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001 Abramovich, R., Forti, M. and Hamner, S. 1985. Use of additives in rooting jojoba
cuttings. Pages 261 -269 in J. Wisniak and J. Zabicky, eds.. Jojoba: Proceedings of the
Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion
University, Beer - Sheva, Israel. 453p.

The standard treatment developed at Beer -Sheva for the vegetative propagation of jojoba
included dipping of the basal portion of the cuttings into a potassium indolebutyrate
(IBAK) solution. To increase the rooting percentage and to improve the plantlet quality,
the effect of additives to the IBAK treatment was tested. A mixture of boric acid and
naphthaleneacetic acid, vitamin C or a pretreatment with sulfuric acid favorably affected
the plant quality and the rooting percentage.

Keywords: rooting; vegetative propagation; acids

002 Alcaraz, M. L. 1982. Air layering method for vegetative propagation of jojoba
(Simmondsia chinensis). Environmental Science Research 23:435 -437.

Jojoba was examined for its potentially natural ability to grow in saline soil and in
drought water. One plant with such characteristics is jojoba which requires only 5-12
inches of rain annually.

Keywords: drought tolerance; vegetative propagation; air layering; soils

003 Alcaraz, M. L. and Ayala- Rocha, B. 1982. Asexual reproduction of jojoba by air
layering. HortScience 17(6):893.

Jojoba was air - layered using combinations of indolebutyric acid (IBA) and
naphthaleneacetic acid (NAA). The highest percentage of rooting in pistillate clones was
0.002m IBA + 0.02m NAA, and in staminate clones was 0.02m IBA + 0.02m NAA. There was
a significant difference in the percentage of rootings, but no difference in the number of
roots between staminate and pistillate clones.

Keywords: asexual reproduction; air layering; Mexico; rooting

004 Anderson, B. 1983. Jojoba lubrication in industry. Pages 289 -292 in A. Elias -
Cesnik. ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International
Conference on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies
and Division of Continuing Education, Tucson, Arizona. 295p.

In 1972, Key Oils & Lubricants Inc. began manufacturing motor oils, transmission fluids
and gear oils using jojoba. They also manufactured an additive containing jojoba that is
used as a friction modifier for conventional and synthetic lubricants.

Keywords: lubricants; oil; oil uses
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005 Anonymous. 1983. Jojoba (Simmondsia chinensis): An oil yielding desert shrub. 

Indian Sugar (April):39-40. 

Jojoba has been grown experimentally by the Central Arid Zone Research Institute and by 

Desert Afforestation in Jodhpur. The National Bureau of Plant Genetlc Resources; IARI. 
New Delhi; and the National -Botanical Institute. Lucknow. also are conducting tflals. 

Kevwords: India; germination; water use; propagation; plant introduction 

006 Aragao, G. M. and de Oliveira, J. 1985. JOJoba In BrazIl. Pages 59-70 In J. Wlsnlak 

and 1. Zabicky. eds .. Jojoba: Proceedings of the Sixth International Conference on JOJoba 
and Its Uses. October 21-26. 1984. Ben-Gurion University, Beer-Sheva. Israel. 453p. 

The Brazilian Northeast is an area of approximately one million square kilometers situated 
from 2 to 18 degrees south and between the meridians 35 to 48 to the west of Greenwich. 
This region is dominated by semiarid climate and subjected to periodical droughts. The 
resistance to dryness in its habitat. coupled with the promising feasibility of the 
commercial exploitation of the unique wax it produces prompted jojoba introduction in 
Northeast Brazil in 1977. Currently the Jojoba Program has 80 hectares of experimental 
sites located in different physiographical areas of Ceara State. The interest of private 
organizations is growing to the point that projects currently under implementation are 
expected to yield 20 thousand hectares of jojoba plants. 

Keywords: Brazil; history; plant introduction 

007 Arndt, G. J. 1987. Jojoba. Cosmetics & Toiletn<:!s 102(June):68-69. 

This article gives general background information on jojoba. including composition. 
different grades of oil available. and usage in the cosmetic market. 

Kevwords: general information; cosmetics 

008 Ayerza, R. 1983. Past. present. and future of jojoba crops in Argentina. Pages 
121-127 in A. Elias-Cesnik. ed., Jojoba and its Uses Through 1982: Proceedings of the 
Fifth International Conference on Jojoba and Its Uses. University of Arizona, Office of 
Arid Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p. 

Jojoba was first introduced into Argentina between 1976 and 1977. The first seeds 
produced in the country were collected in Chancani, Providence 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. 

Keywords: Argentina; history; plant introduction 

009 Ayerza, R. 
Aires, Argentina. 

1984. La Jojoba. Editorial Hemisferio Sur S.A. Pasteur 743. 1028 Buenos 
224p. (Spanish with English summary.) 

An overview of the properties of jojoba. its technological and economic potential in arid 
zones. 

Keywords: economic development; general information 
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010 Ayerza, R. 1985. Production indexes of jojoba (Simmondsia chinensis L.) without
irrigation in Villa Dolores. Cordoba, Argentina. Pages 7-14 in J. Wisniak and J. Zabicky,
eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and Its Uses,.
October 21 -26, 1'984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

In 1981, a study on the production of jojoba was started in the plantation at El Desafio,
located at 31° 25' South latitude and 655° 26' longitude west of Greenwich, in the
province of Cordoba, Argentina. This plantation has 100 hectares planted with jojoba
plants of different ages. Two hundred and twenty plants were identified at random before
flowering, with the object of closely observing their behavior and of initiating predictive
analysis. These bushes were implanted by direct sowing, without irrigation, with an
average annual rainfall of 350 millimeters occurring mainly in the summer months. In this
study, average weight of the seeds, their length, width, and quantity per kilogram were
analyzed. This paper also includes a study of the variables such as spacing, density in
the row, death rate, percentage of sexes, and thinning systems.

Keywords: Argentina; general information; cultivation; direct seeding; seeds

011 Ayerza, R. and Ortubia, E. 1984. Germination bajo distintas condiciones de siembra
de semillas de jojoba (Simmondsia chinensis [L.] Schneider). Pages 47 -48 in Resumenes de
los Trabajos Presentados en la VIII Reunion Nacional para el Estudio de las Regiones
Aridas y Semiaridas (Trelew, Argentina: 8 al 11 de Mayo de 1984). Comite Argentino -
para el Estudio de las Regiones Aridas y Semiaridas, Trelew, Argentina 74p. (In Spanish.)

The objective of this work was to study three factors: seed depth, type of soil, and
grade of compaction of soil on the rate and distribution of germination.

Keywords: germination; soils

012 Ayerza, R. and Polledo, M. 1984. Evaluacion de areas con jojoba (Simmondsia
chinensis L. Schneider) en el desierto de Sonora [Evaluation of areas with jojoba in the
Sonoran Desert]. Pages 2 -3 in Resumenes de los Trabajos Presentados en la VIII Reunion
Nacional para el Estudio de las Regiones Aridas y Semiaridas (Trelew, Argentina: 8 al 11
de Mayo de 1984). Comite Argentino para el Estudio de las Regiones Aridas y Semiaridas,
Trelew, Argentina 74p. (In Spanish.)

A program was developed to study jojoba and its distribution in the Sonoran desert.
Eight sites, two inMexico and six in the United States, were analyzed.

Keywords: Sonoran Desert; Mexico; U.S. Southwest; plant distribution

013 Banerjee, B. N. and Bhatia, V. K. 1984. Adaptability of jojoba to Dehra Dun
Climate. Indian Farming 34(6):19, 21.

Being a renewable vegetable source, jojoba has attained much importance in recent years
and its cultivation has spread to Mexico, the United States, Israel, and some African
countries. Efforts are being made to cultivate it elsewhere. India with a diversity of
climate has a good prospect for its introduction and commercial production.

