. It is not hard to see the analogy to the relatively long
maturing jojoba plant. It should be recognized that there are no court cases or rulings or
regulations published by the Internal Revenue Service that give any indication that this
position will or will not be taken. Thus, it is not possible to accurately determine how
much risk an investor faces in this area.

CONCLIISION

Investment in jojoba offers some unique opportunities for an extended period of tax
deductions. However, there are some disadvantages and, at the present time, there is a
risk that preproductive costs may have to be capitalized by limited partners and
investors who are not actively involved in the management of the jojoba plantation.

REFERENCES
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IMPORTANCE OF SELECTION AND EVALUATION OF VEGETATIVELY PROPAGATED
JOJOBA BEFORE COMMERCIAL RELEASE

LeMoyne Hogan

and

David A. Palzkill

University of Arizona, Tucson

ABSTRACT

Vegetative propagation techniques, if properly used, can have three main advantages
over seed for jojoba and similar heterozygous plants: 1) uniformity and high yields; 2)
earliness of bearing; and 3) reduced costs of cultural and harvesting operations. It is
extremely doubtful if anyone has a jojoba selection that has reached a stage for
commercial release. To properly select and evaluate a new jojoba cultivar could take a
lifetime; however, preliminary selections and testing over 8 to 10 years could increase
yields in comparison to seed -propagated plants.

INTRODUCTION

The University of Arizona's plant sciences department has been a long -time advocate of
vegetative propagation methods to increase jojoba. Anyone familiar with fruit tree, nut
or landscape plant industries understands the importance of using clonal material as
planting stock for plants that do not reproduce true by seed.

Vegetative propagation, if properly used, can have three main advantages over seed
propagation for jojoba and similar heterozygous plants: 1) Yields are higher and more
uniform -A mixture of seedling jojoba plants vary greatly in the quantity of seed each
produces in a particular year. The seed from different plants vary in wax content; many
plants vary in seed yields from one year to another. Only by careful selection and the
use of tested clonal material can consistently high yields be obtained. 2) Plants bear
fruit earlier- Jojoba plants reproduced by stem cuttings from producing plants do not
undergo a juvenile stage like seedlings. They flower and produce commercial yields of
seed from 1 to 2 years earlier than seedlings. 3) Costs of later cultural and harvesting
operations are reduced -Jojoba cultivars can be selected for forms that are adapted to
cultivation and mechanical harvesting. Plantings of clonal material are uniform in size
and shape. There is uniformity of flowering and fruiting. Fruit is more uniform in both
size and wax content. Pollination can be facilitated by selecting males that produce
large amounts of pollen at the optimum time for pollination. Also, the time of seed
maturity is more uniform; therefore, fewer harvests of a field should be required.

A practical, economic method for vegetatively increasing selected and evaluated
cultivars is absolutely essential to reach the yield levels that must be achieved before
jojoba becomes a successful crop.

During the past 18 years we have worked to develop high yielding varieties and methods
of vegetative propagation that could be used effectively and economically to increase
varieties after they are identified and adequately evaluated.

Developing a method for increasing selections required much less time than selecting and
testing varieties. We can now effectively reproduce jojoba by stem cuttings. We also
have shared this information with other research scientists and individuals in the
industry. When we presented a paper on the propagation of jojoba by stem cuttings at
the Second International Conference on Jojoba, Ensenada, Mexico, in 1974, very few
individuals believed that this was a viable way to establish plantings. Several individuals
told us that it was too expensive and was not needed for jojoba. As we visited and talked
to present and potential growers this past year we found that they now want to plant
vegetatively propagated material. They do not plan to wait until selections are properly
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evaluated before making large -scale plantings of virtually untested material. Most
individuals do not fully understand the serious implications of planting large acreages of
untested vegetatively propagated jojoba. Simply stated, there now is a suitable method
available to increase jojoba vegetatively but there are no selections that have been
adequately tested for commercial planting.

The selection of fruit tree and other woody plant cultivars extends over such a long
period that one man's life -span may not be sufficient to see it to a finish. Certainly 5 to
10 years is much too short. We are positive that to find the best jojoba selections and to
determine the optimum conditions for growing those selections, will be a lifetime job.
We also know that individuals in the jojoba industry will not wait that long. However, we
believe that preliminary selections and testing over 8 to 10 years can increase yields
over seedling plants.

VARIETY SELECTION AND ADAPTABILITY

Many problems are encountered in selecting varieties and in understanding a plant's
adaptability to different locations.

Jojoba seems to be a species with large variability. It contains a large number of types
of low adaptability, therefore, the task of acclimatizing is fascinating but difficult,
expensive and time consuming. The problem of finding the best genotype for a certain
set of conditions makes it imperative to introduce as large a collection of genotypes as
possible from all areas where jojoba is found in the wild state or where it has been grown
successfully. This applies to all planting sites in the United States and is extremely
important to groups that want to grow jojoba in other parts of the world. Until we know
better the adaptability of individual jojoba cultivars it is important that some
organization in each area undertake a selection and testing program of its own.

Since we lack complete knowledge about the physiology of jojoba and its reactions to
environmental, soil and other factors in its native habitat, it is seldom possible to
determine from the information now available if jojoba will succeed under new sets of
conditions. The difficulty in determining whether jojoba will be adapted to an area is
that combinations of factors such as soil type, drainage, salinity, temperature, light and
their united effect, rather than one single factor, determine the success of jojoba at a
particular site. It is clear that when jojoba is introduced to a new area it should be tried
under the most optimum conditions known in that area, but it also should be tried under
several conditions that differ from the assumed optimum.

We now recognize the tremendous variability found in seedling jojoba plantings. Jojoba
is one of the most heterozygous plants with which we have worked. A plant scientist
could not ask for more variability in a plant species. There are opportunities to make
truly outstanding individual plant selections from seedling populations, if the selection
process is conducted properly. Every jojoba seedling is a distinct individual, which varies
in characteristics like: age of first flowering, season of flowering, fruit size, oil content,
seed yield, yearly consistency of yield, plant shape, plant size, cutting rooting ability,
tolerance to salinity, disease and pest resistance and many other equally important
factors. We are deeply concerned that some individuals or groups are moving too fast
and are now propagating and planting or selling cuttings or tissue cultured plantlets of
selections that have not been adequately tested.

To properly select and evaluate a new jojoba or any other cultivar requires a lot of long,
hard, tedious work. As far as we are concerned it is extremely doubtful if anyone has a
jojoba selection that has reached the stage for commercial release. All potential
cultivars are either in the selection or evaluation stage.

The minimum steps necessary before a new cultivar is released are as follows.

1. Selections should be made by one knowledgeable, extremely observant individual who
routinely and carefully walks through a field of seedlings and identifies those plants with
one or more desirable characteristics. Those plants must then be permanently labeled
and notes on flowering time, growth periods, size, form, etc. must be made periodically
as the plant develops.
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2. All selected plants must be harvested individually. Seed must be cleaned and dried
before determining seed size, plant yield and oil content.

3. Procedures 1 and 2 must be continued until it is certain that the plant is a
consistently high seed producer and that it possesses the other necessary desirable
characteristics.

4. Four to 5 years after planting seed, tentative selections can be made and one can
begin standard rooting studies to determine the rooting percentage of the selections and
to increase the number of plants obtained from the mother plants. These rooted cuttings
then should be placed in mother blocks to further evaluate the individual selections in
larger plantings.

5. Rooted cuttings also should be planted in several environments to determine their
climatic and soil adaptability.

6. Tolerance to salinity also should be determined.

7. Selections should be tested against known jojoba pathogens and pests to determine
susceptibility or resistance.

8. Approximately 8 to 10 years after the initial seeding, if one has done his work
carefully and thoroughly, he may have sufficient data on a cultivar to estimate its
growth rate, yields at certain ages, and its climatic and soil adaptability.

CONCLIISION

We can understand the impatience and the need for future plantings to come from
vegetatively propagated clonal material, but to do so now is extremely risky. Not
enough is known about the plants that are now being increased or that are about to be
increased, to plant them commercially. If growers are not extremely careful there will
be unnecessary financial losses and the reputation of the jojoba industry will be seriously
affected.

Commercial jojoba growers are in an excellent position to help further the domestication
of jojoba. If growers and research scientists work together and if the cultivars that are
released are adequately tested, we can expect to see jojoba firmly established as a
valuable new crop for areas with limited water.
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NUTRITION AND GROWTH OF VEGETATIVELY PROPAGATED JOJOBA

William R. Feldman

David A. Palzkill

and

LeMoyne Hogan

University of Arizona, Tucson

ABSTRACT

Experiments to optimize nursery production methods for vegetatively propagated jojoba
were performed at the University of Arizona, Tucson. The effects of slow -release
fertilizers during and after propagation, in relation to changes in node number, leaf area,
shoot and root dry weight and shoot nutrient status were investigaed. For cuttings
rooted in both the spring and summer 1982, rooting percentages, significantly lower than
those of the controls, were found at the highest level of isobutylidene diurea fertilizer
(9.2 pounds per cubic yard). Spring 1981 cuttings in some fertilizer treatments showed
significantly higher values than controls at lining out for node number, shoot fresh
weight, root dry weight and root as percentage total dry weight. For summer 1981
cuttings, node number and fresh and dry shoot weights were significantly higher than
controls, particularly those treated with Osmocote or the highest level of sulfur- coated
urea. For spring -rooted liners grown in full sun, the leaf area, shoot dry weight and node
numbers per cutting were greater for prefertilized plants. Among sun- and shade -grown
plants node number per cutting was significantly greater for sun -grown plants.
Correlations between tissue nutrient levels for spring- rooted cuttings in 1981 at lining -
out, showed significant relationships between percent nitrogen in shoots and shoot fresh
weight, root fresh and dry weights and node number per cutting. Shoot potassium levels
were highly significantly correlated with node number per cutting. Studies incorporating
Osmocote into the potting media indicated that rooting -bench fertilized plants tend to
retain an advantage over controls for at least 3 months after lining out and, in some
cases, for as long as 6 months.

INTRODUCTION

Vegetative propagation of jojoba by stem cuttings is currently assuming an important
role in ongoing efforts to improve the crop. Methods of vegetative propagation by
rooting of stem cuttings under intermittent mist have been reported previously (1, 2). In
addition to rooting, growth during the nursery stage and success of field establishment
are important aspects for establishing crops from stem cuttings. In 1982, we reported
increased growth and nutrient uptake of jojoba cuttings rooted with either soluble or
controlled -release fertilizers (CRFs) (2). We also found that the growth advantage
imparted to cuttings rooted with Osmocote 18 -6 -12 (8- to 9 -month release time) was still
evident 6 to 12 months after lining -out (potting) (2).

Light intensity and fertilizers are also important factors influencing growth of the
potted liner during the nursery stage. A number of plants show decreased growth with
decreasing light intensity, e.g., decreases in total dry weight in apple (3, 4), in dogwood
below 75 percent full sun (5) and in chrysanthemum (6). Decreases in leaf area or
number have accompanied decreased light intensity in apple (3) and dogwood (5). On the
other hand, decreasing light intensity from 100 to 75 percent resulted in increased fresh
and dry weight of dogwood (5). Leaf area of Ilex opaca increased as shade increased
from 0 to 50 to 82 percent (7).

CRFs began to play a role in nursery production of woody ornamentals about 20 years
ago (8, 9). Recent work has used materials like Osmocotes (10, 11), isobutylidene diurea
(IBDU) (11, 12) and others. Differences in fresh weight of controls and treated
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Kalanchoe Blossfeldiana were significant in the following order: Osmocote, constant
liquid feed, non -fertilized controls. In addition, increasing rates of Osmocote 19 -6 -12
resulted in increased fresh weights at up to two times the recommended rate and growth
was depressed at four times the rate (13).

Optimizing growth during the nursery stage is of little value if it hampers successful
establishment of transplants in the field. It is possible that large,' well fertilized
transplants could be less able to withstand stress than their smaller, more poorly -
nurtured counterparts. Transplants of red pine (Pinus resinosa Ait.) fertilized in the
nursery stage, had a significantly lower field survival rate than control plants (14).

Our studies were undertaken: 1) to determine if the positive growth responses to rooting -
bench fertilizing encountered earlier (15) were repeatable; 2) to determine if carry -over
effects of rooting -bench fertilizing could be discerned later in the nursery stage; 3) to
study effects of nursery production under 50 percent shade and full sun on liner growth;
4) to study effects of differing nursery -stage fertilizing regimes on liner growth; and 5)
to determine if survival rates after field transplanting were affected by rooting -bench
and /or nursery fertilizing practices.

MATERIALS AND METHODS

Five -node cuttings of 20 different male plants from the University of Arizona's Mesa
Experimental Farm were obtained on March 18 and June 8, 1981. The cuttings were
transported to the University's Campbell Avenue Farm, Tucson, in plastic bags inside
ice -chilled coolers. Cuttings were dipped in 4,000 parts per million (ppm) water -soluble
indolebutyric acid (IBA) (Sigma Chemical Inc.) for 15 seconds and were rooted in
galvanized flats containing a 1 -to-1 mixture of perlite and vermiculite. Cuttings were
misted intermittently for 8 seconds every 4 minutes. The fertilizer treatments applied
during rooting were the same as those used during 1980 (2) and are listed in Table 1. An
excellent review of the modes of action and horticultural uses of Osmocote, IBDU and
sulfur coated urea (SCU) was written by Maynard and Lorenz (16). All CRFs were
incorporated into the rooting media just before cuttings were inserted. The experiment
was set up in a randomized complete block experimental design with four replications
and was blocked along the length of the rooting bench. Maximum temperatures in the
propagation structure ranged from 27 C to 34 C during the spring and from 31 C to 33 C
during the summer. Spring minima ranged from 14 C to 19 C; summer minima ranged
from 19 C to 25 C. Bottom heat during the spring ranged from 18 C to 22 C and from 23
C to 25 C during the summer. After 10 weeks the cuttings were moved to a 50 percent
shade structure where the mist frequency was reduced progressively. After 12 weeks,
cuttings were harvested and evaluated for growth. Samples were nutrient analyzed by
the International Minerals Corp., Terre Haute, Indiana. The remaining individuals were
potted -up for nursery stage experiments.

Cuttings rooted during the spring 1981 were lined -out into Terra -lite Reddy Earth (W.R.
Grace Inc.), a commercial, soilless mix comprised of peat and vermiculite, and were
grown in 550 milliliters plastic containers. Half of the plants from each rooting -bench
treatment and from each replicate were randomly selected to be grown under 50 percent
shade; the other half were moved into the nursery under full sun July 31, 1981. The
liners were evaluated in mid -October 1981. The study was set up in 2 -by -11 factorial
treatment design (treatment 7 was eliminated after the rooting phase), in a randomized
complete block experimental design. During the study, temperature maxima ranged
from 44 C to 29 C and temperature minima ranged from 27 C to 1 C. All plants were
fertilized bi- weekly with Peter's 20 -20 -20 at a rate of 200 ppm nitrogen.

At harvest we discovered that some of the shade -grown plants had been infested by
poplar roots entering the containers from underneath, which caused a 5 percent growth
reduction in those liners as compared to unaffected shade -grown plants. Therefore, a 5
percent correction factor was added to all shade -grown plants before analysis. For
further details see Feldman (15).

In all experiments, nodes were counted if their leaves were at least 1 centimeter in
length. Leaf area was determined by obtaining the mean of two leaf area measurements,
one from a Model AAM -5 leaf area meter (Hayashi Denko Co., Tokyo, Japan) and the
other from a Li -Cor Model 3100 Area Meter (Li -Cor Inc., Lincoln, Nebraska).
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Table 1. Fertilizer treatments used with cuttings from Mesa Experiment Station.

Treatment Product Analysis

Release
Time

(months)
Actual

N /flat (grams) Rate

1 Control 0 -0 -0 - 0 0

2 Peter's 20 -20 -20 7.92 300 ppm N

3 Peter's 20 -20 -20 - 3.96 150 ppm N

4 Osmocotea 19 -6 -12 3 -4 15.2 10 lbs /yd3

5 Osmocote 19 -6 -12 3 -4 7.6 5 lbs/yd3

6 Osmocote 19 -6 -12 3 -4 3.8 2.5 lbs /yd3

7 IBDUb 20 -5 -5 3 -4 15.2 9.2 lbs /yd3

8 IBDU 20 -5 -5 3 -4 7.6 4.6 lbs /yd3

9 IBDU 3 -4 3.8 2.3 lbs /yd320 -5 -5

10 SCU° 36 -0-0 3 -4 15.2 5.2 lbs /yd3

11 SCU 36 -0 -0 3 -4 7.6 2.6 lbs /yd3

12 SCU 36 -0 -0 3 -4 3.8 1.3 lbs /yd3

aOsmocote, Sierra Chemical Co., Milpitas, California
bSwift Certified Harvest King, Swift Ag. Chem. Corp., Chicago, Illinois
eLesco Thirty -six, Lakeshore Equipment and Supply Co., Elyria, Ohio
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Cuttings rooted during the summer 1981 were lined -out in late September 1981 into the
same containers and media described above; however, 1.5 pounds per cubic yard of
Micromax (Sierra Chemical Inc.), a controlled- release micronutrient fertilizer, was
added to the mix. One -third of the rooted cuttings from each rooting -phase cell were
assigned randomly to the following treatments: 1) control, no Osmocote added; 2)
Osmocote 19 -6 -12 (3- to 4 -month release) at 2.5 pounds per cubic yard; and 3) Osmocote
at 5 pounds per cubic yard. The plants were grown under 50 percent shade at the
Campbell Avenue Farm until early November 1981. They then were moved to a gas -
heated fiberglass greenhouse for overwintering. On January 20, 1982, the plants were
moved to a small, glass greenhouse for hardening. They were moved into the nursery
April 1, 1982. Growth was evaluated in early January and late March 1982. The
experiment was set up as a 3 -by -11 factorial treatment design in a generalized
randomized block experimental design (17).

In early April 1982, plants from the same rooting phase plus all nursery phase treatments
(e.g., treatment 1 in the rooting phase plus treatment 3 in the nursery phase) were
combined from all four replications and were divided randomly into three replications for
field establishment studies. The three replications constituted three blocks, each
running along 165 feet of row. All plants were fertilized with 200 ppm nitrogen, Peter's
20- 20 -20, 1 week before transplanting. The study was conducted in an experimental field
of Sunland Jojoba Inc., near Casa Grande, Arizona. The soil at the planting site is a
loamy sand (Typic Torrifluvents) with pH - 7.6.

RESULTS

During the spring 1981 run, only those cuttings propagated with a high rate of IBDU (9.2
pounds per cubic yard) in the media, rooted at a rate significantly different from
controls (Table 2). A significant depression in rooting for cuttings treated with the high
rate of IBDU also was found during spring 1980 (2). Rooting percentages for the other
treatments were not significantly different from those for controls. Cuttings from both
Peter's treatments and all three Osmocote treatments showed significantly greater
growth than control cuttings at lining -out (Table 2). Osmocote at 10 pounds per cubic
yard resulted in rooted cuttings significantly greater than controls in node number, shoot
fresh weight and root dry weight (Table 2).

Results similar to those found in the spring 1981 were obtained during the summer 1981
(Table 3). Once again, cuttings propagated with 9.2 pounds per cubic yard of IBDU
rooted at a significantly lower rate than the controls. Those fertilized weekly with 300
ppm nitrogen (Peter's 20- 20 -20) also were significantly lower than controls in rooting
percentage (Table 3). The average node number per cutting from all treatments except
the medium and low rates of IBDU and SCU was greater than the controls (Table 3). All
three Osmocote rates consistently resulted in rooted cuttings that showed more growth
in node number, fresh and dry shoot weight than did controls.

In 1981 leaf nutrient contents (percent dry weight basis) of spring rooted control cuttings
either went down or remained constant during the rooting period, while leaf levels of the
same elements rose for cuttings rooted with the high rate of Osmocote 19 -6 -12 (Table 4).
Leaf zinc contents rose dramatically for both control and Osmocote- treated cuttings,
but zinc contents of the Osmocote -treated plants rose to more than twice the level
found in the controls, e.g., 5 to 114 ppm zinc for controls vs. 5 to 275 ppm zinc for the
Osmocote- treated plants (Table 4).

During the spring 1981, leaf nitrogen contents were significantly correlated with shoot
fresh weight, and root fresh and dry weights and were highly correlated (r = .91) with
average nodes per cutting (Table 5). Leaf phosphorous levels were significantly
correlated with nodes per cutting only, while leaf potassium contents were significanly
correlated with shoot fresh weight, root dry weight and nodes per cutting (Table 5). Zinc
contents in leaves were highly significantly correlated with both shoot fresh weight (r =
.70) and nodes per cutting (r = .92) and were significantly correlated with both root fresh
and dry weights (Table 5).

Initial leaf contents of nitrogen, phosphorous, potassium and zinc during the summer
1981 (Table 6) were higher than initial levels during the spring (Table 4). During the
rooting period, the degree of change in leaf nutrient status for controls was greater
during the summer than the spring, e.g., nitrogen in controls after 12 weeks was 57
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Table 4. Jojoba cuttings, leaf levels of N, P, K, and Zn initially and after 12
weeks, spring 1981.

Level % N % P % K Zn (ppm)

Initial 1.61 0.07 1.00 5

Control 1.36 0.05 1.00 114

Osmocote, High Level 2.03 0.42 1.68 275

Control as % of Initial 0.84 0.71 1.00 -

Table 5. Correlation matrix relating leaf levels of N, P, K and An to growth
parameters of jojoba cuttings from Mesa, Arizona, spring 1981.