Keywords: India; plant introduction; commercial production
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014 Benzioni, A. and Dunstone, R. L. 1985. Environmental and hormonal effects on
flowering of jojoba. Pages 171 -178 in J. Wisniak and J. Zabicky, eds., Jojoba:
Proceedings of the Sixth International Conference on Jojoba and Its Uses, October 21-26.
1984. Ben - Gurion University, Beer- Sheva, Israel. 453p.

Successful crop species must have synchronized flowering. which occurs when the
environmental conditions favor a high rate of seed set. Jojoba plants in existing
plantations do not fulfill these conditions because of the variable genetic material and the
early stage of plant selection. Flower buds break dormancy in response to low
temperatures in the presence of adequate water and then require warmer conditions to
complete development. A mechanism by which flower bud dormancy may be controlled was
sought in a series of experiments. The possibility that abscisic acid (ABA) is involved in
the regulation of flower bud dormancy was examined by following endogenous ABA levels
and by applying ABA. ABA levels were high in dormant flower buds and decreased under
conditions of low temperature. The application of ABA or the droughting of plants
delayed and reduced flowering percentage in plants in low temperature treatments.

Keywords: flowering; dormancy; abscisic acid; temperature

015 Benzioni, A. and Dunstone, R. L. 1985. A possible role for abscisic acid in
controlling dormancy in jojoba flower buds. Australian Journal of Plant Physiology
12(5):463 -470.

Jojoba flower buds break dormancy in response to low temperatures in the presence of
adequate water. The possibility that abscisic acid (ABA) is involved in the regulation of
dormancy was examined by following endogenous ABA levels in flower buds and leaves and
by applying synthetic (+ ) - ABA. Under controlled conditions endogenous levels of ABA
were high in dormant flower buds and decreased under conditions of low temperature that
led to flowering. Similar results were obtained in the field. Levels in the leaves were
low and changes in response to environmental treatments were small. Daily spraying of
the plants with water containing 0.01 percent Tween enhanced flowering while water
stress inhibited it. The application of ( +) - ABA delayed flowering and reduced the
percentage of flowers open at the end of the experiment.

Keywords: abscisic acid; dormancy; flowering

016 Benzioni, A. and Dunstone, R. L. 1986. Jojoba: Adaptation to environmental stress
and the implications for domestication. The Quarterly Review of Biology 61(2): 177- 199.

Jojoba is being domesticated to exploit the liquid wax contained in the seed. The
xeromorphic adaptations that allow jojoba to survive and reproduce in its arid habitat
present special problems for its domestication. An account of the natural history of
jojoba introduces the specialized characteristics of the species. Details of the
morphological and anatomical adaptations are reviewed. The physiological adaptations of
jojoba to temperature, water, and salt stresses in terms of water relations, growth, and
photosynthesis are also reviewed. The implications of these adaptations for survival in
the wild and for domestication are discussed.

Keywords: stress; adaptation; photosynthesis; history; temperature; plant morphology; water
use
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017 Benzioni, A. and Nerd, A. 1985. Effect of irrigation and fertilization on vegetative
growth and yield of jojoba in relation to water status of the plants. Pages 201-21' in J.
Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference
on Jojoba and Nts Uses, October 21 -26, 1984. Ben - Gurion University, Beer - Sheva, Israel.
453p.

Field grown jojoba was subjected to 11 different irrigation and fertilization regimes.
Water potential, leaf permeability, fruit yield, and vegetative growth were measured.
Irrigation increased growth and yield, and application of fertilizer had a large additional
effect. Under field conditions the plants in all the treatments suffered from water stress.
The degree and duration of water stress was related to the irrigation regime. The
average yield (2500 grams per plants) was obtained from plants receiving 4000 -5000 liters
per plant per year of water plus fertilizer during the warm dry season. The average yield
was achieved after four years of treatment.

Keywords: water stress; irrigation; fertilizers; seed yield

018 Benzioni, A., Nerd, A. and Forti, M. 1983. Effect of irrigation, fertilizing and
genetic background on flowering in jojoba. Pages 221 -227 in A. Elias - Cesnik, ed., Jojoba
and its Uses Through 1982: Proceedings of the Fifth International Conference on Jojoba
and Its Uses. University of Arizona, Office of Arid Lands Studies and Division of
Continuing Education, Tucson, Arizona. 295p. -

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.

Keywords: flowering; irrigation; fertilizers; genetics

019 Berlinger, M. J., et al. 1985. Preliminary survey of insects attacking jojoba in
Southern Israel and of their natural enemies. Pages 219 -223 in J. Wisniak and J. Zabicky,
eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and Its Uses,
October 21 -26, 1984. Ben - Gurion University, Beer- Sheva, Israel. 453p.

In the United States about 50 phytophagous insect and mite species and about the same
number of parasites and predators were collected from jojoba plants. Most of them are
phytophagous species which are known as pests of other crops as well.

Keywords: insects; pests; Israel

020 Birnbaum, E., Matías, S. and Wenkart, S. 1985. Vegetative propagation of jojoba by
tissue culture. Pages 233 -241 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of
the Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben -
Gurion University, Beer- Sheva, Israel. 453p.

Procedures have been developed to clonally propagate jojoba by in vitro methods. The
procedures have been adapted to about 30 selected adult plants having desirable
characteristics. "Hardening -off" procedures and equipment have also been developed to
prepare plantlets produced in vitro for planting in the field. The Negev Jojoba Company
is applying these procedures at its commercial tissue culture facility in Israel.

Keywords: Israel; vegetative propagation; tissue culture
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021 Bitner, E. D., Friedrich, J. P. and Mounts, T. L. 1986. Laboratory continuous
deodorizer for vegetable oils. Journal of the American Oil Chemists' Society 63(3):338 -340.

A laboratory scale continuous deodorizer, based on a modified Snyder distillation column,
was constructed and tested for the deodorization of alkali- refined and bleached vegetable
oils. Soybean oil, corn oil, cottonseed oil, and jojoba wax esters were processed
successfully in the continuous deodorizer. However, only the results achieved with
soybean oil are given.

Keywords: oil; soybean oil; processing; oil use

022 Bizzi, A., Cini, M. and Bracco, U. 1985. Absorption and distribution of jojoba oil
after oral administration to rats. Pages 333 -336 in J. Wisniak and J. Zabicky, eds., Jojoba:
Proceedings of the Sixth International Conference on Jojoba and Its Uses, October 21 -26.
1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

Jojoba wax is a mixture of liquid esters with properties comparable to vegetable oils.
Nutritional studies on jojoba oil were started. A single dose of jojoba wax resulted in
partial absorption. Jojoba wax was recovered in the intestinal wall, lymph, plasma, and
liver. Fifty percent of the dose was found 48 hours faecis. In vitro experiments
suggested that jojoba waxes can be metabolized in the liver. Jojoba oil was given in the
diet (six percent) for two months and small amounts of wax were found in several tissues. -
Rats fed on jojoba grew as much as the control group but not as fast, while their food
intake was slightly higher. In plasma, jojoba was carried mostly by chylomicrons and very
low density lipoprotein; and plasma triglycerides and phospholipids were increased by the
treatment. The profile of fatty acids was investigated in a number of tissues.

Keywords: rodents; fatty acids; feeding experiments

023 Botello, M. C. 1981. Propagation of Jojoba, Simmondsia chinensis, by a Modified
Seed Grafting Technique and the Effects of Liming on the Growth and Nutrient Uptake of
Jojoba Seedlings in a Soilless Medium. M.S. Thesis. University of Hawaii, Honolulu. 41p.

The seed grafting technique developed for camellias and chestnuts and the stone grafting
technique developed for mangoes were modified for nursery propagation of jojoba. These
techniques require little scion wood and can be performed on young seedlings that demand
little greenhouse space and maintenance. Since jojoba has been reported to prefer a
slightly alkaline greenhouse medium, more lime may be needed in the greenhouse soil
medium. Lime will alter the availability and toxicity of many of the elements in the
medium to the growing seedlings. However, it may: I) induce deficiencies of available
iron, manganese, copper and zinc; 2) decrease availability of phosphate because of the
formation of complex insoluble calcium phosphates; 3) hinder the uptake and utilization of
boron; and 4) hinder the uptake of potassium because of the mass action effect of
calcium.

Keywords: seed grafting; propagation; nutrients; nurseries; seeds

024 Boyd, R. W. 1983. Systems approach to harvesting jojoba. Page 251 in A. Elias -
Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International
Conference on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies
and Division of Continuing Education, Tucson, Arizona. 295p.
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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?

Keywords: harvesting; mechanical harvesting equipment

025 Brown, J. H. 1980. Isomorphous jojoba oil compositions containing trans- isomerized
jojoba oil. U.S. Patent 4,360,387 (Abstract only.)

Mixtures of trans - isomerized jojoba oil and hydrogenated jojoba oil were prepared by
melting and cooling the components. Isomorphous compounds were then useful as candle
waxes, non -stick cooking sprays, or cosmetic vehicles. Mixtures of 15 to 75 percent
trans - isomerized jojoba oil and 25 to 85 percent hydrogenated jojoba oil were suitable for
use as candles.

Keywords: patents; oil uses; hydrogenated oil; product development

026 Brown, J. H. 1983. 1982 Jojoba seed processing. Pages 255 -257 in A. Elias - Cesnik,
ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International Conference
on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and Division
of Continuing Education, Tucson, Arizona. 295p.

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 S.12 per pound of oil. When operating intermittently the estimated annual average
processing cost is $.75 per pound of oil.

Keywords: processing; cost analysis

027 Brown, J. H. and Campbell, A. M. 1985. Practical and scientific aspects of
vegetative propagation of jojoba cuttings using fog. Pages 253 -260 in J. Wisniak and J.
Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and
Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer- Sheva, Israel. 453p.

Creating an atmosphere of 100 percent humidity at the leaf surface of jojoba stem
cuttings during vegetative propagation, without saturating the rooting media contributes to
a high degree of rooting and hardening success. Equipment, materials, methods,
fertilizers, fungicides, field and greenhouse operational methods, and costs are discussed as
employed during a 100,000 cutting project. Controlled treatments of jojoba for optimum
rooting percentages under fog conditions is discussed.

Keywords: vegetative propagation; general information; humidity

028 Brown, C. and Hall, N. 1982. An Economic Evaluation of Jojoba Production in
Australia. Occasional Paper No. 72. Bureau of Agricultural Economics, Canberra,
Australia. 24p.
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Jojoba production in Australia is still in its infancy. There is little evidence on likely
realizable economics of production. This paper reports on a stochastic cost -benefit
analysis of growing jojoba in Australia; an analysis which uses the expected ranges of oil
prices, yields,. and growing costs to make estimates of the probability of jojoba growing
producing particular levels of profit.

Keywords: economic development; Australia; cost analysis

029 Buckmann, S. L. 1983. Aerobiology of pollen abundance and dispersal in a native
stand of jojoba (Simmondsia chinensis) in Arizona. Pages 79 -93 in A. Elias - Cesnik, ed..
Jojoba and its Uses Through 1982: Proceedings of the Fifth International Conference on
Jojoba and Its Uses. University of Arizona. Office of Arid Lands Studies and Division of
Continuing Education, Tucson, Arizona. 295p.

Concentration of atmospheric jojoba pollen in a native stand was monitored continuously
for a five day period with a Burkardt seven -day volumetric pollen and spore trap during
1981. Hourly and seasonal 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. As
expected, pollen levels were much higher during daylight hours than at night. Moderate
precipitation caused pollen values to fall for periods of at least one 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.

Keywords: pollen; Arizona; native populations; temperature

030 Buchmann, S. L. 1987. Floral biology of jojoba (Simmondsia chinensis), an
anemophilousplant. Desert Plants 8(3):111 -124.

Jojoba is dioecious with small unisexual flowers borne on separate plants. The plants are
strictly wind -pollinated. Male plants produce large amounts of pollen (approximately 523
grams per plant). The pollen is small, smooth with little exine sculpturing and averages 34
in equatorial diameter. Anthers dehisce and pollen is shed during the entire day, but with
an early afternoon peak from 1300 to 1500 Mountain Standard Time. Seasonal data for
jojoba aerial pollen concentration and selected hourly values for certain days are also
presented for 1982 and 1983 for a native stand. Data on floral number, floral ontogeny,
stigmatic receptivity, and seeds per fruit are also presented.

Keywords: pollen; flowers; seed yield

031 Buisson, D. H., et al. 1982. Oil from deep water fish species as a substitute for
sperm whale and jojoba oils. Journal of the American Oil Chemists' Society 59(9):390 -395.

The lipid fraction of the deep water fish species orange roughy, black oreo, and small
spined oreo had wax esters with even carbon numbers over the range C30 to C46 as the
major components. Acids and alcohols of the wax ester fraction were analyzed by gas
liquid chromatography and compared with those of jojoba and sperm whale oils.

Keywords: gas chromatography; acids; lipids; alcohols
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032 Cadicamo, P. A. and Cadicamo, J. J. 1983. A second study of jojoba oil, its
derivatives and other cosmetic oils. Soap /Cosmetics /Chemical Specialties 59(6):36 -38.

Nineteen different oils including jojoba were studied for gelling effect.

Keywords: cosmetics; derivatives

033 Campbell, A. M. 1985. Management methods for increasing yield potential of direct
seeded jojoba plantations. Pages 11 1- 117 in J. Wisniak and J. Zabicky, eds., Jojoba:
Proceedings of the Sixth International Conference on Jojoba and Its Uses, October 21 -26.
1984. Ben - Gurion University, Beer- Sheva. Israel. 453p.

Since 1978, an estimated 40,000 acres of jojoba plantations have been established
throughout the world by planting seed collected either from native stands or early
producing plantation bushes. Observations of such plantations indicate over two - thirds of
the yield coming from one -third or less of the female plant population within the
plantations. New information relative to an implemented program of improving yield of
existing acreage through selection and vegetative propagation of above average producers
is presented.

Keywords: seed yield; vegetative propagation; direct seeding

034 Caple, G., Layton, R. G. and McCurdy, S. H. 1983. Ice nucleation inhibition by
isolates from jojoba seed. Pages 51 -61 in A. Elias - Cesnik, ed., Jojoba and its Uses
Through 1982: Proceedings of the Fifth International Conference on Jojoba and Its Uses.
University of Arizona, Office of Arid Lands Studies and Division of Continuing Education,
Tucson, Arizona. 295p.

Ice nucleation studies have been conducted using solvent -extracted jojoba 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 that 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. There is a potential use in agricultural frost protection for the
type of antifreeze materials found in jojoba seed.

Keywords: ice nucleation; seed meal

035 Carstensen, K. J. 1984. Thread and Bearing Lubricant. United States Patent
4,525,287.

A lubricant composition for thread or bearing surface operated at high temperature and
stress load conditions, a thixotropic mixture including a jojoba based vehicle, metallic and
non- metallic particulates, a metallic component for wetting the stressed thread or bearing
surfaces, and other metallic particulate solids also wet by the metallic component. The
lubricating vehicle retains the composition in place under extremely high temperatures
without gassing off so that the particulate elements function properly to permit relative
sliding motion of the stressed surfaces.

Keywords: patent; lubricants
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036 Catlin, P. B., Olsson, E. A. and Rost, T. J. 1982. Response of jojoba seedlings to
waterlogged root environments. HortScience 17(6):894 -895.

Although few, seedlings of jojoba developed foliar symptoms when their roots were
waterlogged at 23 °C for 42 days, root systems of all plants were irreversibly damaged. At33 °C, symptoms developed more rapidly, but again all plants died when treatments were
prolonged to obtain foliar effects on a high proportion of plants. The limit of survival at
33 °C was when about 50 percent of the seedlings expressed symptoms. Jojoba is
intermediate in sensitivity to waterlogging based upon direct comparisons with walnut and
pear.