Level %N %P % K Zn (ppm)

Fresh Weight Shoot /Cutting .63a .26 .53 .70b

Fresh Weight Roots /Cutting .67a -.21 .48 .54a

Dry Weight Roots /Cutting .67a .44 .53a .56a

Average Nodes /Cutting .91b .61a .81b .92b

a r, significant at .05 level
b r, significant at .01 level
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Table 6. Jojoba cuttings, leaf levels of N, P, K, and Zn, initially and after 12
weeks, summer 1981.

Level % N % P % K Zn (ppm)

Initial 2.57 0.14 1.44 15

Control 1.47 0.06 1.16 144

Osmocote, High Level 2.26 0.39 2.01 246

Control as Percent of Initial 0.57 0.43 0.81 -

Table 7. Correlation matrix, relating leaf levels of N, P, K, and Zn to growth
parameters of jojoba cuttings, summer, 1981.

Level %N %P %K Zn(ppm)

Fresh Weight Shoot /Cutting .63a .66a .72h .23

Fresh Weight Roots /Cutting .41 .47 .57a .22

Dry Weight Roots /Cutting .34 .20 .43 .15

Mean Nodes /Cutting .82b ,82b .89b .27

a r, significant at .05
b r, significant at .01
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percent of the initial level in summer vs. 84 percent at lining -out in spring (Table 4). In
spite of this greater percent reduction in leaf nitrogen, phosphorous and potassium,
control cuttings at the end of the summer run had slightly higher levels of these
nutrients than the control cuttings at lining -out in the spring, e.g., 1.47 percent nitrogen
after summer rooting (Table 6) vs. 1.36 percent nitrogen after spring rooting. Leaves of
summer cuttings rooted in the high level of Osmocote also had reduced nitrogen
contents, but the degree of reduction was much less than for the controls (Table 6). Leaf
contents of phosphorous, potassium and zinc increased for Osmocote -treated cuttings
during summer rooting (Table 6).

Correlations between growth parameters and leaf nutrient contents at lining -out after
summer rooting (Table 7) were similar to those found after spring rooting (Table 5), with
the exception of the following: 1) leaf nitrogen contents were not significantly
correlated with root growth; 2) leaf phosphorous levels were significantly correlated with
shoot fresh weight; and 3) leaf zinc contents were not significantly correlated with any
of the four growth parameters. The phenomena of a strong leaf zinc times growth
parameter response during the spring and the absence of the same during the summer
also was found during 1980 (15).

Greater growth, in terms of leaf area, dry weight and node number, was found for liners
grown under full sun compared with those grown under 50 percent shade (Table 8). The
shade -grown liners were more succulent, greener in color and had lower specific leaf
weights than those grown under full sun. A significant carry -over effect of rooting -
bench fertilizing at the high rate of Osmocote was found for all three growth parameters
(Table 8). A significant carry -over effect of the high Peter's 20 -20 -20 and medium -level
Osmocote treatments on nodes per liner also was found (Table 8).

Liners fertilized in the nursery at either 2.5 or 5 pounds per cubic yard of Osmocote 19-
6-12 developed significantly more nodes per liner than control plants 3 months after
lining -out (January 1982), but there were no significant growth differences between
plants fertilized at the two Osmocote rates (Table 9). A carry -over effect on nodes per
liner was found for rooting -bench treatments 2 through 6, i.e., the Peter's and Osmocote
treatments (Table 9). Six months after lining -out (March 1982), the liners fertilized at
2.5 or 5 pounds per cubic yard still showed significantly more growth than the controls
and were not significantly different from each other in number of nodes per plant (Table
10). Carry-over effects on growth by fertilizing during rooting were confined to plants
from rooting -bench treatments 4 and 6 (high and low levels of Osmocote) (Table 10). By
holding the plants in containers for an excessive period of time, advantages derived from
rooting -bench fertilizing were lost and the larger plants, resulting from such treatments,
were disadvantaged in the nursery because they had become too large for their
containers.

Significant differences in field survival among transplants grown under different
nutritional regimes during rooting and in the nursery were not found (Table 11).

DISCUSSION

The positive growth responses to rooting -bench fertilizing in 1980 (2) were repeated in
both the spring and summer 1981. The medium and high rates of Osmocote 19 -6 -12 were
most consistent in yielding larger, more vigorous rooted cuttings of better nutritional
status than control cuttings. This advantage at lining -out can be translated into earlier
vigorous growth in the liner stage, but the potted liners must not be held too long (more
than 10 to 12 weeks) or the advantage gained will be lost.

Liners grown in full sun put on more growth than those grown under 50 percent shade and
might be hardier in field survival, although this was not tested. The shade -grown plants
looked greener and were more attractive than the sun -grown plants. This experiment
should be repeated with intermediate shade levels, e.g., 25 percent shade. Field survival
and growth also should be studied.

Nursery stage fertilizing with either 2.5 or 5 pounds per cubic yard of Osmocote 19 -6 -12
during the fall 1981 effectively promoted new growth of jojoba liners. In addition,
soluble fertilizer (Peter's 20- 20 -20, 200 ppm nitrogen) during the sun -shade study also
promoted new growth. An experiment comparing the effects of soluble fertilizers and
CRFs on the nursery growth and field performance of jojoba would be helpful in
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Table 9. Influence of fertilizing during rooting and in the nursery on node
number per jojoba liner, 3 months from lining -out (January 1982).

Osmocotea Level in Nursery (lbs /yd3)
Treatment 0 2.5 5.0 Mean

1 7.4 10.6 9.9 9.3

2 10.6 13.5 13.3 12.5b

3 9.5 13.4 13.7 12.2b

4 11.5 17.1 13.8 14.1b

5 11.2 10.0 12.1 ll.lb

6 11.8 13.0 12.4 12.4b

8 8.3 10.4 9.6 9.4

9 8.4 12.6 11.6 10.9

10 9.3 12.0 10.7 10.7

11 8.0 11.6 10.0 9.8

12 9.2 10.6 10.6 10.1

M eane 9.5A 12.2B 11.5B 11.1

a Osmocote, 19 -6 -12, 3 -4 month release
b Significantly different from control, SNK (.05)
c Means followed by different letters, significantly different at .05 level

(SNK)
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Table 10. Influence of fertilizing during rooting and in the nursery on node
number per jojoba liner, 6 months from lining -out (March 1982).

Osmocotea Level in Nursery (lbs /yd3)
Treatment 0 2.5 5.0 Mean

1 9.4 14.8 15.6 13.3

2 11:9 16.4 15.6 14.6

3 11.3 17.0 19.9 16.1

4 15.4 20.7 19.1 18.4b

5 14.9 14.0 15.8 14.9

6 14.6 18.1 17.0 16.6b

8 10.5 13.9 13.9 12.8

9 10.2 17.0 17.6 14.9

10 12.8 16.0 17.3 15.4

11 9.2 16.0 16.0 13.7

12 11.8 15.6 17.3 14.0

Meanc 12.0A 16.3B 16.8B 15.0

a Osmocote, 19 -6 -12, 3 -4 month release
b Significantly different from control, SNK (.05)
c Means followed by different letters, significantly different at .05 level

(SNK)
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Table 11. Percent field survival after 5 months, of jojoba transplants, grown
under different nutritional regimes during rooting and subsequently in the
nursery.

Osmocote Level in Nursery (lbs /yd3)
Treatment 0 2.5 5.0 Mean

1 77.8 89.0 100.0 88.9

2 75.0 83.3 75.Q 77.8

3 93.3 91.7 100.0 95.0

4 94.3 100.0 100.0 98.1

5 94.3 81.0 83.3 86.2

6 94.3 100.0 82.3 92.2

8 83.0 100.0 94.3 92.4

9 88.7 83.3 100.0 90.7

10 100.0 93.3 94.3 95.9

11 89.0 100.0 89.0 92.7

12 89.0 100.0 100.0 96.3

Mean 89.0 92.4 92.6 91.3
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evaluating the relative merits of the two fertilizing regimes. CRFs are more expensive
than liquid fertilizers, but are less labor- and machinery- intensive and, in some cases,
result in better plant growth (13). In other cases, liquid fertilizers were superior to
CRFs (18). The carry-over effect of CRFs in the potting medium on growth in the field
is a potential advantage.

In general, field survival and growth of larger, well -fertilized liners was very good.
During the last 3 months in the nursery (January to March 1982), there was greater
attrition among the larger, rooting -bench fertilized plants than among control plants and
in plants fertilized at lower rates during rooting. This higher rate of attrition appeared
to result from more frequent stress between waterings, and points out the disadvantages
of holding these larger, faster growing plants for too long.

The use of longer release time CRFs, e.g., 8- to 9 -month materials, both in the rooting
bench and /or in the nursery, may be more effective than the shorter release time
materials reported on here. In an earlier study (2), the use of Osmocote 18 -6 -12, an 8- to
9 -month release, in the rooting phase, resulted in a 6- to 12 -month carry -over effect on
jojoba liners in the nursery. The 8- to 9 -month formulations do not begin appreciable
nutrient release until weeks 3 to 4 (19); they could result in a more efficient, less
hazardous delivery of nutrients. Use of longer release time CRFs in the nursery could
result in longer carry -over effects on field growth than the shorter release time types.
Further improvement also might result from surface application of the CRFs instead of
incorporating the media as in these experiments. Chong (20) recently reported enhanced
response of cotoneaster cuttings to surface applications of Osmocote vs. media
incorporation.

We must stress, however, that a lack of fully satisfactory results using the IBDU and
SCU formulations during rooting should not rule out investigation of their effectiveness
during the nursery phase. Finally, proper use of fertilizers during rooting may be helpful
in optimizing growth of very small cuttings, e.g., single -node cuttings, helping them to
increase rapidly to field transplant size and promising new jojoba clones.
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PERFORMANCE OF JOJOBA UNDER CULTIVATION BETWEEN 1973 -1982:
INFORMATION DEVELOPED AT THE UNIVERSITY OF CALIFORNIA, RIVERSIDE

Demetrios M. Yermanos
University of California, Riverside

ABSTRACT

Yields of jojoba seed and oil are presented from 5- to 8- year -old cultivated plants grown
in Riverside, California. Yields of seed varied a great deal from plant to plant, from
strain to strain, and from year to year. Fertilizer treatments with nitrogen and
phosphorus did not improve yields. Irrigation treatments increased seed yields when
there was no frost but decreased yields when temperatures dropped to the low 20s.

INTRODUCTION

One of today's most pressing questions in the development of cultivated jojoba fields
relates to the yields of seed and oil that could be expected from jojoba under
domestication. Since jojoba has never before been grown as a cultivated crop, no
documented information is available on this topic. Approximations are based on
information gained from the harvest of native plants and from a small number of
experimental plantings here and abroad.

Seed yields in natural populations range from a few seeds to more than 14 kilograms of
clean dry seed per plant. The high yields have been recorded on plants approximately 5
meters tall with as large a diameter, following warm and wet years. These high yields
were observed on a small number of plants and in certain years only. The mean yield of
several hundred wild plants harvested in California during a period of 5 years was about
1.8 kilograms. The average height of these plants was about 2.7 meters and the diameter
was 2.3 meters. Years of no seed production by entire wild populations were observed
following extended droughts. A discussion of seed yields obtained in experimental plots
at the University of California follows.

MATERIALS AND METHODS

A 5 -acre jojoba nursery was planted in the fall 1973 at the University of California's
Moreno Field Station in Riverside. Planting was made in rows 210 meters long and 3
meters apart with plants on 1.5 meter centers on the row. Seed was germinated in gallon
pots, four seeds per pot, and the contents of each pot were transplanted in a single hill
when the seedlings were 6 months old and 15 to 20 centimeters tall. After blooming, the
four plants per hill were thinned down to a single female plant. At every fourth hill on
each row, a male plant was left to grow side by side with the female plant. Thus, the
nursery consisted of all female plants with a companion male plant occurring on every
fourth plant on the row. Male plants on each row were staggered in a rhombic design so
that no female plant was farther away than 3.3 meters from a male plant.

The seed used for this planting was harvested from seven high yielding native plants; six
of them were from inland areas of California and Arizona and one was from a coastal
population by Del Mar, California. Four adjacent rows, each with 140 plants, were
planted with seed from each of the seven maternal plants. Thus, the nursery included
seven groups of plants, each group consisting of four adjacent rows with a total of 560
female and 140 male plants, all of which were half sibs, i.e., having a known, common
maternal seed parent but several, different, unknown paternal pollen parents. During the
first 2 years after planting, all rows were irrigated monthly with about 1 acre inch of
water. After the second year the southeastern half of the field was kept on the same
irrigation schedule while the other half was never irrigated again. The entire nursery
received the following amounts of precipitation during the 1975 -1981 period: 188, 195,
221, 565, 412, 429, 198 millimeters per year respectively. Furthermore, differential
fertilizing treatments were started at the same time as the irrigation treatments; within
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each group of four rows, one row received 85 kilograms of nitrogen per hectare, one
received the same amount of phosphorus, one received the above amounts of nitrogen
and phosphorus combined, and one row was not fertilized. All fertilizers were banded
into the irrigation furrow 12 centimeters deep and 30 centimeters away from the plants.
This layout of the nursery permitted comparisons among the seven strains of jojoba,
between the two irrigation treatments and among the four fertilizer treátments. After
the fourth year all plants were pruned to give them the shape of a tree to facilitate
cultivation and harvesting. Branches were trimmed 30 centimeters from the center of
the planted row on both sides of the row, from ground level to about 60 centimeters
above ground. Thus, the rows gradually acquired the shape of a continuous hedgerow
that was 60 centimeters wide from ground level to 60 centimeters above ground
branching out freely from there and up. Except for weeding, no other treatments were
applied to this nursery.

The oil content of the seed samples harvested in 1981 was determined using wide line
nuclear magnetic resonance (NMR) with a Newport Mark III instrument. Duplicate 30-
gram samples were drawn and analyzed from each plant harvested; the two readings then
were averaged to arrive at a mean value that was used in the statistical analysis.

Each year, starting in 1977, the seed of each plant was harvested and processed
separately. The data collected during this 4 -year period are presented in this report.

RESULTS

Considerable variability was observed in date of flowering both among and within the
seven groups of plants in the nursery. Of 4,873 plants monitored, 4,045 flowered by the
end of the third year of growth. The remaining 828 plants that did not flower were
rogued out of the nursery early in the fourth year of growth to remove late producing
genotypes. Thus, their sex was never learned. Of the 4,045 plants that flowered, 2,751
(i.e., 68 percent) flowered in the second year of growth and 1,294 (i.e., 32 percent)
flowered in the third year of growth. Of the 2,751 that flowered in the second year of
growth, 59.7 percent were male and 40.3 percent were female, giving a sex ratio heavily
favoring the males. Of the 1,294 plants that flowered the third year, 42.9 percent were
male and 57.1 percent were female, giving a sex ratio favoring the females. Combining
the data of both years leads to a sex ratio of 2,200 male to 1,845 female, i.e., 54.3
percent to 45.7 percent, which represents a statistically significant deviation from a 1:1
ratio, in favor of males. This deviation might have been removed, however, if the 828
plants that were rogued out had been sexed. Given the tendency of female plants to
bloom later than the males, these 828 plants might be predominantly females. If this
were true, the overall male to female ratio would only have a negligible, if any,
deviation from a 1:1 relationship.

The first harvest of seed was conducted in 1977 when the nursery was 4 years old. The
number of plants producing harvestable quantities of seed that year represented less than
10 percent of the total population. Thus, no detailed data were recorded.

The data from the harvests of 1978, 1980 and 1981 are shown in Tables 1, 2 and 3.
Because of excessive frost damage in 1979, yields were too low for a meaningful harvest
and, therefore, no information is presented for that year.

These data lead to three major conclusions: 1) Although the maternal plants used as
sources of seed appeared to represent a high -yielding sample, their offspring exhibited an
extremely high level of variability in seed yield, ranging from a few seeds to .5 kilograms
per plant in the fifth year and to 2 kilograms in the seventh year. This variability might
have been even more skewed towards the low- producing individuals if the late blooming
plants had not been rogued out of the population, as described above. Thus, plantations
established with seed harvested from native populations should be expected to have high
levels of variability from plant to plant in terms of seed yield.

2) Major differences in performance were observed between inland and coastal ecotypes
when grown under identical environmental conditions in Riverside. This raises the more
general question of the degree of adaptation of seed collected from native plants in a
given area and then planted in a new environment where different ecological conditions
prevail. In addition to producing lower yields, the coastal material was shorter and more
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Table 4. Examples of annual variations in per -plant seed yields, 1978 -1981.

Seed Yield (grams)

Plant Number Year: 1978 1979 1980 1981 4 -Year Total

126 - - 14 125 139

316 265 50 1,843 445 2,603

112 620 310 31 530 1,491

99 - 41 1,315 1,356

136 410 684 989 1,436 3,519

prostrate than the inland groups. Thus, high levels of interactions should be expected
between seed origin and location of plantations.

3) A major opportunity is available to increase considerably the yield of jojoba by
identifying the consistently high -performing individual plants and using them to produce
planting material for vegetative propagation. This process, however, will take
considerable time. As shown in Table 4, single plant performance was erratic from year
to year; the highest producing plants of a given year were not necessarily the best
performers in other years. On the basis of data in Table 4, plant number 136 was the
highest performer on a 4 -year basis. If single plant selection, based on data from a
single year, were conducted in 1978, however, plant number 112 would have been judged
superior to both plant numbers 136 and 316 while the reverse would be true on a longer
term. Similar errors would be made in 1980 when plant numbers 316 would be rated
better than number 136 and in 1981 when plant number 99 would appear to be superior to
number 316.

These observations indictate that the evaluation and selection of superior plants for
further propagation and commercial use should be based on long -term productivity data.
Decisions based on limited data of a year or two when performance, excellent or
inferior, is contingent upon chance combinations of environmental factors or genotype-
environment interactions that do not reoccur with predictable regularity, may lack the
professional austerity that has characterized the great strides forward that we have been
accustomed to in plant breeding.

Efforts to establish correlations between yield and botanical traits were not successful:
yield did not seem to relate to plant height, leaf size, branching or growth habit. At this
time, it appears that artificial selection should favor upright, tall plants rather than
prostrate, low branching plants, like the coastal Group 2 to facilitate mechanical
harvesting. The blueberry type harvesting machines tested at the University of
California's plots in Riverside seem to have maximum efficiency when plants are about 3
to 4 meters tall, and 1 to 2 meters in diameter.

The data from the irrigation treatments are summarized in Tables 5, 6 and 7. In both
1978 and 1980 all irrigated plots had lower yields than the non -irrigated plots. This
paradox was unraveled when it was ascertained that the low yields of the irrigated plots
resulted from excessive frost damage that destroyed the terminal portions of the new
branches where most of the new flowers were borne. This observation led to a new
riddle: why was there such extensive frost damage in Riverside where low temperatures
were rarely below -6 C while in the wild, jojoba withstands low temperatures of -9 C?
This was resolved by the observation that the line dividing the plots into irrigated and
non -irrigated was also the line separating the plots into those severely damaged by frost
and those slightly or not affected at all. In brief, keeping the plants in a well- watered
state and growing actively during the cold months caused a drastic reduction in their
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frost tolerance. Group 3 represents an interesting exception; the yield of the irrigated
plot in 1980 was higher than that of the non -irrigated plot. This was attributed to the
fact that Group 3 represents earlier blooming material and the seed, which is more cold
tolerant than the unfertilized flowers, was already set and escaped damage when the low
temperatures occurred. The above conclusions were further validated in 1981 when the
winter was generally mild and temperatures never dipped below -2 C. As shown in
Tables 5, 6 and 7, yields of irrigated plots, except in the late, low- yielding Group 2, were
higher in all cases with a superiority ranging from 12 to 44 percent. These conclusions
lead to a major management recommendation: jojoba fields should not be irrigated in
the fall and early winter if danger of frost is imminent.

The data from the fertilizer treatments are summarized in Tables 8 and 9. The mean
yields of the fertilized plots were not significantly different from those of the controls.
The data are tabulated separately for the irrigated and non -irrigated plots. Irrigation is
often of critical significance for fertilizer treatments to be effective. Not so in this
case. Here fertilized plots exhibited no superiority over controls in either seed or oil
production regardless of whether they were irrigated or not. For the reasons explained
earlier, irrigation reduced yields in 1980 and increased them in 1981, independently of
fertilizer treatments.

The mean oil content of the entire number of samples drawn in this experiment in 1981
was 53.1 percent with a range extending from 42.1 percent to 59.8 percent. The mean
oil content of the coastal Group 2 was 49.9 percent; this was considerably lower than the
53.6 mean of the six inland groups and this difference was statistically significant at the
5 percent level of probability. Differences among the means of the six inland groups
were not statistically significant. This was primarily due to the large amount of
variability within each of those groups. A significant positive correlation was found
between seed weight and percent oil content.

DISCUSSION

A fundamental and often overlooked conclusion from these and other similar experiments
is that jojoba will grow and will produce considerable quantities of seed under
domestication; not all wild plants do this. It is now up to the plant scientists to
manipulate the genetic makeup of the species and to develop appropriate cultural
practices to maximize oil production.