Keywords: water stress; seedlings; temperature

037 Celaya, U. N. 1983. La infestacion del barrenador de cabeza redonda (Saperda
candida Fabr.) en las poblaciones de jojoba silvestre del estado de Sonora. Pages 163-164
in A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth
Ìnternational Conference on Jojoba and Its Uses. University of Arizona, Office of Arid
Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p. (In Spanish.)

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.

Keywords: pests; Mexico; insects

038 Ceron, W. and Delatorre, J. 1985. Jojoba experimental planting in Chile. Pages 43-
50 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October 21-26, 1984. Ben -Gurion University. Beer -
Sheva, Israel. 453p.

Eight experimental 0.5 to 2 hectare plantings were carried out in the northern and driest
area of Chile to determine the areas with more adaptability and potential, the best method
of planting, and the main problems of management to be solved. The best planting
method found was producing seedlings in plastic bags from pre - germinated seeds and
transplanting them after three to four months in the nursery. The seedlings were
transplanted to the fields in different ways according to soil texture and water
availability. One year after transplanting, the plants showed more than 90 percent
survival, good vegetative growth, had doubled their height at transplantation, increased
their leaf number five to sixfold, and showed flower initiation.

Keywords: Chile; plantation management; seedlings; plant introduction

039 Chandel, K. P. S. and Singh, B. M. 1984. Some of our under- utilized plants. Indian
Farming 34(2):23 -29.

Work performed at the National Bureau of Plant Genetic Resources has shown that under-
utilized plants like guayule and jojoba could be used as plant substitutes. Other under-
utilized food and industrial plants include winged bean (Psophocarpus tetragonolobus),
amaranthus (Arnaranthus sp.), mamma bean (Tylosema esculentum), bambara nut (Vigna
subterranea), and gopher plant (Euphorbia lathyris). These plants hold promise for

10



development, but an increased level of research will be necessary to advance them to
possible crop status.

Keywords: detsert plants; economic development; India

040 Chen, P. K., et al. 1985. Preflowering sex determination: An aid to jojoba
propagation. Pages 243 -251 in J. Wisniak and J. Zabicky, eds.. Jojoba: Proceedings of the
Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben -Gurion
University, Beer - Sheva, Israel. 453p.

Three different methods have been used to determine the sex of preflowering -stage young
seedlings. They are: 1) the leaf length /width ratio, 2) Popov's color test, and 3)
immunological assays. With known -sex plants, there was a significant difference in L/W
ratio between male and female jojoba plants and rooted cuttings sent from Arizona.
Seven hundred leaves from known sex were measured and individual and average L/W
ratios were obtained. A 100 percent correlation was observed between sex and L/W ratio.
Popov's test showed 100 percent reliability with female population and an 80 percent
correlation with the L/W ratio in sex determination. Male and female tissue extracts were
used to immunize rabbits to produce anti -male and anti - female sera. Preliminary results
showed that the anti -male sera gave better distinction of sex of jojoba seedlings.

Keywords: flowering; sex determination; leaves

041 Chute, J. H. 1985. Production, market and price considerations for jojoba seed and
oil. Pages 407 -417 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth
International Conference on Jojoba and Its Uses, October 21-26, 1984. Ben - Gurion
University, Beer - Sheva, Israel. 453p.

A 10 -year forecast of world jojoba oil production was calculated. Future demand for
jojoba oil was grouped into three categories on a price- dependent basis and by graphical
comparison of the demand and supply forecasts. Future variations in jojoba oil price have
been predicted. After allowance for production costs, seed prices at the "Farm Gate" have
been calculated and it is concluded that, to optimize profitability, growers should process
seed into oil at the plantation site. A number of areas were identified in which market
research can provide improved data to refine this model.

Keywords: cost analysis; economic development

042 Cordoba, F., et al. 1985. Deteccion temprana del sexo en jojoba: Los fenoles y los
antigenos. [The early detection of sex in jojoba: The phenolic compounds and the
antigens.] Interciencia 10(3):130-133, 160-161. (Spanish with English summary.)

Jojoba sex identification was approached by bulk analyses of acidic phenolic compounds in
leaves of adult plants of known sex. Two distinct ultraviolet spectra were found according
to sex. Similar spectra were found in leaves of jojoba plantlets. Sex identification using
this procedure gave 85 percent accuracy in male plants and 50 percent accuracy in female
plants, thus, rendering the test a less than optimal procedure complicated by the fact that
phenolic analyses requires special and expensive instrumentation. An alternate
immunochemical procedure was cheaper than chemical sex determinations and was amenable
to development as a practical field test. New results have shown the presence of several

11



antigens in male and female flower and leaf extracts. At least one antigen appears to be
sex -specific. The test could be adapted for a practical and economical field sex analysis.

Keywords: ,sex determination; acids; leaves

043 Curry, E. 1983. Wonder crops: New promises, new pitfalls. Landowner 5(13):306.

Crops like jojoba, guayule, aloe vera, Jerusalem artichoke, and amaranth have long -term
potential; however, the market for them is uncertain. Now a limited market outweighs the
future potential promised by promoters.

Keywords: economic development; market demand

044 Davidson, S. 1983. Jojoba: Cautious optimism. Commonwealth Scientific and
Industrial Research Organization, Rural Research Winter(119):21 -25.

This article discusses the introduction of jojoba into Australia along with information on
drought tolerance, how more research is necessary for large -scale plantations, and
potential uses of the oil.

Keywords: Australia; plantation establishment

045 Davis, J. B., Kay, D. E. and Clark, V. 1983. Plants Tolerant of Arid, or Semi -arid,
Conditions with Non -food Constituents of Potential Use. Tropical Development and
Research Institute, London. 172p.

Basic information was compiled concerning plants that are reported to tolerate arid or
semiarid conditions and that have or might have potential as raw materials for industrial
(non -food) use. An alphabetical listing of 298 species includes Simmondsia chinensis.

Keywords: adaptation; product development; plant uses

046 de la Luz, J. L. L. 1985. Movimiento estomatico y mecanismos adaptativos de
diversas poblaciones de Simmondsia chinensis (Link) Schneider en el Noroeste de Mexico.
[Stomatal movement and adaptive mechanisms of diverse populations of Simmondsia
chinensis (Link) Schneider in Northwest Mexico]. Biotica 10(1):7 -17. (Spanish with
English summary.)

Stomatal conductance and leaf water potential was measured on diverse wild and cultivated
populations of jojoba on the coasts of the Gulf of California and the Pacific in Northwest
Mexico. The diurnal changes indicate that plants open their stomata early in the morning
when evaporative demand is low, and close when temperature and ambient humidity are
maximum and minimum, respectively. The values registered suggest the existence of two
major groups of ecotypes, one on the Pacific Coast and one on the coast of the Gulf of
California. The former was characterized by its ability to sustain higher values of
stomatal conductance at lower values of leaf water potential, indicating a lower drought
tolerance in the latter.

Keywords: stomata; drought tolerance; Mexico; ecology
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047 de la Luz, J. L. L. and Fanjul, L. 1983. Densidad estomatica en plantas masculinas
y femeninas de jojoba (Simmondsia chinensis. Link, Schneider) procedentes de la costa de
Sonora, Mexico. [Stomata! densities from plants of two sexes of jojoba]. Biotica
8(3):303 -307? (Spanish with English summary.)

Stomatal densities from plants of both sexes of jojoba from Sonora, Mexico were
compared. Differences between both adaxial and abaxial leaf surfaces were noted. These
results, compared with a previous report for plants from Arizona, showed 26 percent and
30 percent more stomata in the abaxial and the adaxial surfaces, respectively, and 32
percent more gas exchange area than plants from Arizona. This may be due to possible
adaptations to different microclimates.

Keywords: stomata; Sonora; Arizona; sex ratios; adaptation

048 de Medeiros Matos, M. and Alves Pereira, D., eds. 1982. Bibliografia Internacional
de Jojoba (Simmondsia chinensis (Link) Schneider). Empresa Brasileira de Pesquisa
Agropecuaria, Centro de Tecnologia Agricola e Alimentar, Rio de Janeiro, Brazil. 168p.
(In Portuguese.)

An international bibliography on jojoba. Contains 442 references, author and subject
indexes.

Keywords: bibliographies

049 de Villez, R. L. 1984. Method of treating acne using ozonized materials. U.S.
Patent 4,451,480, May 29, 1984. (Abstract only.)

A method for treating acne comprises topically applying an effective amount of an ozonide
of fixed oils, esters, fatty acids, alcohols and ethers containing an olefin to the affected
area. Ozonides are selected from a group consisting of olive, sesame; jojoba, castor,
and /or peanut oils.

Keywords: product development; esters; fatty acids; alcohols; oil; patents; cosmetics

050 Deßach, P. 1984. Aphytis simmondsiae n. sp. (Hymenoptera:Aphelinidae), a parasite
of jojoba scale, Diaspis simmondsiae (Homoptera:Diaspididae). Folio Entomologica Mexicarra
60:103 -112.

Aphytis simmondsiae sp. nov., an aphelinid parasite of Diaspis simmondsiae ferris is
described with specimens obtained from Las Barracas, Baja California Sur, Mexico.

Keywords: diseases; Mexico; parasites

051 Decombaz, J., Heise, C. and Anantharaman, K. 1985. Nutritional investigations on
jojoba oil. Pages 323 -331 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the
Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben -Gurion
University, Beer - Sheva, Israel. 453p.

The good culinary properties, bland taste, and low digestibility of jojoba oil offer
potential for its use in certain food preparations. Jojoba oil was assessed to determine
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the energy value when fed to the growing rat and to make a preliminary evaluation of its
safety in use as a fat substitute in food. Jojoba oil digestibility at 12 percent or 6
percent in diet is about 40 percent. Data on growth rate. appetite, and energy retention
for tissue growth show that the oil may be regarded as a low -calorie fat. As in the case
of dietary fiber, the oil intake reduced the apparent digestibility of certain dietary
nutrients. Histopathological examination of target organs after one week and two months
of feedings revealed no manifestations of toxicity and there was no effect attributable to
the erucyl ester component of jojoba oil.

Keywords: nutrients; plant uses; foods(human)

052 Dittrich, P. and Korak, A. 1984. Novel biosynthesis of D- Pinitol in Simmondsia
chinensis. Phytochemistry 23(1):65 -66.

Chase experiments with 14CO2 and feeding experiments with labelled inositols showed that
D- pinitol in leaves of jojoba arises via epimerization of D- ononitol. This finding
represents an alternative pathway, since D- pinitol is formed in gymnosperms and other
plants by epimerization of sequoyitol.

Keywords: biosynthesis; plant chemistry; carbon dioxide

053 Dunstone, R. L. 1982. Jojoba flower buds: Effects of preconditioning temperature.
Australian Journal of Agricultural Research 33(4):649 -656.

The environmental factors that control the reproductive cycle of jojoba were studied
under controlled conditions. Plants were placed under a warm pretreatment temperature,
which resulted in the growth of new shoots bearing dormant flower buds. Plants were
later moved to lower treatment temperatures which break flower bud dormancy.
Pretreatment temperature affected the percentage of nodes that produced flower buds.
Both the pretreatment and the treatment temperatures affected flowering percentage, there
being an optimum pretreatment effect at 30 °C /25 °C day /night temperatures. Flowering
percentage responded to absolute treatment temperature rather than to the drop in
temperature from pretreatment to treatment. Flowering percentage increased with a
decrease in treatment temperature down to 15 °C /10 °C (male clone) and 12 °C/7 °C (female
clone). The lowest pretreatment- treatment temperature combination was associated with
the production of female flower parts on the male inflorescences.

Keywords: temperature; flowers; flowering; Australia

054 Dunstone, R. L. 1986. Jojoba: A crop for semi -arid zones. Span 29(3):102 -104.

General information outlining the botanical nature and agricultural requirements of jojoba
is given. The waxes and oils produced have multifarious uses, and the crop is already
being raised commercially in every continent and under climatic conditions ranging from
mediterranean to tropical. There is much scope for improvement in plant selection and
breeding.

Keywords: general information
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055 Dunstone, R. L. and Begg, J. E. 1983. Jojoba: A potential crop for Australia.
Journal of the Australian Institute of Agricultural Science 49(2):51 -59.

Researchers in Australia investigated the physiological basis of jojoba adaptation to arid
conditions, temperature extremes, and the environmental control of flowering and fruit
growth. Yield that growers might expect from the unselected plant material currently
used is from overseas data. Future development depends upon improved methods of
choosing plantation sites and the selection of well- adapted plant lines. Variation in habit,
yield characteristics, and flowering time is available to the plant breeder. Plant
improvement can be achieved by vegetative propagation of selected clones or by controlled
crossing.

Keywords: Australia; adaptation; flowering; direct seeding; plantation establishment

056 Dunstone, R. L. and Begg, J. E. 1983. Direct seeding of jojoba under dryland
conditions in Australia. Pages 157-162 in A. Elias - Cesnik, ed., Jojoba and its Uses
Through 1982: Proceedings of the Fifth International Conference on Jojoba and Its Uses.
University of Arizona, Office of Arid Lands Studies and Division of Continuing Education.
Tucson, Arizona. 295p.

During the 1981 spring season, large areas of jojoba were successfully established in New
South Wales and Western Australia by direct seeding without irrigation. 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. The establishment rate
varied from 36 to 39 percent, sufficient to provide from 1.2 to 1.3 plants per meter of
row.

Keywords: Australia; direct seeding

057 Dunstone, R. L. and Dawson, I. A. 1983. The effect of solar radiation on flowering
in jojoba. Pages 213 -219 in A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982:
Proceedings of the Fifth International Conference on Jojoba and Its Uses. University of
Arizona, Office of Arid Lands Studies and Division of Continuing Education, Tucson,
Arizona. 295p.

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 female flowers and inflorescences with open male flowers at
intervals of 7 to 12 days from the start of 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 but not for the male.

Keywords: flowering; temperature; water use; light
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058 Dunstone, R. L., et al. 1984. Effect of temperature on seed development in jojoba
(Simmondsia chinensis (Link) Schneider). II. Wax content and composition. Australian
Journal of Agricultural Research 35(5):693 -700.

Jojoba plants were grown in pots in temperature -controlled phytotron glasshouses. The
flowers were hand -pollinated and the seeds were grown under a range of eight
temperature regimens from 15 °C /10 °C to 36 °C /31 °C. The concentration of wax in the
seed was determined by nuclear magnetic resonance and the wax composition and the
composition of ethanolysis products of the wax were determined by gas chromatography.
At 21 °C /16 °C the wax concentration increased with seed growth until the seed reached 75
percent of its mature weight and then stabilized at about 45 percent. The wax
concentration in mature seeds was only slightly affected by temperature. The main effect
of temperature on wax composition was the depression of the percentage of waxes with
carbon chain lengths greater than 40 at temperatures over 30 °C /25 °C. The depression was
associated with a reduction in the percentage of C22 and C24 fatty acids and alcohols.

Keywords: temperature; seeds; chemical structure

059 Dunstone, R. L., et al. 1985. Effect of temperature on the synthesis of jojoba wax.
Australian Journal of Plant Physiology 12(4):355 -362.