As jojoba plants grow older and larger, one would expect that their seed yields would
increase accordingly and in a fairly linear mode. The data in Tables 1, 2, 3, 5, 6, 7 and 8
show a major overall yield increase between 1978 and 1980, but show low seed production
for 1979 and only a slight increase between 1980 and 1981. Several factors could
account for these varitions. One factor that stands out is the low rainfall in 1981
compared to 1978 and 1980. Although 4 years of yield data are hardly enough to lead to
any valid general conclusions it will be of great interest to observe whether jojoba
follows a pattern of alternating years of high production followed by years of low
production.

Erratic yields are not uncommon even with the most highly developed crops. What needs
to be ascertained here is whether the yield fluctuations encountered are due to random
combinations of environmental factors rather than due to some type of systematic
periodicity in offspring production emanating from the genetic makeup of the species.
Definite answers to these questions will not be forthcoming for several years. A basic
observation that weakens the likelihood of fluctuations of the latter type is the
following: jojoba produces new growth every year as long as appropriate cultural
practices are implemented. Since jojoba flowers appear on each year's new growth,
there should be flowers and, therefore, seed every year provided that the plant growth is
not disrupted by overriding major environmental stresses like frost or drought.

On an intuitive rather than a factual basis at this time, it may be speculated that jojoba
oil production will not be plagued by alternate bearing cycles as is the case with citrus,
olives and other tree crops. What is certain is that a tremendous amount of genetic
variability in both seed and oil production is available now. Given this variability it is
not unrealistic to expect that artificial selection will lead to the identification of a
limited number of genotypes with higher and more consistent performance that will
propel jojoba to even higher plateaus of productivity than those reported here.
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For a better interpretation of the effects of irrigation and fertilizing one must keep in
mind the deep tap root system of jojoba, which exceeds 3 meters as early as 12 months
after planting. Water and nutrients move downwards very slowly in the soil. Transit
time for water to move 30 meters in the unsaturated zone of the soil was calculated to
be 12 to 49 years. On this basis, one would not expect immediate responses to these two
practices unless soil permeability were unusually high and if soil fertility were extremely
low. This would be especially true in the early years of the plant's life when low initial
yields do not generate heavy demands for moisture and nutrients. Furthermore, jojoba
with roots drawing moisture and minerals from a very deep soil profile would not be
affected, as much as other shallow rooted plants, by short -term fluctuations in the
availability of these two resources. As already discussed, fertilizing under Riverside
conditions was ineffective in raising yields. This might not be the case in other areas
where extremely sandy, low fertility soils prevail. Comparative fertilizing tests on those
sites would be the only means of obtaining reliable information on appropriate fertilizing
techniques for those areas.

Irrigation presents a more versatile tool than fertilizing in manipulating jojoba
production. Practices will depend on the likelihood of frost, since frost often has been
the cause of heavy losses in young jojoba plantations. Where the danger of frost is not
imminent, irrigations might be advisable through the fall and winter when flower
production, pollination and seed set proceed at maximum rates. In areas having a high
probability of frost it is desirable to forego all irrigation from September to February.
The data from our experiments and the behavior of jojoba plants in the wild show beyond
any doubt that continued irrigations through the fall and early winter reduce their frost
tolerance. With the subsoil well provided with water in the late winter and spring,
however, irrigations might not be necessary even betwen July and October for several
reasons: 1) At that time rapid desiccation of the seed within the shortest period possible
is needed for efficient mechanical harvesting. 2) Irrigation water is needed in those
months by other crops; one of the major attractions to jojoba is its lack of competition
for water with other irrigated crops during the summer. 3) The summer is the time when
irrigations are the least cost effective. Losses through evaporation are at a maximum.
Also, well -water table levels are at their lowest, thus maximizing pumping costs, which
are becoming prohibitively high for other crops. 4) Low humidity levels in the upper few
inches of the soil coupled with extreme air temperatures and long days in the latitudes
where jojoba is grown help reduce the severity or completely eliminate losses from pests
and diseases by slowing down or completely interrupting the life cycles of the organisms
involved. Large commercial fields of jojoba, where the subsoil was well supplied with
moisture, were left as long as 14 months without irrigation with no obvious, severe stress
symptoms in Sonora, Mexico.

The data in Tables 1, 2 and 3 show that when plantations are established with seed
collected from wild populations, a large number of plants produce low amounts of seed.
It is necessary to rogue out a large proportion of those plants in commercial fields.
When deciding on the magnitude of the coefficient of selection to be applied, however, it
would be prudent to keep in mind the following relevant concept of population genetics.
Extreme performers often owe their high or low productivity not only to additive and
non -additive genetic effects but also to a sizable component of genotype -environment
interactions. Year to year, or location to location, changes in the magnitude and
direction of these interactions might be one of the causes of erratic yields. On this
basis, it might be counterproductive to retain only a limited number of plants, e.g., the 5
percent highest producing plants, in hopes of maximizing production. Those might be the
plants that are liable to have the widest yield fluctuations. Since we are dealing with a
plant with yet little known idiosyncracies it would be safer to restrict removal of low-
producing plants to no more than 50 to 60 percent of the total population during the first
10 years. This leads to an additional practical recommendation to growers now using
direct seeding: they should overplant by a factor three to five times larger than the
desired ultimate plant density in the field. This will allow the removal of 80 to 90
percent of the male plants and 60 percent of the undesirable female plants without
reducing the final plant population much below 2,500 plants per hectare which now seems
to be close to the optimum. This density may prove to be excessively high in older
plantations. Nevertheless, until optimum densities are determined for various locations,
it is thought best, for obvious reasons, to favor deviations above rather than below the
optimum in the beginning. A footnote in favor of these recommendations is that,
contrary to theoretical expectations, present observations indicate that the proportion of
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male plants is considerably higher than 50 percent in direct -seeded plantations because
more plants than expected will have to be rogued out.

As already mentioned, neither irrigation or fertilizing gave statistically significant
increments to oil content. This poses questions about the strategies that should be
implemented to maximize oil production per unit area. To date, the highest oil content
recorded with jojoba seed is close to 60 percent. If uniform varieties were bred with 60
percent oil content, this would represent a 13 percent increase above the present overall
mean of 53.1 percent. The highest seed yields obtained, however, are more than 100
percent higher than the overall mean in each of the 3 years for which data are presented
in Tables 1, 2 and 3. On this basis, it would seem that major increases in oil production
per hectare will come sooner through seed yield increases and then through
improvements in the oil content of the seed.

OUTLOOK

A synthesis of all observations discussed to this point leads to the following outlook in
terms of maximizing jojoba oil production per unit area. In fields where direct seeding
of unelected desert seed was used, major strides forward could be expected by
overplanting and then artificially selecting the genetically superior plants on site. This
type of selection under the actual prevailing microenvironmental conditions in a given
area has a high probability of effectiveness. Additional, but considerably smaller in
magnitude, yield increments will arise by applying appropriate irrigation schedules that
would differ according to location and the probability of killing frosts. Increased oil
production per hectare will come about first due to higher seed yields and then as a
result of selection for higher oil content in the seed.

The information presented to date from experimental plots soon will be amplified from
data coming from large commercial plantations that are now approaching the fourth or
fifth year of development in both the United States and Mexico. Visual comparisons of
growth rates and flower production to this point suggest that seed yields of jojoba under
cultivation in southern California, southern Arizona and in the state of Sonora, Mexico,
will exceed those obtained in experimental plots in Riverside. This was expected
because neither the soil nor the climate in Riverside fulfill the optimum requirements
for jojoba. Average yields of 55 to 90 kilograms per hectare were reported from several
commercial fields in those areas that were 3.5 years old in 1981. The present
appearance of these fields suggests that yields higher than those reported here for the
fifth year will be realized in the summer 1982, making this the first year that sizeable
quantities of jojoba seed will become available from cultivated plantations.

In reviewing the performance data of jojoba under cultivation at the University of
California, Riverside, one cannot help but be very optimistic about the future of this new
crop. The change from the wild to the domesticated state has not caused any adverse
effects on the growth and development of these plants. They bloomed and set seed
without any intervention or treatment. Seed size, appearance, yield, and oil content are
as good if not better than those of the native plants. Performance without
supplementary irrigation and fertilizing was strikingly superior. No major disease or
insect problems appeared. No problems relating to wind pollination were observed.
Cultural practices were identified minimizing the probability of losses due to frost.

The development of equipment for mechanical harvesting is progressing very rapidly.
Although jojoba starts producing seed in the second or third year after planting, it
appears that commercial harvest of seed might not be profitable or even practical that
early. The major reason for this is that plant height at that age is too low for
mechanical harvesters to work efficiently. Hand harvesting will be economically
feasible only as long as the price of seed exceeds $4 per pound. Harvesting trials
conducted at the University of California with a blueberry harvester have shown that
appropriately pruned 5- year -old plants could be harvested with a high degree of
efficiency. In warmer climates where plants grow at a faster rate than in Riverside,
mechanical harvesting could be conducted successfully in the fourth year after planting.

A great deal of genetic variability is available within the species for several botanical
characteristics and for seed yielding ability. There is little doubt that, if the present
research effort continues, outstanding plants with proven performance records will be
identified. They will become maternal plants for vegetative propagation and for the
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creation of the first jojoba cultivars, signaling a major leap forward on the road to
success for this crop. All indications are that jojoba can become a good crop to grow in
the semiarid regions of the world.

With the experience acquired, one can turn to the future and try to identify some of the
major agricultural research objectives to be pursued. I feel that the most significant
objective is the exploitation of hybrid vigor, in other words, the identification of
biparental combinations that give superior Fi hybrids. Once such hybrids are identified,
vegetative propagation will provide ample planting material for commercial plantations.
The second major objective is the identification of low -cost, efficient herbicides for
jojoba. The third is the use of suitable companion crops that would reduce the financial
burden during the first 4 to 5 years after planting jojoba. The fourth objective is the
identification of seed or seedling treatments that will accelerate the rate of
development of jojoba plants during the first few months after planting.

With a crop as new as jojoba, many other problems will need to be investigated. If met,
the above four objectives, however, would have an immediate impact toward increasing
the appeal of this crop to growers.

In summary, the establishment of commercial plantations of jojoba does not require new
agricultural methodology or specialized equipment. Of particular significance may be
the choice of locations for the first commercial plantations. Although jojoba is not
demanding of soil fertility, water quality, and altitude, it might be a mistake to start
plantations in locations where environmental stresses often reach extreme levels. It may
be wiser to locate plantations where environmental factors offer the best chances of
success and then progressively explore the ability of jojoba to produce, not merely
survive, under more extreme environmental stresses.

Jojoba made the move from obscurity into the real world of agriculture with
unprecedented speed. Its prospects of developing into a profitable, energy -related,
renewable resource appear to be excellent. Current expectations are that the small
quantities of oil that will be available initially from cultivated plantations will be
absorbed by the more lucrative markets like cosmetics, waxes, and possibly
pharmaceuticals. The real challenge for jojoba will be to penetrate the vast market of
lubricants. This may not be too difficult, however, because with the rapid disappearance
of fossil fuels, cheap sources of lubricants also will be lost. Lubricants will be needed in
the near future, as badly as fuels. None of the new sources of energy now contemplated
(solar, atomic, geothermal, synthetic fuels) have lubricants as by- products.

Looking into the near future it appears certain that if the plant science technology
already developed for jojoba were applied, seed yields of 3,500 to 4,500 kilograms per
hectare producing 1,750 to 2,250 kilograms of oil per hectare for 7- to 8- year -old
plantations are now within reach. Information is currently coming in from the 1982
harvest of 3- year -old commerical plantations in California and Arizona. In all cases,
seed yield has been higher than that obtained under Riverside conditions from plants of
comparable age. Overall yields range between 30 and 80 pounds per acre. In one
exceptional case, a 40 -acre field produced in excess of 200 pounds of seed per acre.
These yields will easily be surpassed soon with continued genetic improvement and with
the vegetative reproduction of superior materials, expected to start in a year or two,
which will increase and stabilize productivity. When this happens, jojoba will have
established itself as a new, energy related, profitable commodity for the semiarid
regions, and even more importantly, it will have become a symbol of how new,
ecologically sound, renewable resources may be developed and how some of the needs for
raw materials and energy for future generations may be served. Such new and
fascinating frontiers in agriculture will be easily conquered if sustained, long -term moral
and financial support is made available to the growing number of plant scientists who are
willing to make lifelong commitments for the development and utilization of new or
unexploited resources that abound in our plant and animal kingdom.
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THE EFFECT OF SOLAR RADIATION ON FLOWERING IN JOJOBA
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and
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ABSTRACT

In commercial jojoba plantations it is desirable for flowering to be synchronized and for
its timing to be selected by the grower. A study of the environmental factors that
influence flowering will help breeders take advantage of the genetic variation available
for selection.

The effect of solar radiation on percentage flowering in jojoba using plants growing in
natural light under well watered conditions and controlled temperatures was studied.
Two experiments were carried out using a summer or winter radiation regime at a single
temperature. Plants grown in 30 C/25 C and producing only dormant flower buds, were
moved to unshaded and 50 percent shaded treatments in a 21 C /16 C glasshouse where a
moderate level of flowering would be expected. The percentage flowering was
calculated from the number of open flowers (female) and inflorescences with open
flowers (male) at intervals of 7 to 12 days from the start of treatment.

In both experiments, with both the male and the female clone used, the final percentage
flowering was greater for the unshaded treatment than for the shaded treatment. There
was a positive correlation between the percentage flowering and the mean daily
radiation level for the first 60 days in treatment for the female (y = 22.8 In x -28, r2 =
0.96) but not for the male.

INTRODUCTION

In plantations of the type the industry is presently establishing from wild seed, some
flowering can be found throughout a large part of the year. Genetic diversity in the
plant material and /or our present inability to match genotype to local environmental
conditions inevitably result in a wide spread of flowering times between plants on a site
and often between flowers on a single plant.

However, it is likely to be of major agronomic importance for plantations to have a
predictable flowering date when all the plants produce a synchronized flush with a high
proportion of the flowers on each plant opening simultaneously (Figure 1). The flowering
date should be of our choosing, selected for its agronomic advantages.

Synchronized flowering could be expected to improve the efficiency of pollination and
could lead to synchronous seed maturation. Selection of the appropriate flowering date
for a particular site is likely to be an important strategy in avoiding extremes of
temperature and water stress during critical stages of development and in avoiding
attacks by insect pests (1).

To take advantage of the current genetic variation in flowering time, we need to
understand the way in which flowering is affected by environmental factors. Ideally we
should be able to build a model of flowering behavior so that, given the data for the
environment of a particular site, we can predict the flowering date for selected
genotypes.

Studies in the controlled environmental laboratory at Canberra have been aimed at
understanding the effects of photoperiod and temperature (2, 3, 4). The present study
describes the effect of radiation level on flowering under a single temperature regime.
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Figure 1. Example of a female branch where the flowering requirement
has been met, resulting in a high proportion of flowers that have
opened simultaneously.
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MATERIALS AND METHODS

Plants used in these experiments were the same male clone and female clone established
from cuttings in 1977. They were used in several previous experiments studying the
effects of temperature on flowering (3, 4). The plants were grown in controlled
glasshouses of the Commonwealth Scientific and Industrial Research Organization
(CSIRO) phytotron at Canberra (5). The day temperature was maintained (+ 1 C) for 8
hours, and the night temperature, which was 5 C lower, was maintained for 16 hours. A
constant photoperiod of 16 hours was provided by extending the natural photoperiod by
low intensity illumination (550 lux) from incandescent lamps. Solar radiation
measurements were taken outside the glasshouse with an Eppley pyranometer and
corrected for losses in transmission through the glass. The plants were grown in 22.5
centimeter diameter pots filled with a mixture of perlite and vermiculite. They were
watered each morning with a complete nutrient solution (Hoaglands No. 2) and each
afternoon with tapwater.

The plants, which were up to 1 meter high, were cut back to bare wood with a uniform
height of 30 centimeters and were grown in the 30 C/25 C (day /night temperature)
glasshouse for 4 months before the first experiment and 8 months before the second
experiment. Under these conditions the plants produced only dormant flower buds.

For each experiment, three male and three female plants per treatment were moved
from the 30 C/25 C glasshouse to a shaded or unshaded treatment in a 21 C /16 C
glasshouse. This temperature was selected because previous experiments indicated that
we could expect an intermediate percentage of flower opening. Fifty percent shading
was provided by "sarlon" cloth fitted to a frame. Both treatments were placed on forced
air heat pump units so that temperature differences were minimized. The first
experiment began on December 18 (the summer experiment) and the second on April 23
(the winter experiment).

Six branches, which had grown under the 30 C/25 C pretreatment conditions, were
tagged and the flower buds were counted. For female plants where flowers are borne
singly the percentage flowering was calculated, at 7- to 12 -day intervals, from the
number of open flowers in relation to the number of dormant buds present at the
beginning of the 21 C /16 C treatment. In the male plants, where the flowers are borne
on inflorescences, the percentage flowering was based on the number of inflorescences
with open flowers in relation to the number of dormant inflorescences at the beginning
of the treatment. In addition to percentage flowering, the number of open and
undeveloped flowers per inflorescence was counted for the male plants using a sample of
10 inflorescences per plant dissected under a binocular microscope.

RESULTS

Although the mean radiation level for periods of 45, 60 or 80 days from the transfer of
the plants to treatment were similar, the period of 60 days was chosen as the most
appropriate on which to base calculations since the plants in most treatments were
approaching their highest rate of flowering at this time. The mean daily radiation level
(MJ m -2) in the glasshouse for the first 60 days of each treatment was 19.6 (unshaded)
and 9.8 (shaded) for the summer experiment and 7.8 (unshaded) and 3.9 (shaded) for the
winter experiment. For both clones and for both experiments the unshaded treatment
produced a higher flowering percentage than the shaded treatment (Figure 2). For the
male clone, the difference between the unshaded and shaded treatments for the summer
experiment was large but in the winter experiment flowering began early and there was
no significant difference between the treatments until day 77 (Figure 2a). When data
from the two experiments were put together there was no significant correlation
between the final flowering percentage and the mean daily radiation level for the first
60 days in treatment.

In both experiments the number of open flowers per inflorescence in the male clone was
greater in the unshaded treatment than the shaded treatment. There was no significant
correlation between number of flowers and mean daily radiation level during the first 60
days of the experiment (Table 1).

With the female clone, flowering commenced at the same time from start of treatment
for the summer and winter experiments (Figure 2b). For both treatments in the summer
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Table 1. The mean number of flowers per inflorescence (open and buds) for two
experiments including four radiation levels (male clone).

Radiation Level
(MJm -2 day -1):

Summer Experiment Winter Experiment

Unshaded(19.6) Shaded(9.8) Unshaded(7.8) Shaded(3.9)

Number of Flowers
(open)

10.9 + 1.1 8.9 + 0.7 16.9 + 1.7 12.9 +2.0

Number of Flowers
(buds)

0.2 + 0.2 1.2 + 0.7 1.3 + 1.0 1.5 + 0.5

Total Flowers 11.1 + 1.1 10.1 + 0.8 18.2 + 1.2 14.4 + 1.5

experiment, percentage flowering continued to increase with time up to 120 days. The
experiment was then terminated because the branches were beginning to grow and
produce new flower buds. In the winter experiment there was a rapid increase in
flowering percentage of the unshaded plants up to day 84. After that there was no
further flowering. The shaded treatment produced no significant flowering in the winter
experiment.

The correlation between the final percentage flowering of the female clone and mean
daily radiation for the first 60 days in treatment is shown in Figure 3. There was no
significant difference between the summer shade treatment and the winter unshaded
treatment. The data are fitted by the regression y = 22.8 in x -28, r2 = 0.96.

DISCUSSION

Although the shade treatment depressed the percentage flowering in the male clone in
both experiments, there was no correlation between percentage flowering and radiation
level across the two experiments. In the winter experiment, the fact that the plants
flowered early and both the unshaded and the shaded treatments had a high percentage
flowering suggest that the buds were predisposed to opening at the beginning of the
treatments. It is possible that the longer the time the plants were in the pretreatment
temperature (30 C/25 C) before going into the treatment (21 C /16 C) the greater their
response to the radiation level. The differences observed between the response of the
plants held in the pretreatment for 8 months (winter experiment) and 4 months (summer
experiment) were very similar to those observed in this clone in earlier studies on
preconditioning where temperature was varied (4). However, differences in illuminance
or relative humidity between the seasons or the assimilate status at the commencement
of treatment also could be involved.

With the female clone a positive correlation between mean daily radiation level and
percentage flowering was established across both experiments. The difference in
flowering percentage between the unshaded treatments of the summer experiment (35
percent flowering) and the winter experiment (21 percent flowering) was large enough to
suggest the radiation level during the flowering season could have an important effect on
flowering in plantations. This effect could be particularly important in areas that have a
relatively uniform temperature throughout the year and have high radiation levels during
the dry season. With this clone there was no evidence to suggest that the length of time
in pretreatment had an effect on time to flowering or percentage flowering.

As studies on the environmental factors influencing flowering in jojoba progress the
emerging picture becomes more complex. In addition to radiation, photoperiod,
temperature and water regime have been studied. Of these factors only photoperiod has
no effect on flowering (3).
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Temperature during the flowering season is particularly important. The percentage
flowering increases as temperatures progressively decrease to 15 C /10 C (male) or
12 C/7 C (female) (4). There is now some evidence to show that the temperature effect
demonstrated under controlled conditions operates in the field. Rosenwieg (6) has data
from the CIANO plantations at Hermosillo showing a sharp decline in yield in 1981 (a
warm year with a mean December - January temperature of 19.0 C) from 1980 (a cool
year 16.3 C) under similar rainfall conditions.

The temperature during the period of bud growth and bud dormancy is also important in
determining the readiness of the buds to open (4). Benzioni et al (7) noted that the age
of the buds in the field was an important factor in their readiness to open. Results with
the male clone in the present work tend to support this. It is not known if there are
female clones that are as strongly affected as the male clone used in the present study.

Water regime is important in promoting flowering in plants grown in arid zones (7). The
percentage flowering increases with applied water but the optimum water regime is
unknown.

The task of research on flowering during the coming years will be to model the flowering
behavior of jojoba in response to environmental factors and to discover the range of
responses between genotypes so that lines can be selected to give a desired flowering
pattern in any environment.
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ABSTRACT

The effects of irrigation and fertilizing regimes and the genetic origin on the breaking of
flower -bud dormancy were studied. Fertilizers enhanced normal flowering during
February to March and caused some early, out -of- season flowering in the fall. The
response of plants to irrigation and fertilizers was dependent on the genetic background.

INTRODIICTION

Incomplete breaking of floral -bud dormancy of jojoba flower buds is an impediment to
yield production in jojoba. New flower buds form in the axils of the leaves of new
vegetative growth, which may occur at any time during the year. The floral buds,
however, may remain dormant for up to 3 years (1). The mechanisms controlling floral -
bud dormancy in jojoba have not yet been elucidated. Field observations indicate that
water status may play an important role. For example, in an early survey of California,
Clavijero (2) observed that flowering does not occur in jojoba during drought. Similarly,
Gentry (1) reported later that in California and Arizona jojoba's flowering period is
directly related to the timing and amount of winter and spring rains. In a study of the
flowering mechanism, Dunstone (3) concluded that while the photoperiod had no effect
on flowering, low temperatures (18 C) for at least 21 days were required for breaking
flower -bud dormancy. Pretreatment at 30 C day /25 C night temperatures increased
flower formation and the percentage of flowering (4).

Based on our field observations in Israel, it seems that exposure of plants to low
temperatures is not the only factor affecting the breaking of bud dormancy; there were
years in which some plants in a particular plantation flowered while others did not, and
there were years in which most flower buds remained dormant even though winter
temperatures had been low. In view of this evidence, we set out to study the effect of
water regimes and nutrition on the breaking of flower -bud dormancy. We also made
some observations on the effect of the genetic background on this process.

MATERIALS AND METHODS

Two separate experiments were conducted, the methodology for each is described
separately.

Experiment I

Plant material. The study was carried out on female jojoba (Simmondsia chinensis, Link,
Schneider) plants growing on the grounds of the Applied Research in Beer -
Sheva. The plants, which were hybrids of crosses performed in 1966, were planted in
1968. Male plants also were present in the same area, but they were not included in the
study. Treatments were given from January 1978 to 1982.

Treatment regimes. Each treatment group included plants from all the hybrid lines.
Water was supplied by drip irrigation, and fertilizer was applied in the irrigation water.
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Group 1: control -20 non -treated plants
Group 2: monthly irrigation -40 plants irrigated once a month with 0.5 cubic meters of

water per plant
Group 3: monthly irrigation plus low dose of fertilizer -20 plants irrigated as those of

Group 2, but the water contained fertilizer as follows (calculated per plant):
10 grams NH4NO3, 10.3 g Deshen Kol (20:20:20) 44 grams KNO3

Group 4: monthly irrigation plus high dose of fertilizer -20 plants treated the same as
plants in Group 3, except that the concentration of the fertilizer was three
times higher

Flowering record. 10 branches of each plant were tagged at their tips in January every
year. The number of dormant and non -dormant flower buds on these branches was
recorded throughout the flowering period.

Experiment II

Plant material. Male and female jojoba plants sown in 1975 in a plot of about 35 dunams
in Omer near Beer -Sheva were used. Most of the plants were derived from seeds
collected from five successful female plants, designated a -e. The plants were not
irrigated or treated with fertilizer until the beginning of the experiment in May 1980.

Treatment regimes. Each treatment group contained 230 to 280 plants originated in
three or four of the above- mentioned mother plants.

Group I: control -no irrigation or fertilizer
Group II: irrigated once a month with 0.335 cubic meters of water per plant
Group III: as Group II plus fertilizer consisting of N:P:K, 10:2:13 grams /plant, applied

with each irrigation
Group IV: irrigated bimonthly with 0.335 cubic meters of water per plant
Group V: as Group IV plus fertilizer consisting of N:P:K, 10:2:13 grams /plant, applied

with each irrigation

RESULTS AND DISCUSSION

The effect of irrigation and fertilizing on the flowering pattern of jojoba is presented in
Figure 1 (Experiment I). While non -irrigated plants flowered mainly during the second
half of March, irrigated plants had a much longer flowering period extending from the
middle of February until the end of March. Fertilizing caused early flowering, which was
finished 2 weeks earlier than the other treatments. Fertilizing also caused some
flowering in the fall and winter (between October and January). This out -of- season
flowering occurred mainly in fertilized plants, and was more pronounced in plants
receiving high -dose fertilizer (Table 1). In these plants 22 percent and 10 percent of the
flower buds flowered out -of- season in 2 consecutive years (1981, 1982). In irrigated non -
fertilized plants, out -of- season flowering occurred only in 0.2 to 0.8 percent of the buds
at the same periods.

The same effect of fertilizing was found in the large -scale experiment conducted at
Omer (Experiment II). In this experiment out -of- season flowering occurred in both male
and female plants that were irrigated and fertilized monthly. The bimonthly irrigation
and fertilizing did not cause pronounced out -of- season flowering (Table 2).

In the monthly irrigated and fertilized group, flowering in the fall was very common
among the offspring of mother plants a and b; while the offspring of mother plants c, d
and e were less susceptible to the treatment (Table 3). The plants, therefore, were
divided into two groups, one including descendants of plants a and b, and the other
including descendants of c, d and e. Flowering, as affected by irrigation and fertilizing,
was determined in each group separately on two dates, December 27, and January 21,
1982 (Table 4). The data show that each of the two plant groups responded differently to
the treatments: offspring of mother plants c, d and e hardly flowered out -of- season even
when irrigated monthly with or without fertilizing (no males flowered and only 13
percent of the female plants flowered on December 27), whereas plants descending from
mother plants a and b were favorably affected by irrigation and more so by a combined
monthly water and fertilizer treatment (55 to 58 percent flowering on December 27). In
the latter group, 100 percent of the plants flowered at the end of January. Although
descendants of mother plants c, d and e did not respond to the monthly irrigation and
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Table 2. Effect of irrigation and fertilizing on preseasonal flowering October
15, 1981, to January 15, 1982 (Experiment II).

Treatment
Number of

Plants

Number of Early
Flowering Plants Early Flowering

Plants ( %)Males Fern aies

I Control 245 0 0 0

II Monthly Irrigation 266 0 0 0

III Monthly Irrigation
and Fertilizer 276 29 29 21.0

IV Bimonthly Irrigation 267 0 0 0

V Bimonthly Irrigation
and Fertilizer

261 2 0 0.8

Table 3. Effect of the seed origin (mother plant) on preseasonal flowering,
October 15, 1981, to January 15, 1982, in monthly irrigated and fertilized
plants (Experiment II).

Mother Plant Number of Plants Number of Flowering Flowering Plants
Plants Percent of Total

a 26 5 19.2

b 145 49 33.8

c 34 2 5.9

d 35 0 0

e 36 2 5.6
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Table 4. Effect of irrigation and fertilizing on preseasonal flowering of jojoba plants descendant of
various mother plants in 1981 - 1982.

Treatment

Flowering Plants, Percent of Total

Mother plants a, b Mother plants c, d, e

Males Females Males Females

Dec. 27 Jan. 21 Dec. 27 Jan. 21 Dec. 27 Jan. 21 Dec. 27 Jan. 21

Non -irrigated 0 0 0 0 0 0 0 0

Monthly Irrigation 0 30 13 37 0 13 0 0

Monthly Irrigation
and Fertilizer

55 90 58 100 0 0 0 7

Note: Each treatment group consisted of 16 plants

fertilizer treatment by preseasonal flowering, their flowering in the spring was obviously
enhanced, as seen in Figure 2.

CONCLUSIONS

From the above data, the following conclusions can be drawn: 1) irrigation and
fertilizing enhance normal spring flowering; 2) fertilizing may cause some breaking of
floral -bud dormancy in the fall; 3) the genetic background of the plant may affect its
susceptibility to the treatment; 4) the effect of fertilizing and irrigation is dependent on
the fertilizer concentration and the frequency of application; 5) fertilizing does not have
an all-or -none effect but rather a cumulative effect.
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JOJOBA SEED YIELD FROM A SEEDLING PLANTING AT MESA, ARIZONA,
AND FROM A CUTTING -GROWN PLANTING NEAR BAKERSFIELD, CALIFORNIA

David A. Palzkill

and

LeMoyne Hogan

University of Arizona, Tucson

ABSTRACT

Beginning in 1976, jojoba plantings were established at several locations in Arizona to
determine locations in the state where jojoba could be cultivated and to identify superior
genotypes in terms of yield, wax percentage, frost tolerance, shape and other
characteristics. Plantings at Safford, Tucson and Marana, Arizona, failed because of low
winter temperatures. Plantings at Mesa and Yuma, Arizona, have been much more
successful. A planting using rooted cuttings was established near Bakersfield, California,
in 1979 -1980. Harvests were made in 1981 and 1982.

MESA SEEDLING PLANTING

Seeds were obtained from many different jojoba populations, including those in Arizona,
California, Baja California and from cultivated plants in Israel. Seeds were planted in a
greenhouse in Tucson, Arizona; in the summer 1976, seedlings were transplanted to the
field at Mesa, Arizona, when they were approximately 6 months old. Planting sites were
on a 5 -by -10 -foot spacing. Two or three plants were planted at each site to allow for
some selection after sexual differentiation. Excess plants were removed by cutting at
the soil level during the third and fourth seasons. Some regrowth occurred from the
plants that were cut back. This resulted in some sites with one plant plus a few branches
of another plant.

The field has been flood irrigated three to four times per year since establishment;
approximately 6 inches of water was applied per irrigation. No fertilizers or pesticides
have been used on the field to date. However, we will likely need to treat for spider
mites next year since they have become an increasingly severe problem during the last
few seasons. The branch growth around the base of the plants (an estimated 25 to 30
percent of total growth) was pruned off during the fourth year of growth to allow for
easier harvest.

Starting in 1978, 2.5- year -old plants were hand harvested. Care was taken to collect
both the seed on the plant and on the ground under each plant. In 1978 to 1981, all plants
with seed were harvested. In 1982, approximately 80 plants with relatively low yields
were not harvested.

Following harvest, seeds were taken to Tucson and spread in trays in a double layer
polyethylene greenhouse with forced -air ventilation. This resulted in daytime
temperatures of 90 F to 110 F. After 2 to 3 weeks, when there was no further loss in
seed moisture, the seeds were cleaned (hulls and trash removed) and seed dry weights
were determined.

A summary of seed yield for the plants at Mesa for the years 1978 to 1982 is given in
Table 1. The average yield per plant harvested has increased each year of the study,
although not steadily. In 1978, at 2.5 years of age, the average yield was 14 grams from
the 207 plants that produced seed. Many flower buds were present in the fall 1978;
however, cold weather in December 1978 (20 F to 21 F for 2 nights) killed most of the
buds. As a result, the 1979 yield was much less than expected. Only 46 plants produced
seed in 1979 and the average yield from these plants was 27 grams. Since 1980, the
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Table 1. Average and maximum seed yield for seed -propagated
jojoba plants growing at Mesa, Arizona, 1978 -1982.

Year
Number of

Plants
Average Yield

(grams)
Maximum Yield

(grafts)

1978 207 14 74

1979 46 27 171

1980 342 207 1,599

1981 341 316 1,864

1982 264 691 2,070

Note: 6- month -old seedlings were planted in the spring 1976.

average yield has risen consistently; 207 grams in 1980, 316 grams in 1981 and 691 grams
in 1982. It is important to note that the average yield in 1982 was based on only 264
plants. We were unable to harvest all plants, so we selected and harvested only the
better plants. If we assume zero yield for the unharvested plants and average them with
the harvested plants, the average for 1982 would have been 533 grams. Since most of
the unharvested plants would have produced some seed, the true average yield for 1982
would be between 533 and 691 grams.

One objective of this study was to identify high yielding plants with other desirable
characteristics that can be propagated vegetatively and tested further for eventual
release as a cultivar. The right -hand column of Table 1 lists the maximum yield obtained
from an individual plant in each of the five years. In 1978, the maximum yield was 74
grams, a rather small amount; however, this yield was more than five times the average
yield for that year. In 1979, when most plants produced no seed because of frost
damage, one plant produced 171 grams, more than six times the average of the other 45
plants harvested that year. In 1980, 1981 and 1982, the maximum yield for an individual
was 7.7, 5.9 and 3.0 times the average yield of all plants for the corresponding years.

Frequency distributions of seed yield for the plants at Mesa for each of the five harvests
are given in Table 2. In 1978 and 1979, all plants harvested yielded less than 200 grams
of clean dry seed. In the following 3 years, yields were distributed in increasingly higher
yield categories. The number of plants with more than 1 kilogram of seed was five in
1980, 10 in 1981 and 53 in 1982.

A concern of many growers interested in using cutting propagation for new commercial
plantings is whether or not the highest yielding plants in the second or third year will
continue to be superior producing plants in later years. These growers now have 2- and
3- year -old plants and would like to make selections now, rather than wait several more
years until yield histories over several harvests have been established. Our results to
date suggest that some increase in yield could be achieved by making such early
selections. Table 3 illustrates this and gives the 1978 to 1982 seed yields of the plants
that were the top 10 producing plants in 1978. In 1978, these 10 plants averaged 58
grams per plant while the overall average of the plants harvested that year was only 14
grams. In 1979, nine of these 10 plants produced no seed due to frost damage. In 1980 to
1982, the average seed yield of these early high -yielding plants was consistently well
above the average of all plants harvested. However, certain individuals within this early
high -yielding group from 1978 did not perform well in later years. Plants that were third
and 10th in total yield in 1978 were well below the overall average in 1982. Also, the
highest yielding plant in 1982 was not among the top 10 plants in 1978. These results
indicate that by carefully selecting top producing plants for propagation material from a
large population 2 to 3 years of age, an increase in average yield will likely be achieved.
However, some of the selected plants will likely perform below average in later years
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Table 2. Frequency distributions of seed yield for seed -propagated
jojoba plants growing at Mesa, Arizona, 1978 -1982.

Seed Yield Number of Plants in Yield Category
(grams) 1978 1979 1980 1981 1982

0-200 207 46 221 156 22

200-400 0 0 71 76 40

400-600 0 0 26 54 57

600-800 0 0 17 34 54

800-1;000 0 0 2 11 38

1,000-1,200 0 0 2 6 28

1;200-1,400 0 0 2 2 11

1,400-1,600 0 0 1 1 5

1,600-1,800 0 0 0 0 5

1,800-2,000 0 0 0 1 3

2,000-2,200 0 0 0 0 1

TOTAL 207 46 342 341 264

Note: 6- month -old seedlings were planted in the spring 1976.

Table 3. Yield trend for early high -yielding jojoba plants at Mesa,
Arizona, 1978 -1982.

Plant Rank Seed Yield (grams)
1978 1978 1979 1980 1981 1982

1 72 - 772 366 1,302

2 72 147 621 459 1,858

3 66 - 469 727 608

4 65 - - 792 -
5 58 - 177 190 1,823

6 56 - 798 1,132 907

7 52 - 1,393 499 1,327

8 51 - 344 299 1,476

9 46 - 276 628 1,656

10 39 - 34 173 351

Average of Listed 58 - 543 527 1,256
Plants

Average of All 14 27 207 316 691
Plants for Year
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and some of the best producing plants will be missed if selection is made in these early
years. Also, there may be other important characteristics like shape, ease of harvest
and resistance to various types of stress (heat, cold, salt, insects, diseases) that have not
yet been expressed in the early years.

Another potential problem of making early selections is that plants with inconsistent or
alternate yielding habits might be increased. Some plants for which we have been
collecting yield records show dramatic differences in yield from year to year while
others have increased consistently in yield over time. This is illustrated in Table 4,
which gives yield records for five plants during 5 years and the average yield for all
plants harvested in each of those years. Plant A is an example of the alternate -year
yield habit that we are concerned about. This plant started out very well in 1978 (about
two times the overall average), was about average in yield in 1979, was one of the better
yielding plants in 1980, fell to well below average in 1981 and was once again a very high
yielding plant in 1982. Based on the number of flower buds formed to date, this plant
will produce very few seeds in 1983. Individuals with such an alternate -year yielding
pattern are masked in seedling plantings and do not seriously sway total production in
any one year if they are present in small numbers. However, if such a plant is selected
during one of its early good years and increased to large numbers via cutting propagation
or tissue culture and if it is planted on hundreds of acres, the results could be
catastrophic for a grower. We would prefer a plant like B in which there has been a
consistent increase in yield over time. Plant D is somewhat similar to B although it
decreased slightly in yield in 1981. Plant C had a very desirable yield pattern until 1981,
then dropped off quite sharply in 1982, although it is still producing at a satisfactory
level. Plant E started producing slowly through year 5.5, but in year 6.5 it was one of
the better yielding plants.

BAKERSFIELD CUTTING PLANTATION

During 1978 and early 1979, cuttings were collected from selected plants in native
populations in Arizona and Sonora and from cultivated plants at Mesa. These cuttings
were rooted in Tucson then planted in a field approximately 30 miles south of
Bakersfield, California, in the summer 1979. The field is irrigated with 15 to 20 inches
of water annually from an overhead sprinkler system. No fertilizer or pesticides have
been used to date. A fertilizer program will be started in the spring 1983. Harvests
were made on this field in 1981 (2.5- year -old plants) and 1982 (3.5- year -old plants).
Following the 1981 harvest, basal branches were pruned off to facilitate later harvests.

In 1981 all plants with seed were individually hand harvested. In 1982 a survey of the
field was made several weeks before harvest and plants were rated for estimated yield
and apparent suitability for eventual mechanical harvesting. Only plants that rated high
for yield and suitability for mechanical harvest were harvested. Seeds were dried and
cleaned and weighed as described earlier for the Mesa planting.

The first two harvests of the cutting -propagated plants near Bakersfield are summarized
in Table 5. The average yield at 2.5 and 3.5 years was considerably higher for these
cutting -propagated plants than for the seedling plants grown at Mesa; however, the
environment, germplasm and year of harvest were all different for these two locations so
we cannot say that cutting propagation per se has resulted in earlier higher yields.

The main objective of our study near Bakersfield is to identify plants that are much
better than average in yield. We are starting to do this as illustrated in the right -hand
column of Table 5. At 2.5 years of age, one plant produced 276 grams of seed and one
plant produced almost 1,238 grams at 3.5 years of age. This is further illustrated in
Table 6, which gives frequency distributions of seed yields for 1981 and 1982. Of 4,515
plants harvested in 1981, 4,497 produced less than 200 grams of seed while only 18
produced from 200 to 400 grams. These 18 plants will be carefully followed. In 1982,
once again, it is the few plants in the highest yield categories that are of the most
interest to us.

The performance of an individual clone in 1982 is shown in Table 7. This particular clone
was represented by 25 plants. The average yield of these 3.5- year -old plants was 759
grams; they ranged in yield from 307 to 1,238 grams. The results with this clone show
that clonal plants are not identical and will not produce identical yields even though the
plants are genetically identical. Uniformity should improve if the type and size of
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cutting as well as the quality of the cutting root system is standardized. These results
also show that the average yield of plants of a good clone will be considerably higher
than the average yield of a diverse population of plants.

Table 4. Yield patterns of selected jojoba plants at Mesa, Arizona, -.
1978 -1982.

Seed Yield (grams)
Plant 1978 1979 1980 1981 1982

A 31 31 1,051 57 1,556

B 19 - 1,017 1,309 1,670

C 30 - 1,223 1,864 1,021

D 5 64 725 623 2,070

E 60 - 177 , 190 1,823

Average of All 14 27 207 316 691

Plants

Table 5. Average and maximum seed yield for cutting -propagated
jojoba plants growing near Bakersfield, California, 1981 -1982.

Year
Number of Average Yield

Plants (grams)
Maximum Yield

(grams)

1981 4,515 26 276

1982 1,428 367 1,238

Note: Approximately 6- month -old cuttings were planted in the
summer 1979.
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Table 6. Frequency distributions of seed yield
propagated jojoba plants growing near Bakersfield,
1981 -1982.

for cutting -
California,

Seed Yield
(grams)

Number of Plants in Yield Category
1981 1982

0-200 4,497 410

200-400 18 462

400-600 0 322

600-800 0 151

800-1,000 0 64

1,000-1,200 0 16

1,200-1,400 0 3

TOTAL 4,515 1,428

Table 7. 1982 performance of a selected clone near Bakersfield,
California, at 3 years of age.

Number of Plants Harvested 25

Average Seed Yield 759 grams

Maximum Seed Yield 1,238 grams
Range in Seed Yield 307 -1,238 grams
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ESTABILIDAD Y MEDIA DE PRODUCCION
EN PLANTAS DE JOJOBA, SIMMONDSIA CHINENSIS (LINK) SCHNEIDER,

BAJO CULTIVO EN LA COSTA DE HERMOSILLO

Uldarico Durazo B.
Centro de Investigaciones Agrícolas del Noroeste

Hermosillo, Sonora, Mexico

ABSTRACT

Five stability levels of production were determined. Fifty percent of the plants showed
alternate bearing, but produced the highest mean production annually. Twenty -two
percent showed linear increases in production, however, they were not the best
producers. Only 1 percent of the plants showed a decrease in production annually. From
1977 to 1980 the mean production of jojoba plants increased each year. The low
production in 1981 was assumed to be affected by a freeze in November 1980.