Seed was collected from jojoba plants growing at three field sites in two years. Wax
percentage was determined by nuclear magnetic resonance and compositions of the wax
and ethanolysis products were determined by gas chromatography. Mean wax
concentration varied from 49.2 to 55.1 percent. Increase in mean maximum temperature
during the period of linear seed growth decreased linearly the percentage of long -chain
wax esters. Decreases in long -chain esters was associated with a decrease in the C22 and
C24 fatty acids and alcohols. Data from controlled environment studies and field studies
were used to assess the effects of temperature on the percentage elongation, reduction
and esterification of acyl- coenzyme A's of carbon lengths 18 -22. High temperature
lowered the specificity for elongation of C20 -C22 and of C22 -C24 and increased the
specificity for reduction of the C20 acid to its corresponding alcohol. The amount of C42
wax ester was greater than would be expected by random association of the alkoxy -acyl
groups but this preference was not as great at high temperatures.

Keywords: esters; Israel; Australia; temperature; biosynthesis; gas chromatography

060 Dunstone, R. L., et al. 1985. Effect of temperature on wax content and
composition. Pages 179 -183 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the
Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben- Gurion
University, Beer - Sheva, Israel. 453p.

The effect of temperature on the percentage wax and the composition of the wax in
jojoba seed was studied under controlled conditions and in the field. Under controlled
conditions, percentage wax was stable over a wide range of temperatures. The
composition of the wax showed little change between 15 /10 °C and 30/25 °C but at
temperatures over 30/25 °C there was a depression in the percentage of long chain wax
esters. This depression was associated with a reduction in the percentage of C22 and C24
fatty acids and alcohols. Mean wax percentage and composition varied between field sites
and also from year to year. The percentage of long chain esters decreased linearly with
increase in mean maximum temperature during the period of linear seed growth.

Keywords: temperature; esters; chemical composition
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061 Durazo, U. B. 1983. Estabilidad y media de produccion en plantas de jojoba,
Simmondsia chinensis (Link) Schneider, bajo cultivo en la costa de Hermosillo. Pages 237 -
242 in A. Elias - Cesnik, ed.. Jojoba and its Uses Through 1982: Proceedings of the Fifth
International Conference on Jojoba and Its Uses. University of Arizona, Office of Arid
Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p. (In Spanish.)

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 one 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.

Keywords: Mexico; seed yield

062 Dvoskin, D. 1987. Potential Utilization of Agricultural Resources: The Case of
Jojoba. Resources and Technology Division, Economic Research Service, U.S. Department
of Agriculture. ERS Staff Report No. AGES870706. 33p.

This research is part of a more comprehensive economic assessment of industrial crops as
an alternative to reduce U.S. agricultural excess production capacity. The overall study
goal is to determine the extent to which agricultural resources can be shifted from
traditional food and fiber crops into the area of industrial feed stocks such as special
oils. The study employs an economic model, developed for jojoba, which examines the
economic performance of continuous jojoba production over 25 years under changing yields
and prices.

Keywords: economics; seed yield; investment

063 El Mardi, M. O. and Yermanos, D. M. 1983. Jojoba flower development in the
Sudan. Pages 129-130 in A. Elias- Cesnik, ed., Jojoba and its Uses Through 1982:
Proceedings of the Fifth International Conference on Jojoba and Its Uses. University of
Arizona, Office of Arid Lands Studies and Division of Continuing Education, Tucson,
Arizona. 295p.

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.

Keywords: Sudan; humidity; fruiting; flowers

064 Elias - Cesnik, A., ed. 1983. Jojoba and its Uses Through 1982: Proceedings of the
Fifth International Conference on Jojoba and Its Uses. University of Arizona, Office of
Arid Lands Studies, and Division of Continuing Education, Tucson, Arizona. 295p.

Proceedings of the Fifth International Conference on Jojoba and Its Uses (Tucson,
Arizona: October 11 -15, 1982). Includes 39 papers and author index.

Keywords: conferences
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065 Empresa de Pesquisa Agropecuaria do Rio Grande do Norte S/A ( EMPARN). 1982.
Jojoba (Volumes I and II). EMPARN Document No. 5. Natal, Brazil. 212p. (In
Portuguese.)

Proceedings of the First Conference on Jojoba (Natal, Rio Grande do Norte. Brazil: July
20 -22. 1982).

Keywords: Brazil; plantation establishment; conferences

066 Evans, M. R. 1984. Responding to jojoba's lure. Farmline 5(4):10 -11.

Separating promise from reality on the future economic potential of jojoba is discussed.

Keywords: economic development

067 Feldman, W. R. 1982. Nutrition and Growth of Jojoba. Simmondsia chinensis (Link)
Schneider, During Vegetative Propagation. Ph.D. Dissertation. University of Arizona.
Tucson. 211p.

Cuttings were fertilized during rooting under mist and were evaluated for growth and
element concentrations, CO2 exchange during rooting, media, light, and nutrition effects
on nursery growth and nutrition effects on field establishment. Field survival after five
months was not significantly affected by nutritional treatments. Growth after
transplanting was greater for plants fertilized in the nursery. Rooting stage fertilization
is beneficial if plants are not held long in the nursery. Nursery -stage nutrition is
important for good stand establishment and growth of jojoba transplants.

Keywords: vegetative propagation; nutrients; rooting

068 Feldman, W. R., Palzkill, D. A. and Hogan, L. 1983. Nutrition and growth of
vegetatively propagated jojoba. Pages 181 -195 in A. Elias - Cesnik, ed.. Jojoba and its Uses
Through 1982: Proceedings of the Fifth International Conference on Jojoba and Its Uses.
University of Arizona. Office of Arid Lands Studies and Division of Continuing Education.
Tucson, Arizona. 295p.

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 investigated. 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.

Keywords: plant growth; vegetative propagation; fertilizers; nutrients

069 Feldman, W. R., Palzkill, D. A. and Hogan, L. 1984. Leaf element concentrations of
jojoba cuttings during vegetative propagation as related to nutrition and growth.
Communications in Soil Science and Plant Analysis 15(4):353 -374.

Response of jojoba cuttings to fertilizers during mist propagation was studied during two
spring seasons and a summer season. A soluble fertilizer and three controlled release
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fertilizers were tested. Initial leaf concentrations of nitrogen, phosphorus, and potassium
were lower in spring than in summer, and were greater at lining -out in fertilized cuttings.
Leaf nitrogen and potassium content were positively correlated to root and shoot growth
in spring and ro shoot growth in summer. Leaf zinc and manganese were positively
related to shoot and root growth in spring.

Keywords: vegetative propagation; fertilizers; nutrients; plant chemistry; leaves; rooting

070 Fisher, G. L. 1983. Mechanical harvesting of jojoba. Pages 249 -250 in A. Elias -
Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International
Conference on Jojoba and Its Uses. University of Arizona. Office of Arid Lands Studies
and Division of Continuing Education, Tucson, Arizona. 295p.

The ability to mechanically harvest commercial plantations of jojoba is important to the
economic viability of the industry. l-land 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 that S.25 per
pound of seed compared to S2.50 per pound for hand harvesting.

Keywords: harvesting; cost analysis; mechanical harvesting

071 Flader, F. J. 1986. Budding jojoba industry gives desert a new look. Foreign
Agriculture 24(6):14-15.

Jojoba oil offers commercial promise in the cosmetic, leather and textile markets. Other
potential markets for it are in lubricants, electrical insulators, transformer oils,
disinfectants, detergents, fire retardants, candle wax and polishing wax. During the next
few years the volume cultivated should increase while cultivation and extraction practices
become more efficient thus dropping the price of the oil. At these prices demand may
outstrip supply.

Keywords: oil uses; oil; cosmetics; lubricants

072 Foerstner, L. W. 1983. Jojoba: A long -term commercial prospect. Pages 151 -152 in
A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth
International Conference on Jojoba and Its Uses. University of Arizona, Office of Arid
Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p.

The objective of six years of research and development by Agri - Petroleum Development
Company 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.

Keywords: commercial production; diseases; native populations; vegetative propagation
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073 Foerstner, L. W. and Bloss, H. E. 1985. The role of biological and edaphic
interactions on jojoba production. Pages 213 -217 in J. Wisniak and J. Zabicky, eds.,
Jojoba: Proceedings of the Sixth International Conference on Jojoba and Its Uses,
October 21326, 1984. Ben- Gurion University, Beer - Sheva, Israel. 4S3p.