INTRODIICCION

En todo cultivo comercial, la producción es el factor limitante para un análisis
económico de redituabilidad. En jojoba, la gran variabilidad genética 9ue la planta
presenta (1, 2, 3) no ha hecho posible predecir con esactitud su produccion, lo cual ha
despertado gran interés en el campo de la investigación para obtener poblaciones
uniformes. Con el propósito de determinar indicadores de selección que caracterizen
plantas altamente rendidoras (4), el Campo Agrícola Experimental de la Costa de
Hermosillo, CIANO, ha venido trabajando en la investigación de esta planta a partir de
1972.

En esta presentación se hace un análisis de la estabilidad observada y medias de
producción obtenida durante 4 años de cosecha.

MATERIALES Y METODOS

El trabajo se realizó en 203 plantas femeninas de jojoba en los lotes A y B del cuadro 1,
localizado en el campo Agrícola Experimental de la Costa de Hermosillo, CIANO. Del
total de plantas consideradas 147 se localizan en el lote A, distribuidas al azar en una
población de 464 plantas con relación de sexo aproximado 1:1. Estas plantas fueron
transplantadas en el mes de octubre de 1972 de semilla proveniente en forma silvestre y
sembradas en macetas de 25 centímetros de diametro por 50 centímetros de alto. Las 56
plantas restantes se encuentran en el lote B, distribuidas al azar en una población de 406
plantas transplantadas en el mes de octubre de 1973 con procedencia y relación de sexo
similar al lote A.

El terreno es de textura franco -arcilloso. La plantación fue hecha en plano con arreglo a
cuadro (1.80 metros por 1.80 metros). En estos lotes no se han realizado aplicaciones de
fertilizantes y los deshierbes efectuados han sido manuales. Se han hecho aplicaciones
de insecticidas cuando ha sido necesario para control de chicharrita (Homalodisca
lacerta) y pulgones. Se ha aplicado una lámina de riego aproxiamadamente de 50
ces metros durante el año, distribuidas en los meses de octubre a julio. Se han realizado
podas ligeras a la cosecha con el fin de facilitar la recolección. Estas plantas se han
venido cosechando en forma individual a partir de 1977. La media de producción por
planta se consideró en base a las 147 plantas de lote A (10 años de edad)
independientemente si produjeron o no semilla. Para determinar la estabilidad de
producción se consideraron plantas de ambos lotes (A y B) a partir de la producción de
1977; 10 y 9 años de edad respectivamente.
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RESULTADOS Y DISCUSION

En el año 1977, 5 años despues de establecidas las primeras plantas de jojoba en el lote
A, se realizó la primera cosecha individual observandose rangos de rendimiento de 0 a
1,000 gramos por planta (Figura 1). El número mayor de plantas (82 en total) que
representa el 56 por ciento tuvieron rendimeintos de 0 a 100 gramos observandose menor
el número de plantas productoras a medida que aumentaba el rango de producción. Se
observó un 8 por ciento de plantas con producción mayor de 500 gramos, y solo una
planta superó los 1,000 gramos. Sin embargo, durante la cosecha de 1980, el número de
plantas con rendimiento de 0 a 100 gramos se redujó a 26 (18 por ciento) aumentando el
número de plantas en todos los rangos de producción mayores a 200 gramos. Se
determinaron 39 plantas (27 por ciento) con rendimientos de 500 a 1,000 gramos y 18
plantas (12 por ciento) fueron superiores a los 1,000 gramos de rendimiento individual.

Número de plantas con producción superior a 500 gramos aumentó en 1978 a 30 plantas,
40 en 1979 y 57 durante 1980. Aplicar riego durante invierno y otro durante el desarrollo
de frutos cuando las lluvias han sido escasas es muy importante en la obtención de una
buena cosecha (5). Yermanos (6) menciona otro factor importante a considerar para una
buena cosecha heladas tempranas. No obstante observarse un incremento anual
constante de producción en una media approximada de 100 gramos por planta de 1977 a
1980, no significa que la planta de jojoba incremente su rendimiento en forma lineal. La
Tabla 1, muestra la producción de cinco plantas durante 4 años de cosecha, donde se
observan las variaciones obtenidas en rendimiento. En base a estas variaciones se
caracterizaron cinco niveles de estabilidad de producción (Tabla 2). El 50 por ciento de
plantas de jojoba representaron 'incremento de rendimiento en forma alternada, no
obstante resultaron ser las mas rendidoras en promedio por planta. El 22 por ciento de la
población evaluada, mantuvo un incremento consistente en forma lineal, sin embargo la
media de rendimiento por planta bajo un 25 por ciento con respecto a las plantas de
producción alternada. El 16 por ciento está representado por plantas con incremento de
producción durante 2 años y uno decresiente. La media de producción se mantuvo
superior a la de incremento constante, pero inferior a las de producción alternada. El 11
por ciento de plantas fue inverso al anterior, 2 años continuous decreció su rendimiento
incrementandose al año siguiente, en este caso la media de producción por planta fue
superior a plantas con incremento constante y inferior a las dos anteriores. Plantas con
producción decreciente continua durante los 4 años fueron observadas 2 (1 por ciento),
las cuales tuvieron producción media inferior a todos los anteriores niveles. La Figura 2
muestra la producción media anual en plantas de jojoba, donde se observa incrememto de
producción de 1977 a 1980; la baja producción durante 1981, aunado a los factorer de
variabilidad, se asume se hayan devido a temperatura menos 0 C presentadas en
noviembre 26 y 27 de 1980 (Tabla 3).

CONCLUSIONES

De acuerdo a los avances de investigación que se han desarrollado en el Campo Agrícola
Experimental de la Costa de Hermosillo en lo correspondiente a producción en jojoba, se
concluye lo siguiente.

Los rendimientos individuales de semilla en plantas de jojoba han sido diferentes año con
año. Plantas con rendimientos altos un año presentan bajas producciones el siguiente e

inversa.

El hecho de que las plantas mantengan incrementos lineales en su producción, no
significa que sean las mejores, ya que otras aunque varien su producción (producción
alternada) pueden permanecer con rendimientos promedios altos.

La producción media por planta por año, considerando 172 gramos como cosecha
significativa, es un parámetro de más confiabilidad para la selección de plantas
rendidoras (7).

Aunado a muchos factores que aun permanecen obscuros en relación a las variantes de
rendimientos en jojoba, la producción de 1981 (256 gramos por planta), 50 por ciento
aproxiamadamente menos al año anterior, queda dentro de limite en un análisis de
redituabilidad económica para una plantación comercial (7). Es palpable la necesidad de
seguir investigando sobre esta planta dada su gran variabilidad que al paso del tiempo
sigue mostrando.
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Tabla 1. Rendimiento anual de cinco plantas de jojoba.

Planta Rendimiento (gramos)
Año: 1977 1978 1979 1980

1 225 777 1,000 2,135

2 101 315 180 , 820

3 52 180 830 55

4 0 215 115 110

5 452 320 310 285

Tabla 2. Estabilidad de rendimiento en plantas de jojoba durante 4 años.

Número de Plantas Por Ciento Medio de Producción
(gramos)

Comportamiento en Producción
(año con año)

44 21.7 253 incrementó

101 49.7 332 alternado

33 16.2 302 2 años incrementó;
1 año decreció

23 11.2 261 1 año incrementó;
2 años decreció

2 .98 235 decreció
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Tabla 3. Temperaturas mínimas, en media mensual registradas en
los periodos de noviembre a febrero de 1979 -1980 y 1980 -1981 en el
Campo Agrícola Experimental, en la Costa de Hermosillo.

Mes Temperatura Mínima Media Mensual (C)

1979 -1980 1980 -1981

Noviembre 7.4 7.9*

Diciembre 5.3 5.3

Enero 9.2 9.5

Febrero 8.6 5.8

*Dia 26 y 27 presento temperatura a -1.5 C
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COMPORTAMIENTO DE UNA PLANTACION COMERCIAL DE JOJOBA DE 4 Y 5 AÑOS
DE EDAD EN LA COSTA DE HERMOSILLO, SONORA, MEXICO

Mario Laborin N.
Campo Sacramento, Hermosillo, Sonora, Mexico

ABSTRACT

One hundred hectares of jojoba have been established at Campo Sacramento on the coast
of Hermosillo, Sonora, Mexico. Twenty -five hectares are 5 years old, 75 hectares are 4
years old. Seed yields were 7 kilograms per hectare in 1980; 60 kilograms per hectare in
1981; and 270 kilograms per hectare in 1982.

INTRODUCCION

Presentamos resultados de nuestra cosecha de este año en 100 hectareas de jojoba.
Tenemos 25 hectareas de 5 años de edad y 75 hectareas de 4 años de edad que produjeron
120 kilogramos por hectarea promedio general de semilla limpia de jojoba y de muy
buena calidad.

ANTECEDENTES

Metodo de Siembra

Siembra directa tirando cuatro a cinco semillas por metro lineal y separación de 3
metros entre lineas.

Irrigación

Riego por gravedad con surcos a cada lado de la línea, usando 60 centímetros de lamina
por hectarea anual, mas probables 5 a 10 centímetros promedio anual de lluvia.

Fertilización

Este año no se uso fertilizante por no haber tenido respuesta satisfactoria en los años
anteriores. Esperaremos resultados de experimentos de fertilización foliar que estan
llevando a cabo en la Universidad de California en Riverside.

Herbicides

Para el control de correhuela (morning glory) y demas hierbas de hoja ancha seguimos
usando Ban -Vel y para zacate Johnson el herbicida Round -Up, que no lesionan las plantas
de esa edad. Este ano pensamos usar Treflan en las calles y surcos para mantener
limpias estas areas y atacar las hierbas al nacer.

Podas

Para facilitar el uso de la máquina cosechadora, y para poder después de pasar con esta
máquina, levantar con gente la semilla que se quedo en el suelo, se podaron las plantas a
30 centímetros de donde sale el tallo de la tierra para arriba con una podadora de helice
adaptada en el frente de un tractor. Con el mismo fin de facilitar la cosecha mecánica y
promover la brotación dentro del arbusto para estimular la floración, estamos usando una
podadora montada enfrente del tractor con dos cuchillas verticales ajustables a la
medida que se quiera dejar de claro en las calles, para poder seguir haciendo con tractor
las labores de cultivo benéficas para la planta. Nuestra idea es controlar cada línea de
jojoba a una anchura de 2.5 metros y a una altura de 3 metros que es donde trabaja
perfectamente la maquina cosechadora. Con estas podas que se haran anualmente se
estaran estimulando los brotes nuevos y como consecuencia nuevas floraciones.
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Cosecha

Este año usamos nuestra cosechadora de uva Labeco adaptada para cosechar jojoba en
nuestro taller del campo. Por detalles de adjustes de la máquina, empezamos a trabajar
con ella cuando la mata ya habia tirado parte de su carga al suelo por madurez, usamos
la cosechadora en todas las líneas de jojoba de nuestras 100 hectareas, y logramos
cosechar mecanicamente el 30 porcentaje del que resultó el total de nuestra cosecha. El
70 porcentaje restante lo levantamos con gente pagandoles por cada kilogramo
levantado, habiendo salido un promedio de 10 a 12 kilogramos por persona por día.

En la próxima cosecha de 1983, pensamos meter la cosechadora mas temprano, para
invertir los porcentajes; cosechar mecanicamente al 70 por ciento o mas y el resto
levantarlo con gente para abaratar costos, mientras perfeccionamos mas nuestro sistema
de cosecha mecánica.

Costos de Cosecha Mecánica

La cosechadora es manejada por un operador y un ayudante y cosechó un promedio de 5
hectareas por turno de 8 horas diarias. Si una hectarea dio 120 kilogramos y el 30
porcentaje de ésto se cosechó con la máquina, nos da que la máquina cosechó 36
kilogramos por hectarea. Como la máquina cosechó 5 hectareas por día, la cosecha
mecánica diaria fue de 180 kilogramos. El total de costos de la cosecha mecánica para
levantar 180 kilogramos de semilla fue $71.45 (U.S.) por día ($14.30 por dia al operador;
$7.15 por día al ayudante, $50 por día al porcentaje de desgaste, diesel y refracciones
diario). Dividiendo los $71.45 de costo entre los 180 kilogramos de semilla que levantaba
diario la cosechadora, nos da un costo por kilogramo de $3.97.

Costos de Pizca con Gente

La semilla que quedo en el suelo que no antes de que entrara la máquina, se levantó con
gente a un costo de $7.86 por kilogramo.

Diferencia de Costos de Cosecha Mecánica y de Costos Levantandola
Con Gente

De acuerdo con las cifras mencionadas anteriormente, la diferencia a favor de la cosecha
mecánica nos da: $7.86 con gente; $3.95 con cosechadora. $3.91 de diferencia es un 100
porcentaje menos de costo de cosecha mecánica contra cosecha con gente.

Descascare de Semilla

Cuando ya completamos la cosecha, la llevamos a quitar la cáscara a una máquina
descascaradora de cacahuate, que tenemos en nuestra cooperativa para los socios que
siembran cacahuate, y ya le encontramos un uso mas a esta máquina; le quita
perfectamente la cáscara a la semilla de jojoba sin lastimarla en lo mas mínimo y
ademas la selecciona (si uno desea) en tres tamaños distintos. La merma que tuvimos en
peso al quitarle la cascara fue de 200 por ciento. El costo de esta última etapa de
nuestra cosecha fue de $.20 por kilogramo de semilla limpia, incluyendo la mano de obra,
de ponerla en costales y acomodarla en el almacen donde la tenemos lista para su venta.

ESTUDIO SOBRE PRODUCCION INDIVIDUAL DE MATAS DE JOJOBA

La Ing. Ana C. Rosenzweig Pasquel encargada el cultivo y propagacíon de jojoba en el
Centro de Investigaciones Agícolas del Noroeste (CIANO), hizo en nuestro plantio una
selección de matas femeninas que le parecieron sobresalientes a vista, para hacer una
evaluación posterior. Dentro de nuestra plantación de jojoba selecciono 180 plantas; de
esta selección, recogió la semilla de cada planta y la peso individualmente, obteniendo
resultados desde 1.5 kilogramos por mata hasta 4.185 kilogramos por mata con un
promedio de porcentaje de aceite arriba de 40 por ciento todas.

OBSERVACIONES GENERALES EN NUESTRO PLANTIO DE JOJOBA

Tomando como base las 25 hectareas de 5 años de edad, ya que el comportamiento de las
75 hectareas de 4 años esta siendo el mismo de acuerdo con su edad, la cosecha de: a los
3 años de edad (en 1980) fue de 7 kilogramos por hectarea; a los 4 años de edad (1981) fue
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de 60 kilogramos por hectarea; y a los 5 años de edad (en 1982) fue de 270 kilogramos por
hectarea.

Humedad Necesaria

La planta de jojoba necesita humedad en lo profundo de la tierra donde está la raíz.
Prueba de ello lo vimos en nuestro campo donde pasa paralelo al último surco de jojoba,
un canal de tierra, sin revestimiento de concreto por donde llevamos agua a otros
cultivos.

El surco de jojoba que está pegado a dos metros de ese canal dio 120 kilogramos de
semilla contra 30 kilogramos de la misma en promedio que dieron los demas surcos
companeros, es decir, este surco a que me estoy refiriendo dio tres tantos mas que el
promedio de los surcos cosechados. Esto, que no fue mas que un accidente, nos está
señalando, que la planta de jojoba teniendo la suficiente humedad a 3 metros o mas donde
esta su raíz, mantendra su capacidad genética de producción.

Como consecuencia de esta experiencia, antes de terminar octubre, nosotros meteremos
en todas las calles de nuestro plantio un tractor Caterpillar con dos cinceles a lo mas
profundo que la capacidad del tractor lo permita, para poder almacenarle humedad a la
mayor profundidad posible.

Estamos contentos y satisfechos con los resultados del sistema que estamos usando,
desde la siembra hasta la cosecha en nuestra jojoba, y cada día vemos que aprendemos
algo mas de esta planta; prueba de nuestro convencimiento es que usando todo este
sistema que iniciamos hace 5 años, en este mes de agosto pasado plantamos 35 hectareas
mas sin cambiar medidas y usando la misma semilla que nosotros producimos.
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MECHANICAL HARVESTING OF JOJOBA

Gordon L. Fisher
American Jojoba Industries Inc., Bakersfield, California

ABSTRACT

The ability to mechanically harvest commercial plantations of jojoba is important to the
economic viability of the industry. Hand -harvesting of jojoba is not economical for the
commercial grower because it is costly and the actual availability of labor is
questionable. The development of a mechanical jojoba harvesting system requires an
evaluation of off -the -ground and off -the -bush recovery. An off -the -bush system is the
most efficient and economical. Mechanical harvesting of jojoba can be accomplished for
less than $.25 per pound of seed compared to $2.50 per pound for hand harvesting.

INTRODUCTION

Mechanical harvesting of jojoba is important to the economic viability of our industry.
Those of us involved in this new industry have been categorized as pioneers and
appropriately so, when you consider that we have planted in excess of 30,000 acres of
jojoba with no proven method for economically harvesting the crop.

During the past 3 years we have developed what we believe to be a most satisfactory
machine for mechanically harvesting jojoba --the BEI mechanical jojoba harvester. It is
appropriate to retrace the steps and logic that led us to develop the present machine.
This is not our firm's first experience with mechanical harvesting equipment. We have
owned and operated cotton harvesters, electronic tomato harvesters, and as many as 12
mechanical grape harvesters. We have used this harvesting equipment in our own fields
and have provided a custom harvesting service to other growers. Thus, we started with
some knowledge and experience in developing a harvesting system for jojoba.

HARVESTING METHODS

The traditional method used in the harvesting of jojoba has been that of hand labor at a
cost of approximately $2 to $3 per pound of clean dry seed. This method proved
economically satisfactory for harvesting native stands where machinery was impractical
and where there were no annual growing or capital costs that had to be recovered. With
the development of commercial plantations, we obviously have approached a new
plateau. Now harvested seed must return to the grower the cost of harvest, the annual
costs of farming, and a return on capital invested. This, I believe, we would all agree
will be most difficult to accomplish with hand harvesting in the United States and in
other countries with similar labor costs. We should address the economics of hand
harvesting vs. machine harvesting and we should consider the availability of labor to
accomplish a hand harvest in the time frame required.

We have approximately 30 to 45 days to remove the crop from the plant, or the seed will
begin to fall and we will be confronted with harvesting more seed from the ground than
from the plant. Putting that harvest time frame aside, however, can we depend on hand
harvesting labor being available in all the areas in which jojoba is being commercially
grown in the short time frame required? This is a major risk and one that most
companies will not be willing to assume. Thus, we have concluded that mechanical
harvesting is essential to the economic viability of the industry. With mechanical
harvesting, we can substantially reduce our harvesting costs from approximately $2.50 to
less than $.25 per pound of seed resulting in a significant cost savings. We also can
eliminate the uncertainty of available hand labor. Also, the mechanical picking
efficiency or recovery of seed from the bush will be every bit as good as that achieved
from hand harvesting. This then has led us to evaluate different systems for
mechanically harvesting jojoba.
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First, we have a choice between removing the seed directly from the bush or recovering
seed from the ground. We believe that directly removing the seed before they fall to the
ground is the most efficient and economical system. That belief, also is shared by other
firms who are knowledgeable about mechanical harvesting systems. Major deterrents to
off -the -ground harvesting are sandy soils on which most jojoba is being grown, and the
small seed size, which makes off - the -ground recovery very difficult. Also of concern, is
the amount of seed that will fall into the interior of the bush, which will be most
difficult to retrieve. Off- the - ground recovery subjects the grower to the hazards of
wind, which can cover the seed on the ground with sand. Ground recovery also makes the
seed available to native rodents who feed on jojoba seed.

A plantation set up for a ground recovery system must necessarily provide more space
between the rows to facilitate that type of harvesting equipment. Off -the -ground
recovery thus reduces the potential number of plants per acre and consequently reduces
the total possible yield per acre.

An over -the -row mechanical harvester is the best system. In developing a machine like
the BEI jojoba harvester, a total harvesting system, not just the removal of the seed
from the bush, must be considered. A harvesting system includes in -field recovery,
disposal of the seed into containers at the side of the field and transportation of the seed
to the processing plant. The handling of the seed at the processing plant may include
drying, hulling, sizing, and oil processing, all of which require moving the seed and its
associated costs. A total harvesting system is being developed by a division of our
company known as Jojoba Harvesters.

The BEI jojoba harvester sells for $85,000 FOB Michigan. We will be able to
manufacture 10 machines to be delivered for the 1983 harvest season based upon orders
received before January 31, 1983. We offer a leasing option and offer a custom
harvesting service to growers who do not wish to acquire their own machine.
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SYSTEMS APPROACH TO HARVESTING JOJOBA

Ralph W. Boyd
Sunland Jojoba Inc., Casa Grande, Arizona

ABSTRACT

To evaluate the successful, economic harvesting of jojoba, the following areas must be
studied as a whole: plant physiology, cultural techniques and harvest cost. The following
questions should be asked: How and where is the plant growing? Will the plant be
accessible to a mechanical harvesting operation? Can hand harvesting be accomplished
with a minimum of physical effort? Can cultural techniques be used to bring a maximum
number of seeds to maturity simultaneously?

CONSIDERATIONS

Irrigation timing and frequency will affect seed maturity. Physical techniques, such as
stirring up pollen with wind machines or orchard sprayers or adding pollen, may
maximize pollination. Growth regulators could be used to help synchronize seed set.
The pruning and shaping of plants will help accommodate mechanical harvesters and will
stimulate growth of fruiting wood.

The development of mechanical harvesters and harvesting techniques must consider: a)
different plant genotypes (upright vs. multibranched); b) extended flowering periods and
successive fruit maturity periods; c) shrub size and shape; d) soil types and terrain; e) the
presence of the following year's flower bud at harvest time; f) brittleness of the wood
(the age of the plant makes a great difference); and g) the cost of harvesting (including
capital cost of harvesting equipment).

The harvesting process should involve gathering the maximum number of mature jojoba
seeds at the least possible cost, considering the ultimate or final use of the seeds (for
either propagation or for oil extraction).
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1982 JOJOBA SEED PROCESSING

James H. Brown
Jojoba Growers & Processors Inc., New York, New York

ABSTRACT

Jojoba seed processing is accomplished with equipment similar to that used with other
oilseeds. Standard equipment can be used after some modification. When operating at a
capacity of 1,000 pounds of seed throughput per hour, the estimated fully allocated cost
is $.08 to $.12 per pound of oil. When operating intermittently the estimated annual
average processing cost is $.75 per pound of oil.

INTRODUCTION

Today jojoba seed is processed with equipment similar to that employed with other
oilseeds like soybean, peanut or cottonseed. While the oil itself is chemically different
from the triglyceride vegetable oils, its physical properties and the properties of the
seed are similar enough that standard equipment can be used after some modification. I
will describe some of the equipment and procedures used to process and refine jojoba oil
for bulk shipment from the manufacturing operations of Jojoba Growers & Processors
Inc., Apache Junction, Arizona.

The operation is not considered optimum for the future, but it has been organized and
constructed to handle the flow and volume of seed presently available from the wild
jojoba harvest in the most cost efficient manner possible. The equipment layout provides
for seed receipt, grading, hulling, sizing and distribution to seed storage bins, and seed
meal pressing. Oil is pumped from the catch tanks to a settling tank and then is filtered
into a heating tank for pasteurization. After pasteurization the oil is either filtered into
containers or is transferred to a bulk oil storage tank for later filtration and filling.

PRODUCT STREAM

Receipt and Weighing

All operations begin with the receipt, weighing and grading of incoming jojoba seed.
Seed is purchased from harvesters in lots that vary from i to several thousand pounds.
The seed is cleaned or is purchased in the hull at a price equivalent to 50 to 60 percent
of clean seed. The scales used to weigh incoming seed are 1) the platform type with 500 -
and 1,000 -pound capacities and 2) a smaller scale with a 125 -pound capacity. Public
scales are used to weigh lots exceeding 3,000 pounds.

Seed Distribution

After receipt the seed is conveyed via a small bucket elevator (3,000 pound per hour
capacity) to a gravity table (2,000 pound per hour capacity) to remove materials of a
density heavier than jojoba seed. As an average, 0.1 percent to 3.0 percent by weight of
trash and stones are removed from incoming seed. From the gravity table the seed again
travels through the bucket elevator to either the hulling machine, the dryer, the sizing
machine or to the oilseed storage bins. In the hulling machine approximately 25 percent
to 30 percent of the gross weight is removed. Hulls are given away as garden mulch.
The huller capacity is approximately 400 pounds of clean seed per hour. This machine
will be replaced next year with an improved model.

Damp seed is dried in lots of approximately 500 pounds every 1/2 hour with a 150,000 Btu
propane -fired heater directed into the lower portion of a self- fabricated drier. The seed
is recirculated through the drier using the small bucket elevator. Temperatures of 250 F
are reached inside the drier during operation.
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Planting -quality seed is diverted to the sizing machine. There screens classify the seed
to obtain a uniform size for planting. The planting seed is then hand cleaned to remove
chipped or broken seed. Samples are drawn from each bag for germination tests and the
bags of seed are tagged in lots of 1,000 pounds each.

Seed to be used for oil is diverted to the oil seed storage bins above and adjacent to
expeller no. 1. The bins have a holding capacity of 6,000 pounds of seed.

Oil Pressing

Oil is expressed from the seed, without further preparation, with two French 33 -inch,
three -section expeller presses operating either independently or in tandem. The
expellers are driven by 40 horsepower motors geared to turn the shaft of expeller no. i
at 17 revolutions per minute (rpm) and the shaft of expeller no. 2 at 22 rpm. The cage
bars in section no. 1 of expeller no. i are spaced at .020 inches and, in sections 2 and 3,
at .015 inches. The cage bars in section no. 1 of expeller no. 2 are spaced at .010 inches
and in sections 2 and 3 at .005 inches.

The normal procedure is to run the seed through expeller no. 1. There 25 percent to 35
percent of the seed weight is recovered as oil. The warm meal is conveyed to expeller
no. 2 with self -fabricated vertical and horizontal screw conveyors. In the expeller,
another 10 percent to 15 percent oil is recovered. Dry meal is bagged and stored for
future solvent extraction and the oil is pumped into a 750 gallon settling tank.

Oil Processing

Oil is allowed to stand in the 750 -gallon settling tank as long as possible so that fine
particles settle before the first filtration. When operating at full capacity 275 gallons
are drawn from the settling tank every 3 to 4 hours. From the settling tank, oil is
filtered through a plate and frame Schriver filter press with a 30 square -foot filtering
surface area. The oil is pumped through both paper and cloth at 40 pounds per square
inch (psi) to 100 psi, at a rate of 5 gallons to 10 gallons per minute, into a 300 -gallon
pasteurization tank equipped with an agitator and a heating element. Under agitation
the oil is heated gradually to 200 F. The oil is maintained at that temperature for a
minimum of 1 hour before filling into drums or pails. In the event Sonora Quality or
totally refined oil is desired, 2 percent by weight of Filtrol 105 or Tonsil L -80 is added to
the oil and the temperature is increased to approximately 250 F. Oil from the refining
tank is either filled directly into containers or is pumped into a 450- gallon capacity
finished oil storage tank.

Two samples are collected from each container and are marked by lots and container
number. One sample is sent to the customer and one is retained for laboratory analysis
and future reference.

DERIVATIVE MANUFACTURING

Pilot -scale quantities of sulfurized and sulfonated jojoba oil are prepared in 22 liter
flasks. JOJOBUTTERTM, isomerized jojoba oil, also is prepared in the facility in
quantities up to 200 pounds per week. Larger scale manufacturing of these products and
hydrogenated jojoba wax is carried out at a different location on a contract basis.
During this year a 100 -gallon glass lined Pfaudler reactor will be installed to prepare
larger lots of derivatives.

QUALITY CONTROL

Retained samples are routinely checked for odor, color, clarity and, when requested, acid
value. Thin layer chromatography is used to check lots of oil offered to us by outside
vendors. The pasteurization and filtration steps essentially eliminate the possibility of
microbiological contamination, although the process is not completely aseptic. Plate
counts are guaranteed to be below 200 and normally run less than 10.

CAPACITY

With additional seed storage bins and oil holding tanks this facility could process up to
3,000 tons of jojoba seed annually operating on three shifts. With one expeller in
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operation during the 1981 season the plant throughput was 125 tons of seed. Thus far
during the 1982 processing season, the throughput has been 85 tons of jojoba seed. We
expect to process 200 tons this season.

MANPOWER

One forman and two helpers are present for each shift when both expellers are operating.
Additional hand labor is required when planting seed is being prepared for shipment.

COST OF EQUIPMENT

The replacement cost of purchasing new equipment and installing the same capacity
would be approximately $500,000.

COST OF OPERATION

When operating at a capacity of 1,000 pounds of seed throughput per hour the estimated
fully allocated cost is $.08 to $.12 per pound of oil. Operating intermittently as we do
the estimated annual average processing cost is $.75 per pound of oil.

FUTURE

Optimum production facilities in the future will include seed preparation and solvent
extraction equipment designed and operated according to methods and procedures
developed specifically for jojoba. Operating costs should drop to as low as $.04 per
pound of oil when uses are developed for jojoba presscake and other by- products.
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COSMETIC INDUSTRY MARKETING CONSIDERATIONS FOR THE JOJOBA SUPPLIER

Edward C. McKeown
Costee Inc., Palatine, Illinois

ABSTRACT

The emerging jojoba industry has been concerned with producing seed and oil almost
exclusively, since demand has been generally greater than supply. The industry's
handling of the poor harvest in 1981 negatively affected demand in 1982 in the personal
care industry. Because of this, the jojoba industry will have to place more emphasis on
marketing their products to attract new customers or to regain former ones.

INTRODUCTION

What do they need? What do they want? This paper will answer these two questions as
they apply to those wanting to supply jojoba oil and other raw materials to the cosmetic
industry.

Historically as an economy, the United States has been production oriented, which means
that we would produce or manufacture the product to be able to sell it. "We 'll make it-
you sell it" reflects this thinking. About 25 years ago, a new marketing concept
developed that begins with the needs of the marketplace and works back. It has been so
successful that generally today, we now market to justify production.

I think it would be fair to say that before 1981 the developing jojoba industry was more
concerned with trying to produce reasonable quantities of seed and oil- rather than
marketing it. This was appropriate because, almost from the beginnng, demand was
greater than supply capabilities. So why worry about marketing? In the
cosmetic /personal care industry, 1981 may prove to be the year that tipped the scales in
the balance between production and marketing for the jojoba industry. Why? Well let's
review the jojoba market from the viewpoint of the customer and see if it provides some
evidence of change.

BUYING SEQUENCE

The buying sequence (awareness, understanding, acceptance, preference, insistence,
purchase, satisfaction, repeat purchase) represents the various phases that any of us
(individually or collectively) go through in making a purchasing decision. Let's relate this
process to the cosmetic manufacturer /jojoba supplier relationship. Awareness is the
necessary first step of the purchasing decision. The jojoba industry did a good job in
bringing their product to the attention of the cosmetic industry. After the industry
became aware, the sequence continued, which meant that the cosmetic marketer
understood and accepted the potential consumer appeal of jojoba. They thereby
developed a preference, even an insistence, in wanting to use this attractive ingredient
in their products. This, of course, then led to purchases of jojoba oil. All of the
foregoing developed over several years and may have culminated in the personal care
industry last year. The questions now are: were the customers satisfied? and will they
repeat the purchase?

One possible clue to some answers, is a question: how did the jojoba industry perform for
the customer to date? As far as the cosmetic /personal care industry is concerned, it
appears that the verdict would be termed "less than satisfactory." Lack of supply, sky-
rocketing prices, poor quality control, unreliable suppliers, all contributed to low scores
for the industry.

The predictable results from such conditions are very evident today. Demand has fallen,
prices are decreasing, availability is good and many customers or prospects have
developed a distrust of the jojoba market. High prices motivated the cosmetic customer
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Table 1. U.S. manufacturers' sales of cosmetics and toiletries, 1980 -1981.

Sales (millions of dollars)
Product Group 1980 1981 Percent Growth

Skin Care 1,684.0 1,944.3 15.5
Hair Care 1,803.0 2,052.3 13.8
Fragrances 1,579.0 1,775.0 12.4
Nail Care 252.0 282.6 12.1
Makeup 1,264.0 1,412.0 11.7
Oral Care 1,143.0 1,257.7 10.0
Other Products 1.695.0 1.936.5 14.3

Total 9,420.0 10,660.4 13.2

Source: C.H. Kline and Company

to reduce the level of jojoba oil in their product formulas. Others eliminated the oil
entirely and repositioned their products in the marketplace- another reason for lower
volume requirements in 1982. Maybe even more important is the reduction of long -term
demand brought about by current and potential customers being scared off by the jojoba
industry's history and performance to date. Many simply stopped marketing plans,
terminated product concepts or have abandoned jojoba, for the time being at least. To
be sure, lack of available oil and seed in 1981 because of the poor seed harvest was the
essence of the problem. But, it was compounded by supplier attitudes that looked at only
the shortsighted immediate benefit, instead of the long -term pay off. For sure, my
remarks do not apply to everyone involved in the jojoba industry, but it is an observation
many have confirmed to me personally.

It may be reasonable then to say that the jojoba industry in its first real interface with
the personal care industry met with some success, but did not score a victory. Because
of the foregoing, the jojoba industry is now in a position requiring a shift in emphasis
from production to marketing to bring the customer back or to find new ones.

So in a very short period of time, the jojoba industry experienced a radical change in the
marketplace, similar to that which took our U.S. economy almost 75 years to experience.
If this assessment is accurate, you will now have to be more concerned with marketing
jojoba products, not just the production. That leads me to the main subject of this
presentation which is the marketing of jojoba to the personal care industry.

MARKETING

Marketing involves many activities including sales, advertising, transportation, storage,
credit, packaging, product quality and performance, service, etc. In fact, it really
includes everything that contributes to the goal of making a profit, except production.
Marketing is defined as the analysis, planning, and control of market forces that affect
potential customers. It includes knowing who the potential customers are, what they
need, what they want, and knowing and anticipating competitive activity. To sell a
product or service, we have to identify the market, determine its needs and then fulfill
those requirements. If you are successful, you're probably going to have competition so
you better know and anticipate their activity. A good example of this point is how
surprised many jojoba people were when a synthetic jojoba oil was introduced by two
chemical companies last year. To me it was a predictable event in light of market
conditions at the time.

According to C.H. Kline and Company, the cosmetic and toiletries markets amounted to
more than $10 billion in 1981 (Table 1). If the jojoba industry wants to participate in this
dynamic market on a long -term viable basis, then I suggest you make every effort to
meet the following requirements that the cosmetic industry needs and wants.
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Product Integrity

The first and maybe foremost need is to have product integrity. For jojoba, this means
simply, a clean product -no haze, contaminants, dirt, sand, etc. It also means a
consistent quality that has uniform color (not necessarily colorless), and low odor. It
should not have to be mentioned, but obviously 100 percent pure jojoba oil should be
shipped when sold as such. Product integrity reduces or eliminates cosmetic chemists'
concern over being surprised by what comes out of production because of inconsistent
raw materials causing fragrance or color interference, contamination, stability problems,
etc.

Product Availability

An obvious requirement is that jojoba products should be readily available on a long -term
basis with enough quantity to insure a good merchant market. No one wants to build a
business with sources of supply that are unpredictable; OPEC and the world oil market
demonstrate this point.

Reasonable delivery time for chemicals could be anything less than 2 to 3 weeks.
Generally speaking, the cosmetic industry is able to adapt to various lead times if they
are aware and reminded of this need. Just as important as lead times, though, may be
on -time performance. Buyers want to be confident that you deliver when you say you
will.

All of these availability factors contribute to an orderly market -a market opposite to
1981's jojoba market. Orderly markets allow customers to plan purchases, to schedule
better, to control inventories, and to accommodate a host of other important concerns
that we, as responsible suppliers, want to help them achieve.

Product Support

Supporting the product in the marketplace is paramount. Establishing specifications for
jojoba products, then shipping against those specifications with a certificate of analysis
manifesting compliance is a fundamental supplier support function for the customer.
Anyone not willing to follow this procedure if requested is simply ignoring a basic
customer need.

The next two product support functions, application information and performance
documentation are very familiar and important to the experienced personal care industry
suppliers. This will become even more important to the jojoba supplier as the need
develops to justify the use of jojoba products to the cosmetic manufacturer. Notice that
I said justify because a broad demand for jojoba oil is not automatic and does not now
exist. How is jojoba oil used? What levels are optimum? What is its function? How do
its properties compare to other cosmetic ingredients? If it lubricates the skin, then
document it; if it conditions the hair, demonstrate it -and so on. This and more, is the
type of application and performance information that is needed to sell jojoba.

Naturally, these types of studies for product and claim substantiation involve research
time and dollars. They also reflect a serious approach on the part of a supplier to fulfill
one of the needs of the cosmetic chemist, and greatly assist the successful marketing
effort to the industry, especially if it is a new effort.

In the fast -paced, ever -changing cosmetic world "what's new ?" is a common question
directed towards suppliers. It reflects a desire to know about new products and a
willingness to evaluate them if they offer promise and are supported by a supplier that is
technically respected, has a history of being active in new product development, and
does its homework properly. Active new product development ensures the future of any
business. For jojoba, there are many exciting derivatives and variations that would
interest the cosmetic industry, not to mention many other potential markets.

A united, responsible supplier industry is always a desirable characteristic for customers
because it assists the development and maintenance of many of the points I have
mentioned. In addition, it enables the establishment of broader goals that are beneficial
to all concerned and that generally cannot be handled by any one industry participant.
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Things like product standards, ethics, government regulations, safety and toxicity, trade
and public relations are a few of the many beneficial concerns of a responsible industry.

Commitment and Service

There are two additional characteristics of a successful cosmetic industry supplier that
have not been mentioned, but run through as a common thread in virtually all that I have
said. They are commitment and service.

The cosmetic chemist and purchasing agent want to do business with suppliers who have
a strong commitment to their unique customer concerns and to the industry. To do this
requires a willingness and a capability to serve the customer for mutual benefit. For
brevity I will leave this subject for your own reflection rather than expand on it in detail.
But, suffice it to say that you should jump in with both feet rather than dabble on the
edge. Product support then involves several factors that receive minor attention or do
not exist yet in the emerging jojoba industry. They must develop eventually if the goal
of being a viable, significant supplier to the personal care indsutry is to be achieved.

Product Pricing

Price is the measurement of the eagerness of a buyer and seller to exchange goods. How
much I desire to obtain or sell a commodity will determine what I am willing to pay for
it. Some sellers of jojoba carried this concept to extremes in 1981 by asking for prices
that were well beyond what the customer was willing to pay and were totally unrelated
to cost. This set the stage for the price declines in 1982.

Quality customers want suppliers to be profitable because that enables them to provide
more service, quality, and better value. The personal care industry is a quality customer
that wants pricing that is fair, represents good value and is stable or reasonably
predictable. What determines these characteristics is a judgment by the purchaser of
product integrity, availability, support and price.

Is the product worth what is being asked for it? If not, the buyer's insistence, as
mentioned before, to buy that product will weaken and market prices will fall. So price
then is important for the cosmetic buyer, but it is not the single most important factor.
It is considered with all the other ingredients that influence a buying decision.

CONCLIISION

This then, is a brief description of the marketing considerations for those wishing to
supply the cosmetic /personal care industry. It is a large market that offers much
potential to those who are willing to supply the answers to those two basic customer
questions: What do they need, and what do they want?
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PLANTA PILOTO CONAZA

Romulo Gonzalez M.
Comisión Nacional de las Zonas Arides

Mexicali, Baja California, Mexico

ABSTRACT

La Comisión Nacional de las Zonas Aridas ( CONAZA) instituted its jojoba program in
1974. Since 1976 CONAZA has investigated oil extraction at its pilot plant in Baja
California. Oil is processed from seed manually harvested from native stands in the
region. A method for solvent extraction recovers 8 percent to 15 percent of residual oil
in cold- pressed seed meal.

RESIIMEN

La Comisión Nacional de las Zonas Andas ( CONAZA) organizmo público descentralizado
inició su programa de jojoba en 1974. La finalidad es crear fuentes de trabajo y
promover el desarrollo de las zonas aridas del país, en este caso aprovechando los
recursos naturales que existen.

En Baja California CONAZA ha venido investigando desde 1976 la extracción de la cera
líquida de jojoba y a la fecha se tiene instalado el equipo convencional considerado
"piloto" para determinar en pequeña escala el proceso óptimo de extracción.

La semilla que se procesa es recolectada manualmente de poblaciones naturales y a la
fecha de recolección por región; la forma y tratamiento de secado y el grado de limpieza
que se logre de la semilla son de gran importancia en la calidad del aceite que se va a
obtener.

El proceso que se sigue en la actualidad es el de limpia de la semilla; molienda,
extracción mecánica y filtrado del producto obtenido del prensado en frío. Existe una
relación directa entre el porcentaje que se quiera recuperar de aceite con las prensas
mecánicas con la calidad de los productos que se van a obtener; complementa la
operación el extractor piloto por solventes para recuperar dei 8 a 15 por ciento de cera
residual de la pasta que viene de las prensas mecánicas.

El objetivo primordial de esta infraestructura obedece a la necesidad de contar con el
equipo necesario que permita procesar la producción de ejidos, pequeños propietarios y
grupos organizados bajo el régimen de maquila para darle el valor agregado a la semilla y
poder cumplir con la oferta de un producto de alta calidad uniforme.

263



JOJOBA PRODUCT USES

265



JOJOBA MEAL AS A LIVESTOCK FEED

Anthony J. Verbiscar

and

Thomas F. Banigan

Anver Bioscience Design Inc., Sierra Madre, California

ABSTRACT

An economical process has been developed to detoxify jojoba seed meal for use as a
livestock feed. Treatment of jojoba meal with Lactobacillus acidophilus, an edible
bacterium, lowers simmondsin and related cyano toxicant levels by 95 percent in 3
weeks. This treatment improves the palatability of deoiled jojoba meal and results in a
nontoxic protein supplement feed additive. Poultry and ruminant animals will eat diets
containing 5 to 10 percent Lactobacillus- detoxified jojoba meal with no ill effects.
However, growth rate is not as high as with common feed additives like cottonseed meal.
Microorganisms in the rumen of sheep and cattle apparently complete the detoxification
of residual simmondsin in jojoba meal. Detoxified jojoba meal can be prepared by an
ensilage process and can be used in livestock feeds, perhaps as a maintenance diet for
dairy cows.