Jojoba was discovered to have a mycorrhizal relationship in its native state. Vesicles and
hyphae of.the fungal organism were profuse inside the roots. This vesicular
arbuscular mycorrhizae (VAM) was identified at Glomus deserticola. VAM inoculation
stimulated the uptake of phosphorus, zinc, copper, and other elements on citrus. An
extensive study of biological and edaphic conditions of jojoba in its native state needs to
be undertaken. Conditions responsible for the success of jojoba in its wild state should
be understood and duplicated in commercial fields. Cultural programs which have ignored
"pathological potential" have little chance of long term commercial success.

Keywords: mycorrhizae; plant pathology; vesicular arbuscular mycorrhizae

074 Forti, M., Nerd, A. and Benzioní, A. 1985. Effect of genetic background on
flowering pattern, growth, and yield of jojoba. Pages 293 -298 in J. Wisniak and J.
Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and
Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

Four selected jojoba shrubs were grown separately under uniform conditions of irrigation
and fertilization and their morphological, phenological, and reproductive characteristics
were followed for several years. The four shrubs differed in their growth rate and plant
size. An inverse correlation was found between plant volume and fruit yield. The
average fruit yield was the largest 4200 grams per plant for the smallest shrub and only
1200 grams per plant for the largest plant. The use of seed of known origin instead of
indiscriminately collected or purchased material, in conjunction with appropriate
cultivation practices, may significantly improve the performance of seeded plantations.

Keywords: genetics; flowering; seed yield; plant growth

075 Foster, K. E., et al. 1983. Guayule, jojoba, buffalo gourd, and Russian thistle:
Plant characteristics, products and commercialization potential. Desert Plants 5(3):112- I17,
126.

Arid -adapted plants, guayule, jojoba, buffalo gourd, and Russian thistle; have been shown
to have economic potential as new crops in the southwestern United States. These plants
produce either food, wood, fiber, extracts, or solid or liquid fuels. New crop development
may be inhibited by local and regional factors such as uncertain economic returns,
conflicts about crop displacement and limits on water pumping for agriculture.

Keywords: U.S. Southwest; economic development; product development

076 Franz, J. C. 1984. Jojoba - A New Cash Crop for Arid Lands. Gesellschaft fur
Regional forschung und angewandte Geographie. [Regional Research and Applied
Geography Association], Federal Republic of Germany. 52p.

Jojoba plantations spread to arid and semiarid lands all over the world. Potential uses for
the oil are known; however, new possible uses will evolve in the future as a steady
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supply of the oil becomes available. Future research will continue to improve the
cultivation techniques, the plant material and the search for new uses.

Keywords: cultivation; climate; processing; site selection; seed yield; market demand;
harvesting; mechanical harvesting equipment; economic development

077 Franz, J. C. 1985. Innovation diffusion of jojoba. Pages 71 -79 in J. Wisniak and J.
Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and
Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

There have been several phases so far in the diffusion process of jojoba. In the phase of
discovery, it grew in wild stands in the Sonoran Desert. Jojoba nuts were used by native
population for various purposes. During the last century, botanists became interested and
more recently oil chemists found out the value of the oil. Increasingly during the 1950s
and 1960s, the phase of experimental adoption saw trial plantings by scientists and a few
other interested people. Later trial plantations were undertaken in areas outside its
native environment in Israel and Australia. The phase of actual innovation began in 1972,
at the International Conference on Jojoba and Its Uses. At this point jojoba was
considered as a cash crop and ideas for establishment of large commercial plantings were
first ventilated. Next, commercial plantations were started in the United States, Mexico,
Costa Rica and Australia, with small trial plantings started in many countries all over the
world. However, it will be a long time before the next phase, saturation, is reached.

Keywords: history

078 Galun, A. B. and Shaubi, E. 1984. Thermal isomerization of jojoba wax. Journal of
the American Oil Chemists' Society 61(3):565 -568.

Jojoba wax was thermally isomerized over a range of temperatures. The equilibrium
constant and the rates of cis -trans and trans -cis conversions were measured. Activation
energy and enthalpy were calculated.

Keywords: isomerization; temperature; thermal properties

079 Galun, A. B., et al. 1984. Photosensitized cis -trans isomerization of jojoba wax.
Journal of the American Oil Chemists' Society 61(1):102 -103.

Jojoba wax solutions were irradiated at wavelengths longer that 366 nm, in the presence
of sensitizers, at room temperature. Cis -trans isomerization took place only with
sensitizers with triplet energy greater than 68 kilocalories per molecule. Quantum yields
were low and a conversion of up to 25 percent of the trans isomer was achieved at the
photostationary state.

Keywords: isomerization; energy

080 Galun, A. B., et al. 1984. Oxidation and halogenation of jojoba wax. Journal of the
American Oil Chemists' Society 61(6): 1088- 1089.

The oxidation with hydrogen peroxide and permanganate and the allylic bromination,
chlorination, and chloro -etherification of the olefinic bonds of the liquid wax extracted
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from jojoba seed were studied. Hydrolytic splitting of the wax into its carboxylic and
alcoholic components competed with most reactions carried out in aqueous systems. The
use of a suitable phase - transfer catalyst enabled the oxidation of the double bonds to
carboxyls using permanganate in aqueous systems. Reaction of the wax with hydrogen
peroxide in formic acid yielded formates, which were then hydrolyzed to vicinal glycols.
The diglycols obtained by hydrogen peroxide oxidation were benzoylated. Allylic
chlorination of jojoba wax with t -butyl hypochiorite in organic solvents was carried out.
Conditions were found for the allylic bromination of the wax, yielding mono -, di -, tetra -.
or octabromo derivatives.

Keywords: oxidation; halogenation; chemical reactions; derivatives

081 Galure, A. B., et al. 1985. Oxidation and halogenation of jojoba wax. Pages 355 -358
in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses; October 21 -26, 1984. Ben - Gurion University, Beer -
Sheva, Israel. 453p.

The oxidation with hydrogen peroxide and permanganate and the allylic bromination,
chlorination, and chloro- etherification of the olefinic bonds of the liquid wax extracted
from jojoba seed were studied. This is basically the same article that appeared in the
Journal of the American Oil Chemists' Society 61(6):1088 -1089.

Keywords: oxidation; halogenation; chemical reactions; derivatives

082 Garcia - Berenguer, A. 1985. Jojoba en Espana. Pages 39 -41 in J. Wisniak and J.
Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and
Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer- Sheva, Israel. 453p. (In
Spanish.)

Jojoba was introduced experimentally in Spain in 1981. Research plots have been planted
in several places over Andalucia. the Balearic Islands, and the Canary Islands. The
behavior of these research plots over the short span of 1981-1984 is described. Research
has been carried out at the Center on vegetative propagation, both by cuts and in- vitro.
The need is stressed for the creation in Spain of an extensive gene bank in order to make
the most adequate clonal selection for jojoba production.

Keywords: Spain; plant introduction; vegetative propagation

083 Gilbert, C., Mansfield, D. and Storey, R. 1982. The effects of ethylene, ACC, AG +.
Co +2 and spermidine on germination and protein degradation in jojoba seeds. Plant
Physiology 69S:95. (Abstract only.)

Jojoba seeds normally germinate within 60 hours following imbibition. Germination is
followed by rapid hypocotyl elongation and degradation of cotyledonary proteins by
concerted aminopeptidase, carboxypeptidase, and multiple endopeptidase activities.
Mechanisms involved in the regulation of these processes were studied. Protein loss
during germination and early seedling development was greater in cotyledons treated with
ethephon. ACC or spermidine than in those given Co +2 or only buffer. In similar stages,
protein loss among all treatments was similar. Axis removal did not affect the system.
Radicle emergence was delayed by nearly days and protein loss from cotyledons was
enhanced in seeds germinated with ethrel compared to the controls.