INTRODUCTION

Jojoba meal is the material remaining after jojoba seeds containing some hulls are
deoiled to levels below 2 percent jojoba oil. Jojoba seeds contain simmondsin, a
cyanomethylenecyclohexyl glucoside, and three structurally related cyano glucosides
including simmondsin 2'- ferulate, 5- desmethylsimmondsin and 4,5-
didesmethylsimmondsin as shown in Figure 1 (1, 2, 3, 4). In a batch of jojoba meal used
in our experiments these four compounds were present at a total level of 11.6 percent.
Simmondsin and jojoba seed meal containing the cyano compounds are toxic to laboratory
rodents (5, 6, 7), but are far less toxic to ruminants (4, 8, 9). We have previously
reported solvent extraction and a chemical method to detoxify jojoba seed meal for use
as a livestock feed ingredient (8, 10, 11). A microbial detoxification method and feeding
studies of the treated meal with poultry, sheep and cattle are summarized in this report.

Our rationale for investigating microorganisms to detoxify jojoba seed meal was based on
several factors. It seemed reasonable to expect that the jojoba glucosides could act as
nutrients to support the growth of some microorganisms that utilize glucose for
metabolism. That is, a microorganism could use the glucose moiety of the toxicants as a
source of carbon and energy, and perhaps the aglycone also, once metabolism of the
whole molecule started. We did not want the microorganism to merely cleave glucose
from simmondsin, which would provide a more toxic cyano (nitrile) containing aglycone
(12), or which would rearrange to a toxic phenylacetonitrile (1). Microbial modification
of the cyano group was also necessary. Nitrilase enzymes that hydrate cyano groups to
amides have been found in a number of fungi and bacteria (13).

It is apparent that food grade microorganisms would be most desirable for animal
feeding, although not necessarily for cyano group modification. Accordingly we screened
15 edible microorganisms for their ability to grow on jojoba meal and to modify the
toxicants. These included one Saccaromyces cerevisiae or baker's yeast, five strains of
Lactobacillus bulgaricus used to make yogurt, and nine strains of Lactobacillus
acidophilus, the bacterium in sweet acidophilus milk. Advantages in using the
Lactobacilli are that these microorganisms are notably nontoxic themselves, and can be
the basis for an ensilage process. The lactic acid bacteria can be adapted to use in a
silo, and such a process can be used by small jojoba processors or dairies. However,
there were no prior examples demonstrating nitrilase activity in Lactobacilli.
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Our experiments on screening these microorganisms and feeding the experimental jojoba
meals to mice, poultry, lambs and cattle have been published (9). A summary of some of
these results with L. acidophilus 629 and additional data on sheep and cattle preference
and performance trials are reported here. The method has commercial potential.

DEOLLED STARTING MEAL

Performance and digestibility studies for cattle, sheep and poultry required the
preparation of 5,940 pounds of deoiled detoxified jojoba meal. An oily pressed meal was
supplied by the San Carlos Apache Tribe. The meal resulted from pressing jojoba seeds
containing some hulls in a Hander expeller at San Carlos, Arizona, as described
elsewhere (14). Further deoiling of the pressed jojoba meal was carried out at the
Angola Soya Company, Angola, Indiana. At Angola 12,000 pounds of pressed meal was
hexane -extracted in a Blaw -Knox Rotocell extractor yielding about 1,550 pounds of
jojoba oil and 10,350 pounds of dry jojoba meal. This meal was desolventized in steam
jacketed drying units at 90 C to 120 C for about 45 minutes. This starting material meal
contained 1.3 percent residual oil. An HPLC scan of an extract of this meal J108
Apache -Angola 379 clearly shows the four cyano toxicants (Figure 2).

DETOXIFICATION PROCESS WITH LACTOBACILLUS ACIDOPHILUS 629

The developmental status of the microbial treatment process made it necessary to carry
out this scaled -up task internally. This was done by treating 100 -kilogram batches of
meal with 40 liters of ammoniated Lactobacillus acidophilus 629 inoculum sprayed into
100 -gallon cylindrical polyethylene tanks with clamp -on covers. After standing for 16 to
26 days, 21 days most often, at ambient temperatures of around 26 C the granular meal
was ground in an Alpine model M25 hammer mill with a 4- millimeter round hole screen.
The meal was then dried for 20 hours in stainless steel trays in a forced air oven at 75 C
to a moisture level of approximately 6 percent. The detailed procedure used is described
in Verbiscar et al (9). Results of these pilot scale batches are summarized in Table 1.

The meals J176 -2 and J176 -3 used in cattle acceptability trials were early scaled -up
batches not efficiently treated, as evidenced by the relatively high toxicant levels.
Metabolism and performance trials with sheep were carried out with more thoroughly
treated meals J176 -5 to J176 -11. At batch J176 -9 the initial mixing of the meal and
inoculum was improved and this led to a substantially increased rate of detoxification.
The best meals went to poultry feeding, J176 -15, and metabolism and performance
studies with cattle, J176 -16 to J176 -28. The meal used for the unplanned rabbit studies
was a relatively poorly detoxified leftover batch.

The levels of Toxicants I, III and IV all drop at about equal rates whereas Toxicant II, the
2'- ferulate ester of simmondsin, disappears more slowly. Toxicant III occurs close to the
simmondsin peak and was difficult to quantitate at low levels of toxicants using a single
HPLC column. Better resolution was obtained later with dual columns as in Figure 2.
Levels of Toxicant III in treated meals can be expected to be approximately the same as
those of Toxicant IV. Longer treatment times can be expected to lower toxicant levels
even further as in J176 -28, but this does not seem necessary especially for ruminant
feeding. Microorganisms in the rumen of these animals complete the detoxifications. It
is unlikely that the cyano toxicants contributed to unpalatability of jojoba meal for
animals, but their reduced levels in meals parallel an increase in palatability shown in
sheep and cattle preference studies.

This process may be carried out commercially in a silo. It is especially suited to a dairy
operation where the Lactobacilli originate. A dairy also will have by- products like skim
milk or whey available for the inoculant. The dairies would obtain the solvent- deoiled
meal from the jojoba oil processing plant, treat it with a Lactobacillus grown in a dairy
by- product, and feed the undried ensilage in rations to cows as a maintenance diet. The
moist meals could be used without drying, which would reduce the cost of the process.
Oven drying the Lactobacilli- treated meals was necessary for protection against
microbial infection until used in the experimental animal rations. The prolonged drying
of these preparations may have caused some loss of nutritive value by a Maillard
browning or other chemical reaction.
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I I

Sample: J108 Apache -Angola 379

Precolumn: Porasil A 3.2 x 40 mm
Column: Lichrosorb Si60, 5u,

2 columns 3.2 x 250 mm each

Solvent: Acetonitrile:water (92.5:7.5)

Flow rate: 1.0 ml/min

Chart speed: 0.5 cm /min

Detector: 220 nm, 2 AUF

Pressure: 1,500 psi

Retention times:
I Simmondsin 11.4 min
11 Simmondsin 2'ferulate 8.2 min
HI 5- Desmethylsimmondsin 13.4 min
IV 4,5-Didesmethylsimmondsin 17.0 min

0 4 8 12

Minutes

Figure 2. HPLC scan of deoiled jojoba seed meal.
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Table 1. Detoxification of deoiled jojoba meal with L. acidophiles 629.

Batch
Residual Toxicants (%)a Animal

Feeding
I II IV Total

J176 -lb 0.97 0.42 0.21 1.6 -
J176-2 0.55 0.35 0.14 1.04 cattle

J176 -3 0.44 0.34 0.10 0.88 cattle

J176 -4 0.50 0.80 0.17 1.47 rabbits

J176 -5 0.33 0.29 0.10 0.72 sheep

J176 -6 0.25 0.29 0.09 0.63 sheep

J176 -7 0.52 0.31 0.14 0.97 sheep

J176 -8 0.19 0.25 0.06 0.50 sheep

J176 -9c 0.12 0.30 0.05 0.47 sheep

J176 -10 0.11 0.28 0.04 0.45 sheep

J176 -11 0.10 0.28 0.05 0.43 sheep

J176 -12 0.12 0.21 0.04 0.37 cattle

J176 -13 0.11 0.26 0.04 0.41 cattle

J176 -14 0.08 0.22 0.04 0.34 cattle

J176 -15 0.07 0.27 0.03 0.38 poultry

J176 -16 0.08 0.17 0.03 0.28 cattle

J176 -17 0.11 0.24 0.04 0.39 cattle

J176 -18 0.07 0.25 0.02 0.34 cattle

J176 -19 0.07 0.21 0.03 0.31 cattle

J176 -20 0.12 0.22 0.04 0.38 cattle

J176 -21 0.14 0.19 0.05 0.38 cattle

J176 -22 0.26 0.26 0.07 0.59 cattle

J176 -23 0.27 0.21 0.11 0.59 cattle

J176 -24 0.11 0.19 0.04 0.34 cattle

J176 -25 0.08 0.17 0.03 0.28 cattle

J176 -26 0.09 0.17 0.03 0.29 cattle

J176 -27 0.10 0.17 0.03 0.30 cattle

J176 -28 0.06 0.10 0.02 0.18 cattle

aToxicant assay of untreated meal: I) 6.3 percent; II) 2.4 percent; III) 1.1 percent; IV) 1.8
percent

bRetreated as batch J176 -28 for a total of 34 days
clnitial mixing of meal and inoculum was improved
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Table 2. Analyses of scaled -up batches of L. acidophilus 629 -treated jojoba meal.

Component J108a J176-3b J176-15c
(%) (%) (%)

Crude Protein (N x 6.25) 25.6 26.5 28.5

Crude Fat (ether extract) 1.3 0.8 1.2

Crude Fiber 8.5 7.9 8.2

Ash (mineral matter) 3.6 3.7 3.8
Moisture 4.8 6.1 6.0

Simmondsin (I) 6.3 0.44 0.07

Simmondsin 2'- Ferulate (II) 2.4 0.34 0.27

4,5- Didesmethylsimmondsin(IV) 1.8 0.10 0.03

5- Desmethylsimmondsin (III) 1.1

aApache- Angola 379 deoiled starting material

bPartially detoxified

eMore complete detoxification by improved process

A proximate and toxicant analysis of several batches of the treated jojoba meals is
shown in Table 2. The increase in crude protein from 25.6 percent in J108 starting
material to 28.5 percent in J176 -15 detoxified meal is due principally to microbial
metabolism resulting in a weight loss. Carbon dioxide expiration from the Lactobacilli
growing on the meal has the effect of an apparent increase in nitrogen. Total nitrogen
should remain about the same as in starting material, although protein nitrogen may have
increased slightly at the expense of non -protein nitrogen. Crude fat, fiber, ash and
moisture in the treated meals are about the same as starting material. However,
toxicant levels have been reduced drastically due to microbial metabolism.

POULTRY FEEDING STUDIES

Non-detoxified jojoba meal at a 10 percent additive level caused 55.6 percent mortality
in chicks, so L. acidophilus treatment substantially reduced toxicity (8). Extraction of
jojoba meal with boiling water decreased toxicity but resulted in significant decreases in
chick growth for both the 5 percent and 10 percent feeding levels (8). Table 3 shows the
effects of L. acidophilus- detoxified jojoba meal on the 4 -week performance of broiler
chicks (15). The 5 percent feeding level resulted in a growth rate that was statistically
identical to that obtained with unsupplemented basal diets. However, at a 10 percent
additive level the material produced a statistically significant decrease in growth rate.

The amino acid composition of the J176 -15 jojoba meal is shown in Table 4. Lysine
availability was only 33.7 percent, while the remaining amino acid availabilities were
also fairly low, with methionine 43.4 percent. Essential amino acid indexes and chemical
scores were calculated using the chick amino acid requirements as a reference standard.
Lysine was found to be the first limiting amino acid, with a chemical score of 48.5
percent. The essential amino acid index was 92.9 percent. This evaluation shows a fairly
good amino acid balance for the remaining essential amino acids required by the growing
chick. For laying hens, lysine was the first limiting amino acid and leucine was second
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Table 3. Effect of jojoba meal J176 -15 on the performance of 4- week -old broiler chicks
(15).

Dietary Average Feed Grams Feed/
Treatment Weight (grams)* Consumed (grams)* Grams Gain*

Basal Diet 674.5a 1,077.5a 1.69a

5 percent J- 176 -15 612.7ab 1,060.5ab 1.84b

10 percent J- 176 -15 569.3b 1,035.7b 1.94e

* Means not having common letter superscript are significantly different at the 0.05 level
of probability

Table 4. Jojoba meal (J176 -15) -amino acid composition and availability to hens (15).

Amino
Acid

Percent of
Sample

Grams /16 Grams N Percent Amino Acid
Availability

LYS 0.66 2.43 33.69

HIS 0.48 1.60 65.18
AMM 0.31 1.16 -
ARG 1.60 9.87 72.34
ASP 2.19 8.21 60.95
THR 1.19 4.46 59.43
SER 1.06 3.96 52.90
GLU 2.64 8.89 58.57
PRO 1.00 3.24 -
GLY 1.81 6.78 -
ALA 0.91 3.40 59.89

CYS 0.85 3.17 65.51
VAL 1.38 5.16 63.07
MET 0.26 0.97 43.33
ISO 0.94 3.53 60.17
LEU 1.68 6.09 60.52
TYR 0.91 3.40 66.24
PHE 1.05 3.93 67.06

Totals 20.80 77.90

Note: Determined percent protein (N X 6.24) = 26.70 percent
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(15). True metabolizable energy content was estimated as 1.705 kilocalorie per gram of
detoxified jojoba meal on an air dry basis.

SHEEP FEEDING STUDIES

The effect of L. acidophilus- detoxified jojoba meal on the growth of lambs is shown in
Table 5 (16). Forty -eight lambs, four to a pen, were used in this trial: Half of these
received a 16 percent jojoba meal diet (26 percent crude protein) and half received a 9
percent cottonseed meal diet (41 percent crude protein) for 72 days. The pelleted
rations also contained oat hay, corn, molasses and other ingredients as noted.
Approximately 40 percent of the total ration protein was supplied by the jojoba meal.

Data on weight increase and feed consumption were taken regularly and collected for the
first and second 36 days. For the first 36 days, performance of the jojoba -meal-
supplemented lambs was 28.8 percent below the controls in average daily weight gain.
This lowered gain on the jojoba -fed lambs appeared largely due to a 15.6 percent lower
average feed consumption during the first 36 days. There was improved jojoba meal
ration consumption in the second 36 days of the trial. Overall, there was an 11.6 percent
lower feed consumption and 30.6 percent lowered weight gain with the jojoba -meal-
supplemented lambs compared to the cottonseed -meal- supplemented lambs. Feed
conversion, that is, feed consumed per weight gain, was also poorer for jojoba meal.

It appears that there is still somewhat of a palatability or acceptance problem when the
L. acidophilus- detoxified jojoba meal is incorporated at high levels of 16 percent into
growing finishing lambs being fed ad libitum. However, previous studies demonstrated
that up to 10 percent of the processed meal was readily accepted in a 5 percent
molasses -supplemented ration (9). Non -detoxified jojoba meal is poorly accepted by
lambs even at a 10 percent additive level (10, 17).

For restricted -fed lambs, L. acidophilus- detoxified jojoba meal should be a satisfactory
protein supplement. Further testing is needed to determine the maximum level of jojoba
meal that can be included in a feeder lamb diet when attempting to maximize feed
consumption and efficiency of feed utilization.

RAM FEEDING OF NON - DETOXIFIED JOJOBA MEAL

Fifteen male sheep 9 to 11 months old were assigned to three treatment groups by
weight and breed and were fed deoiled but non -detoxified jojoba meal (18). Each group
received a different diet including: 1) no jojoba meal in a basal ration of cottonseed
meal, oat hay and barley; 2) 15 percent jojoba meal in a basal ration; and 3) 30 percent
jojoba meal in a basal ration. The jojoba meal was substituted for cottonseed meal on a
weight basis. The diets were fed to the rams for 15 weeks with results as shown in
Figure 3.

Initially there was a decreased feed consumption by rams having jojoba meal in their
diets. The control group consumed an average of 6.06 pounds per day during the first 2
weeks while the 15 percent and 30 percent jojoba meal groups consumed 4.19 pounds and
3.34 pounds per head respectively. However, after the initial 2 to 4 weeks of the trial,
the rams seemed to consume about the same amount of feed and gained weight in similar
amounts on all treatment diets. After 15 weeks the average daily weight gain was 0.52
pounds for the rams fed the basal diet, followed closely at 0.50 pounds by those fed the
15 percent diet. Those fed 30 percent jojoba meal gained much less, only 0.38 pounds per
day average.

Semen was collected weekly and evaluated on the basis of volume, concentration and
percent progressively motile spermatozoa. Also, two rams of each treatment group were
sacrificed at the conclusion of the study. Tissues from the testicles, kidney, intestine
and liver were collected, and examined by a veterinary pathologist. There appeared to
be no differences in semen characteristics or tissues that would be attributed to the
levels of jojoba meal in the diet. This confirmed earlier histological examination of
sheep on 30 percent non -detoxified jojoba meal diets indicating that there were no
pathologic effects on tissues including spleen, brain, liver, lymph node, lung, intestine,
muscle, bone and marrow (10).
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Table 5. Effect of jojoba meal J176 -5 to 11 blended batches on the performance of
wether feeder lambs (16).

Item Jojoba Meal Cottonseed Meal

Ration Composition ( %)

Additive Meal 16.0 9.0

Oat Hay 49.8 54.8

Corn, Rolled 28.0 30.0

Molasses 5.0 5.0

Limestone 0.7 0.7

Salt, T. M. 0.5 0.5

Vitamins, A, D and E + +

Feeding Period (weeks) 6 6

Number of Lambs 24 24

Average Weight (pounds)

Initial 68.5 69.4

Final 87.9 97.4

Average Daily Feed Intake (pounds) 2.737 3.097

Average Daily Gain (pounds) 0.270 0.389

Feed Consumed /Weight Gain 11.70 8.75
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Figure 3. Non -detoxified jojoba meal in ram diets (18).
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These experiments confirm that simmondsin and the related cyano compounds in jojoba
meal have a low toxicity in sheep. This is probably due to metabolism of the toxicants
by rumen microorganisms. Palatability of the treated and non -detoxified meal is the
principal problem for sheep feeding on jojoba meal diets. Nutritional value of the jojoba
meals is also not as high as cottonseed meal, which leads to poorer feed conversion. A
study using lambs indicated that protein digestibility of L. acidophilus- detoxified jojoba
meal at 20 percent additive levels was statistically significantly lower than cottonseed
meal (19). These two additive rations were very similar with respect to digestible energy
values. However, in one of several trials there was a small but significantly lower
digestible energy value for the jojoba meal diet. Also, apparent biological value, or
utilization of absorbed nitrogen, and nitrogen retention were lower for jojoba meal diets
but significantly lower only with the higher level of daily feeding the jojoba meal rations.

CATTLE FEEDING STUDIES

Jojoba meal was evaluated as a source of supplemental protein for beef cattle by Swingle
et al (20, 21). Acceptability, preference, metabolism and performance trials were
carried out. Non - detoxified and L. acidophilus- treated jojoba meals at 10 percent
additive levels were compared with cottonseed meal. The rations were all pelleted and
contained 5 or 6 percent molasses.

For the preference study, 12 crossbred steers were divided into three treatment groups.
Each group was assigned a choice of diets including: 1) untreated jojoba meal or
cottonseed meal; 2) partially detoxified jojoba meal or cottonseed meal; and 3) non-
detoxified jojoba meal or partially detoxified jojoba meal. In the group given a choice of
diets containing untreated jojoba meal or cottonseed meal, 83 percent of the total daily
intake was from the cottonseed meal diet. There was no diet preference observed when
the choice was between two partially detoxified batches, of L. acidophilus- treated jojoba
meal J176 -2 +3 and cottonseed meal. In the third group, the steers showed a slight (56
percent) preference for the partially detoxified jojoba meal vs. the deoiled but otherwise
untreated jojoba meal. However, steers that had only treated or untreated jojoba meal
diets available consumed significantly less feed per day (9 vs. 13 pounds) than did those
for which the cottonseed meal was available. The next experimental trial indicated that
more complete detoxification by Lactobacilli increased the feed intake over this
partially detoxified meal.

Data for the performance trial for steers are in Table 6 (20, 21). In this trial seven
penned steers were fed detoxified jojoba meal J176 -11 to J176 -28 ad libitum for 14
weeks. Results are compared with cottonseed meal as the additive. Feed intake was
satisfactory and comparable to cottonseed meal. However, average daily gains were 10
percent lower for the jojoba meal group and 12 percent more feed was required per
pound of gain. Because of the lower rate of weight gain, the steers fed jojoba meal
required a longer time than control steers to reach the target final weight. In a second
performance trial, six individually penned steers were fed the J176 jojoba meals. The
weight gain for steers on the jojoba meal diet was 18 percent slower and 14 percent less
efficient than for steers fed cottonseed meal. Results of digestion and nitrogen balance
studies indicated that the lower performance of steers fed the treated jojoba meal is
probably due to decreased digestibility of protein and energy in this diet.

Four steers fed a diet containing 10 percent deoiled, non -detoxified jojoba meal for more
than 60 days showed no detrimental effects other than those that could be attributed to
depressed feed intake. When the jojoba meal diet was stopped, feeding improved and
animal conditions improved accordingly. This depressing effect on feed intake is a
primary problem for untreated jojoba meal. The detrimental effect on intake diminishes
with time, but it is not practical in feeding situations. Treatment of the deoiled meal
with L. acidophilus alleviates the palatability problem; however, steers fed a diet
containing 10 percent of this treated meal do not perform as well as those fed a control
diet containing cottonseed meal. These results correlate well with the current and prior
sheep studies that we have reported.

Jojoba meal detoxified with Lactobacilli now seems to be practical for use in livestock
feeds.

277



Table 6. Effect of jojoba meal J176 -12 to 28 batches on the performance of group -fed
steers (20).

Item Jojoba Meal Cottonseed Meal

Ration Composition ( %)

Additive Meal 10.0 5.0

Sorghum Grain 61.2 66.2
Cottonseed Hulls 10.0 10.0

Alfalfa Hay 10.0 10.0

Molasses 5.0 5.0
Animal Fat 3.0 3.0

Dicalcium Phosphate 0.55 0.55

Salt 0.25 0.25

Vitamin A + +

Feeding Period (weeks) 14 14

Number of Steers 7 7

Average Weight (pounds)

Initial 850 848

Final 1,085 1,109

Average Daily Feed Intake (pounds) 21.89 21.65

Average Daily Gain (pounds) 2.40 2.66

Feed Consumed /Weight Gain 9.13 8.13
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THE USE OF JOJOBA OIL IN COSMETICS IN JAPAN

Mitsuo Katoh

and
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Koei Perfumery Company, Tokyo, Japan

ABSTRACT

The cost of jojoba oil in 1981 -1982 greatly damaged interest in and use of jojoba oil by
Japanese cosmetic makers. Prices of $200 per gallon of oil and an unstable supply have
contributed to an unfavorable image of the industry. A price of $50 per gallon and a
more reliable supply would be more desirable. Substitutes for jojoba oil, synthetic
formulations and orange roughy (a deep -sea fish) oil, have been eagerly investigated by
Japanese cosmetic chemists.

INTRODUCTION

Jojoba has received much attention from the Japanese cosmetic field since our Taguchi
and others presented papers on its safety and usefulness (1, 2, 3, 4). Many cosmetic
chemists pay attention to the following factors of jojoba: 1) the material must be new or
eye- catching; 2) the finished products using such material must be appealing to the
human senses; and 3) the material must be safe to use on the human body. We have made
every endeavor to supply jojoba oil that is safe, stable in quality and compatible with
other cosmetic ingredients. At first, it was most important for us to purchase crude oil
that was stable in quality using the specifications of the crude oil per Table 1. The oil
was carefully refined at our collaborating refineries to specifications as shown in Table
2. This refined oil is certified by an authorized agency to be nontoxic to the human skin.
Japan's Welfare Ministry also approved the oil for use as a cosmetic raw material.
Because of its stable and safe quality, many cosmetic makers were using our refined oil
without any anxiety. We supply most of the jojoba oil now consumed in Japan.

THE CURRENT SITUATION WITH COSMETIC MAKERS

Much to our regret, 1981 -1982 was frantic as far as jojoba was concerned. Owing to the
bad native harvest and an increase of consumption, the balance of supply and demand
collapsed and the price of crude oil jumped more than $200 per gallon to more than three
times the price of the previous year. Because of this, Japanese cosmetic makers, who
were the users of jojoba oil, were greatly annoyed.

The Japanese cosmetic field now faces various difficult problems. For example the
proceeds of cosmetics in Japan reached saturation and the growth ratio was less than 10
percent per year. This means nearly no increase in quantity, considering the rise of
manufacturing costs. Under the circumstances, the sudden change in price of the raw
material makes the cost of their products unstable. Some cosmetic makers deemed
jojoba a "dangerous raw material." Also, the production of Japanese cosmetics are
controlled entirely by Japan's Welfare Ministry. Cosmetic producers must obtain
approval for cosmetic formulas from the Ministry and modifications cannot be made
without approval. It takes from 3 to 6 months to obtain approvals for formula
modifications after applications are made. Accordingly, if a certain raw material
suddenly increases in price, countermeasures cannot be made promptly enough to reduce
the consumption of the price -increased material or to use a substitute.

Japanese cosmetic makers, under such circumstances, reacted to last year's jojoba panic.
One maker thought of the importance and usefulness of jojoba and kept the price quiet
believing that the sudden price increase was temporary. Meanwhile, other makers were
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Table 1. Specifications for ideal crude jojoba oil.

Odor* Normal.

Color (Gardner)* Max. 7

Acid Value* Max. 1

Peroxide Value* Max. 5

Specific Gravity (d25) 0.863 - 0.865

Refractive Index (n20) 1.466 - 1.467

Saponification Number 82 - 102

Hydroxyl Value Max. 5

Viscosity (C.P.S. 25 C) 35 - 36.5

Freezing Point (C) 10 - 12

Dry Residue Min. 99.5%

Ash Max. 0.01%

*Identification: G.L.C. Column Chromatography
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Table 2. Standard specification on refined jojoba oil.

Specific Gravity (d25) 0.859 - 0.869

Refractive Index (n20) 1.464 - 1.469

Iodine Value 77 - 87

Acid Value Max. 1

Saponification Number 82 - 102

Hydroxyl Value Max. 5

Peroxide Value Max. 1

Viscosity (C.P.S. 25 C) 32 - 42

Freezing Point (C) 8 - 13

Color (A.P.H.A.) Max. 70

Dry Residue Min. 99.8%

Ash Max. 0.01%

Arsenic Max. 2 ppm

Heavy Metal Max. 20 ppm

Identification: G.L.C., I.R., T.L.C., Column Chromatography
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forced to change their formulas because the sharply increased price of jojoba oil
seriously influenced the markup of their products. Also, at the end of last year they
promptly suspended new marketing of jojoba- containing cosmetics and have now ceased
new research on jojoba.

Actually the quantity of refined oil that we supplied during the latter part of 1981
through April 1982 was not much different compared with the same period in the
previous year. But since around May 1982, the quantities delivered dropped considerably.
This means that formulas could not be modified immediately and that cosmetic makers
were forced to use jojoba until spring 1982. However, after that they succeeded to
change formulations and to decrease the use of jojoba.

Before the price of jojoba jumped, most cosmetic chemists in Japan had researched
jojoba cosmetics with interest. To our regret, they became sensitive to the unstable
price and supply, although they recognized jojoba's good qualities. It is true that they
are becoming very cool toward jojoba. Some chemists have commented that jojoba oil
cannot be used without any anxiety until jojoba can be supplied in large and stable
quantities by plantations.

APPEARANCE OF COMPETITIVE ITEMS

Under the jojoba panic, several items substituting for jojoba have appeared. Synthetic
jojoba oil and orange roughy oil are being investigated eagerly by cosmetic chemists in
Japan.

Synthetic Jojoba OR

Synthetic jojoba oil has a wax -ester chemical structure (Figure 1). A Japanese cosmetic
chemist confirmed the structure after analyzing the oil The differences from natural
jojoba oil are an ester of one unsaturated fatty acid (i.e., docosenoic acid) and an iso-
fatty alcohol (2 -octyl dodecanol). Specifications for the oils are compared in Table 3.
The iodine value of synthetic jojoba oil is very low. Also, viscosity is approximately 20
percent higher. Accordingly, the feeling when oil is applied to the skin seems to be
heavier than natural jojoba. Because this item is synthetic, it is necessary to prepare
various data on safety to obtain an approval for cosmetic use from the Welfare Ministry.
Therefore, it would take more time to actually use this item for cosmetics in Japan.

Orange Roughy OR

Orange roughy is a deep -sea fish found near New Zealand. Until recently, orange roughy
was discarded. It has many wax -esters that cause indigestion in humans and, therefore,
was thought to be poisonous. However, in recent years, it was found that the wax -esters
were only contained in part of the head and skin and not in the meat itself.

Under the circumstances, much fish meat (about 16,000 tons) has been exported
worldwide; however, the head and skin (one -third of the whole fish) has been abandoned.
Scholars have been aware of orange roughy oil's similarity to sperm whale oil (5). Orange
roughy oil has esters of carbon number 32 to 44; its typical properties are shown in Table
4.

Orange roughy oil is quite similar to jojoba oil. Since jojoba's usefulness was recognized
by the public, the utilization of orange roughy oil also has been spotlighted. However,
orange roughy's biggest disadvantage is its fish smell; but the refining process is now
being developed by many chemists in Japan. The production output is as large as 250
tons per year and the price is only $0.50 per pound (5 percent the cost of jojoba oil).
Therefore, if odorless orange roughy oil were available, it would become a powerful
competitor of jojoba.

FUTURE TENDENCY

A great effort would be needed to stimulate "jojoba fever" in cosmetic chemists who
have now lost interest. A similar case occurred with squalane, (another cosmetic raw
material made from shark liver oil). The price of squalane suddenly jumped during a
certain period because of short supply (insufficient fish were caught) and increased
demand. (Note that the rise in price was only 50 to 60 percent, not 300 percent as with
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Table 3. Specifications for natural and synthetic jojoba oil.

Specification Natural Jojoba Oil Synthetic Jojoba Oil

Form at 25 C Clear Liquid Clear Liquid

Color Yellow Yellow

Odor Characteristic Characteristic
Fatty Note Fatty Note

Acid Value 2.0 Maximum 2.0 Maximum

Saponification Value 92 - 97 83 - 93

Iodine Value 81 - 88 37 - 45

Specific Gravity at 25 C 0.8630 0.845 - 0.865

Refractive Index at 25 C 1.4650 1.455 - 1.465

Flash Point 295 C 265 C

Fire Point 338 C 310 C

Freezing Point 7.0 - 10.6 C < - 20 C

Viscosity (Brookfield at 25 C) 37 cps 46 cps
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Table 4. Typical properties of orange roughy oil.

Specific Gravity at 20 C 0.870

Refractive Index at 20 C 1.466

Acid Value 0.08

Iodine Value 93

Saponification Value 107

Peroxide Value 6

Viscosity at 25 C 33 cps

Flash Point 285 C
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jojoba.) Cosmetic makers therefore, controlled the use of squalane. In the following
year the squalane supply was increased and the price dropped; but, the demand of
cosmetic makers, who once controlled its use, was not increased as expected by the
supplier. Instead, the squalane stock increased comparatively and dumping appeared in
the market. This situation was very unfortunate for the makers and dealers of squalane.
The drop in consumption continued for 2 or 3 years. Signs of increasing demand did not
appear until 4 years later. But, during that time, synthetic squalane, insisting stable
supply, safety and high quality, entered the market and has continued to be a rival of
natural squalane.

This situation presumably would show the future tendency of jojoba. Cosmetic chemists
consider the rise of jojoba's price and its unstable supply, as experienced in the last year,
a serious problem. Some will control the use of jojoba for cosmetics this year and next
year, as in the case of squalane. There are also cosmetic makers who are thinking that
they will begin investigating cosmetic formulations containing jojoba after they are
assured of a stable supply and price. In this case, actual demand will be delayed one
more year.

CONCLIISION

It was very unfortunate that the price of jojoba jumped during the last year. Jojoba now
has a very bad image with cosmetic makers because jojoba is the raw material that is
very changeable in price and supply is unstable. On the other hand, some jojoba suppliers
have been given the wrong impression that jojoba will be in demand even at the high
price of $200 per gallon, and that the price of $100 per gallon is too low. However, we
are of the opinion that the price of jojoba oil should be about $50 per gallon and that the
price should decrease further when plantation -grown jojoba is available in more abundant
quantities. Eventually the price should reach a level that would be competitive in
industrial applications. We presume that the price would be similar to that of spermwhale oil. Embarking on a new campaign with jojoba, we would like to make every
endeavor to expand future consumption of jojoba and to provide correct information onthe future supply.
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JOJOBA LUBRICATION IN INDUSTRY

Bob Anderson
Key Oils & Lubricants Inc.

Los Angeles, California

ABSTRACT

In 1972, Key Oils & Lubricants Inc. began manufacturing motor oils, transmission fluids
and gear oils using jojoba. Key Oils also manufactured an additive containing jojoba that
is used as a friction modifier for conventional and synthetic lubricants. A full -scale
lubricant evaluation included: 1) a Labeco L -38, oil oxidation lubricant evaluation; 2) a
1977 General Motors lubricant evaluation sequence IIID; 3) a 1978 General Motors
lubricant evaluation Sequence RD; 4) a sequence V -D evaluation; 5) a CRC L -33 moisture
corrosion test with GK -1 lubricant; and 6) a Caterpillar 1 -G2 lubricant evaluation.

INTRODUCTION

In 1972, Key Oils & Lubricants Inc. began manufacturing motor oils, transmission fluids,
and gear oils, using jojoba oil in their formulas. Key Oils also manufactured an additive
containing jojoba intended to be used as a friction modifier for conventional and
synthetic lubricants. With the jojoba industry in its infancy, and with Key Oils lacking
the financial strength to get proper lubricating oil credentials, we were unable to attain
any significant sales volume. In April 1981, with the sale of the controlling interest of
the company, new money was influxed into Key Oil and new management embarked upon
an aggressive evaluation program. We decided that before any marketing segments could
be reached, a significant research and development budget must be initiated. Key Oils
needed to know the capabilities of the lubricant formulas containing jojoba. Concept
Engineering Inc. of San Antonio, Texas, was retained to initiate and monitor a full -scale
lubricant evaluation program at Southwest Research Institute, also of San Antonio,
Texas.

EVALUATION PROGRAM

Gasoline Engine Classification

The first segment of the program focused on the SF gasoline engine classification, which
evaluates gasoline engine oils beginning with the 1980 model operating under
manufacturers' maintenance procedures. This test is comprised of four evaluations.

Labeco L-38, Oil Oxidation Lubricant Evaluation. This evaluation "is designed to
evaluate crankcase lubricating oils for resistance to oxidation stability, corrosion, sludge
and varnish when subjected to high temperature operation" (1). On a scale of 1 to 10, a
rating of 1 would indicate totally varnished or sludge- deposited parts; a rating of 10
would indicate new parts. The lowest rating Key Oil received was 9.6 on a piston skirt.
The highest rating was 10.0 on the oil screen from the test engine.

1977 General Motors Lubricant Evaluation Sequence IUD. "This method describes an
engine test procedure for evaluating certain performance characteristics of motor oils.
The test evaluates the high temperature oil thickening characteristics, sludge and
varnish deposits, as well as engine wear. The test was designed to relate particularly to
high speed turnpike operation under relatively high ambient conditions typical of the
southern and southwestern parts of the United States" (2). In passing this test, Key Oils'
ratings were well above the industry's standards.

1978 General Motors Lubricant Evaluation Sequence IID. "This test method was designed
to relate particularly to short -trip service under typical winter conditions in the upper
midwestern United States. Sequence LID is most useful in evaluating the rusting
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characteristics of motor oils subjected to the above field service" (3). Upon completion
of the test, the parts set aside for rust deposit evaluation revealed rust averages well
below the accepted criteria for passing.

Sequence V -D Evaluation. "The Sequence V -D describes an engine test procedure to
evaluate crankcase motor oil with respect to sludge and varnish deposits produced by
engine operation under a combination of low and mid -range temperatures. The
procedure also evaluates the valve train wear characteristics of oils in terms of cam lobe
wear" (4). "This test uses a 2.3 liter (140 CID) 1978 Ford engine with 2 bbl. carburetor"
(5). At the conclusion of this test, the sludge deposits rated 9.51 on a 10 -point scale (10
being new parts). The average varnish was 7.86 compared to 7.02 for the reference oil.
(The reference oil is a sample under a blind code of the highest quality lubricating oils
available from the major oil companies.) This very low varnish deposit number prompted
the test engineers to think that we might have excessive wear factors. When the cam
follower weight loss data were compared it was found that the reference oil had a weight
loss of 68.4 as compared to Key Oils' weight loss of 3.5. Cam lobe wear for the
reference oil was 0.7 as compared to Key Oils' cam lobe wear of 0.4.

Upon completion of these test evaluations, Key Oils has the credentials to legally
advertise a SF rated motor oil suitable for all of the latest model gasoline engine
vehicles and to replace the earlier rated oils. The test group manager for the
independent engineering firm supervising the tests reported, "They have taken their oils
and run them through a required series of very difficult tests. And in virtually every
case, they passed the test on the first try. That is remarkable" (5).

Diesel Engine Classification

To achieve a diesel classification for their motor oils, Key Oils started the Caterpillar 1-
G2 Lubricant Evaluation. This evaluation was conducted to determine the effect of the
lubricant on ring sticking, wear and accumulation of deposits. After the test was
completed at 480 hours, it was noted that Key Oils had a total weighted demerit figure
of 242.1 out of an allowable 300.00. It was further noted that the top ring groove filling
was a figure of 65 percent out of an allowable 80 percent. This was well under the
Caterpillar passing levels. Again, it was highly unusual for a lubricant to pass this very
demanding test the first time (7).

Gear Oil Classification

In testing gear oils to gain proper credentials, Key Oils started on the CRC L -33
Moisture Corrosion Test. The objective of this test is "to determine the rust and
corrosion inhibiting properties of a gear lubricant in hypoid differential carrier assembly
when subjected to water contamination and elevated temperatures" (6).

The test lubricant and 1 ounce of distilled water are mixed in a new unloaded hypoid
differential carrier assembly by driving the pinion gear with an electric motor at 2,500
rpm for 4 hours with the bulk oil temperature at 180 F. The sealed assembly is then
enclosed by a heated, double -walled aluminum rotation. The carrier assembly then is
disassembled and the components are rated for stains, rust and corrosion. (The cover
plate is sandblasted before the start of the test.) To pass the test there must be less
than 1 percent area rust on the cover plate and no rust on the internal gears and bearing
surfaces (functional parts) (6). Inspection of the differential cover revealed no rust, no
stain, and no corrosion or deposits. The testing engineer reported that "the carrier is
very clean" and that "this lubricant should be considered a good pass" (6).

MARKETING STRATEGY

With the test evaluations completed, Key Oils developed a marketing plan and packaging
for our J -Lube line of additives, a family of products including an engine oil additive, an
automatic transmission fluid additive, a gear oil additive and a two-cycle engine oil all
containing jojoba oil. These products offer distributors flexibility and minimal needs for
storage. The products are designed for general automotive, heavy duty trucking, and
industrial outlets.

Key Oils took the automatic transmission fluid additive and headed into the automatic
transmission service shop market. We are starting to see real success in reaching this
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industry through 25 national leaders in the transmission supply field. Since the loss of
sperm whale oil in automatic transmission fluid in the United States, automobiles have
suffered greatly from premature transmission failure. The Automatic Transmission
Rebuilders Association reports that approximately 11 million transmissions fail in the
United States each year. Industry officials claim that nine out of 10 failures are due to
excessive heat. Jojoba oil, acting the same as sperm whale oil had previously, ,minimizes
foaming that causes heat in automatic transmissions. It also lubricates better and
reduces unwanted friction. The transmission thus performs more efficiently and reduces
operating temperatures. Tests done with Key Oils' jojoba lubricants at Bi -State
Development, St. Louis Transit, revealed .a 40 degree temperature reduction in Allison
automatic transmissions in their transit buses. Further tests with Key Oils' jojoba
lubricants at San Mateo County Transit showed a 30 to 50 degree reduction in operating
temperatures in the same transmissions in their transit buses. Industry leaders say that
every 20 degrees of temperature you remove from automatic transmission fluid doubles
the fluid life. It is not wrong to assume that doubling the lubricant life will perhaps
double the life of the parts that are lubricated.

The automatic transmission industry in the United States is starting to take Key Oils'
automatic transmission fluid additive very seriously. The national distributors who
purchased rather large initial inventories have sold out and are restocking. The
automatic transmission fluid additive solves three other problems besides excessive heat:
stuck valve bodies because of poor lubrication, hung up governors, and harsh shifting.
Transmission Digest featured the additive in their September 1982 issue. Key Oils also
enjoyed front -cover status on the time -honored Chilton publication, the Commercial Car
Journal. Their July 1982 issue featured oil additives and highlighted jojoba as a lubricant
additive and Key Oils and Lubricants Inc. in a sidebar story.

New car designs have brought with them a new list of automotive problems. While new
cars are down in total weight, they have further down -sized the cubic inch displacement
of the engines. This means that the smaller engine must turn higher rpms and work
harder than previous engines. All of this creates more heat in the engine oil. It is
commonly known that too much heat destroys oil. To further complicate this situation,
we have smaller, less effective radiators so engines cannot be cooled as effectively.
With this, the aerodynamic styling of today's automobiles allows the wind to flow with
less effort over the car rather than through the radiator. While all of this is well and
good, the broad front of the older automobiles allowed ram air to flow freely through the
radiator giving additional cooling capacity. New automobiles have less effective cooling
systems, hotter running engines, and very hot operating transmissions. Key Oils' jojoba
lubricant additives will drop engine oil temperatures, thus aiding in radiator efficiency.
Key Oils' automatic transmission fluid additives will curb excessive heat in the
transmission, which is also cooled by the radiator. If we are able to lower the operating
oil temperature in the engine, thus preventing it from increasing in viscosity, we also
will minimize engine wear. In today's automobiles, a lubricant with jojoba oil would
seem to be a must.

Key Oils also manufactures industrial oils, cutting oils, and cutting oil additives. This
line of lubricants is aimed at the manufacturer of metal parts employing lathes using
machine tools, grinders, and shapers.
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