Keywords: germination; chemical composition; seeds; seedlings; propagation; proteins
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084 Glat, D., Dobrenz, K. and Palzkill, D. A. 1983. Carbon dioxide exchange processes
in jojoba (Simmondsia chinensis). Desert Plants 5(3):118-121.

The carbon dioxide exchange processes in jojoba are not in a steady state and are
sensitive to small changes in environmental conditions. Light respiration was the most
variable carbon dioxide exchange process. while dark respiration was consistently the most
stable. Even though the average rate of apparent photosynthesis was lower than for most
C3 plants, jojoba plants were able to take up carbon dioxide at levels of
leaf- water- potential that would desiccate most mesophytic plants. Individual plants
responded differently to water stress, demonstrating the genetic variability for
photosynthetic, and réspiratory processes.

Keywords: carbon dioxide; respiration; photosynthesis; water stress

085 Gonzales, R. M. 1983. Planta piloto CONAZA. Page 263 in A. Elias - Cesnik. ed.,
Jojoba and its Uses Through 1982: Proceedings of the Fifth International Conference on
Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and Division of
Continuing Education, Tucson, Arizona. 295p. (In Spanish.)

La Comision 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 eight percent to 15 percent of residual oil in cold -
pressed seed meal.

Keywords: harvesting; native populations; Baja California

086 Graille, J., Pina, M. and Pioch, D. 1986. Routine analysis of jojoba wax fatty acids
and alcohols by single column capillary gc. Journal of the American Oil Chemists' Society
63(1):111 -116.

Two analytical procedures were developed through a detailed study of the different steps
and reactions of ethanolysis and acetylation of jojoba wax. One method could become a
standard method of analysis because it includes a one -pot derivation of the wax followed
by a single gas chromatography analysis with an analysis time of three hours. The other
method is suitable for the analysis of large numbers of samples for checking, screening,
selection, and breeding among the different jojoba genera.

Keywords: fatty acids; analytical techniques; alcohols; gas chromatography

087 Gulz, P. G. 1982. Composition of epicuticular waxes from fruits of jojoba
(Simmondsia chinensis [Link] Schneider). Zeitschrift fur Naturforschung
37c(11- 12):1053 -1056.

Epicuticular waxes were extracted with hexane from dry jojoba pericarp and seed. These
cuticular waxes consisted of hydrocarbons, wax esters, free acids, free alcohols and
sterols. Additional aldehydes were found in the wax obtained from seed coats. The
hydrocarbon fraction contained a homologous series of n- alkanes and branched alkanes but
no alkenes. The composition of the wax esters of the cuticular wax was similar to that
of the cotyledons. The esters are composed of monounsaturated long -chain acids and
alcohols.

Keywords: chemical structure; acids; alcohols; sterols; esters; epicuticular waxes
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088 Gulz, P. G. 1985. Organ specific composition and surface structure of epicuticular
waxes from jojoba. Pages 185 -191 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings
of the Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984.. Ben -
Gurion University, Beer - Sheva, Israel. 453p.

The surfaces of jojoba leaves and seed coats are covered with similar amounts of
epicuticular waxes per surface area. But these wax mixtures differ in the chemical
structure and composition according to their origin and cause chemical structure and
composition according to their origin, and cause differences in the morphological
appearance of wax on the surface of both organs. The predominance of saturated and
very long chain components in the form of homologous series of hydrocarbons, wax esters,
aldehydes, acetates, esters of short chain alcohols, free fatty acids, and free alcohols in
leaf wax result in a crystalline wax layer on this organ. Jojoba leaves show a dense
coverage of thin plates with fringed edges. In contrast, the seed coat carries a cover of
non -crystalline, fluid consistency. The lower melting point of this wax mixture is caused
by shorter chain, unsaturated and branched compounds which predominate on this organ.

Keywords: chemical structure; chemical composition; leaves; seeds; epicuticular waxes

089 Gulz, P. G. 1986. Chemische zusammensetzung und oberflachenstruktur der
epikutikularen wachse bei verschiedenen organen von jojoba. [Chemistry and surface
structure of epicuticular waxes from different organs of jojoba]. Berichte der Deutschere
Botanischen der Gesellschaft 99:89 -97. (In German.)

The surfaces of jojoba leaves and seed coats are covered with similar amounts of
epicuticular waxes per surface area. These wax mixtures differ in the chemical structure
and composition according to their origin and cause differences in the morphological
appearance of wax. The predominance of saturated and long chain components in the
form of homologous series of hydrocarbons, wax esters, aldehydes, acetates, esters of
short chain alcohols, free fatty acids, and free alcohols in leaf wax result in a crystalline
wax layer on this organ. Leaves show a dense coverage of thin plates with fringed edges,
while the seed coat carries a cover of non -crystalline, fluid consistency. The lower
melting point of this wax mixture is caused by shorter chain. unsaturated and branched
compounds.

Keywords: chemical structure; leaves; seeds; chemical composition; epicuticular waxes

090 Gulz, P. G. and Eich, C. 1982. Composition of phospholipids in seed oil of jojoba
(Simmondsia chinensis [Link] Schneider). Zeitschrift fur Naturforschung
37c(11- 12):1286 -1287.

Phospholipids from jojoba oil were isolated in amounts of 0.16 percent. The following
phospholipids were identified: phosphatidylcholine 45 percent, phosphatidylethanolamine 33
percent, phosphatidylinositol 10 percent, and phosphatidylglycerol 7 percent. The fatty
acid compound is similar in all individual phospholipids. Palmitic acid and oleic acid are
the dominant fatty acids.

Keywords: chemical composition; acids; fatty acids

091 Gulz, P. G. and Eich, C. 1982. Epicuticular waxes from leaves and stems of jojoba
(Simmondsia chinensis [Link] Schneider). Zeitschrift fur Naturforschung 38c(9- 10):679 -63
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Epicuticular waxes were extracted with chloroform from air -dried jojoba leaves and stems.
These cuticular waxes consisted of homologues of n- alkanes, branched alkanes, alkenes,
wax esters aldehydes, acetates, esters, free long chain fatty acids, and alcohols. Both
leaves and stems showed the same qualitative and quantitative composition with similar
distribution patterns. Very long chain and, in most cases, saturated compounds are
dominating. The composition of epicuticular waxes from jojoba leaves and stems is quite
different from that of jojoba pericarp and seed coats and demonstrates an organ specific
wax composition of different aerial parts of this plant.

Keywords: leaves; stems; chemical composition; epicuticular waxes

092 Gulz, P. G. and Hangst, K. 1983. Chemistry and morphology of epicuticular waxes
from various organs of jojoba (Simmondsia chinensis [Link] Schneider). Zeitschrift fur
Naturforschung 38c(9- 10):683 -688.

The surfaces of leaves and seed coats of jojoba are covered with similar amounts of
epicuticular waxes per surface area. The composition of these waxes was analyzed by
chemical methods whereas their microscopic structures in situ were revealed by scanning
electron microscopy. Differences in the chemical structure and composition of the
complex mixtures cause differences in the morphological appearance of wax on the surface
of both organs. The predominance of saturated and long chain components in leaf wax
results in a crystalline wax layer on this organ. The seed coat carries a cover of non-
crystalline fluid consistency. The lower melting point of this wax mixture is caused by
shorter chain and unsaturated compounds predominating on this organ.

Keywords: plant chemistry; plant morphology; scanning electron micrograph; epicuticular
waxes; leaves; stems

093 Gupta, A. and Ghosh, R. N. 1981. Alternaria blight of Simmondsia chinensis. Indian
Phytopathology 34:397 -399.

During August - September 1979, a serious leaf blight was observed in three- to six -
month -old jojoba plants in the fields of the National Botanical Research Institute,
Lucknow, India. The causal organism was identified as Alternaria tenuissima. Symptoms
appear as light brown lesions on the leaf margins that later converge toward the middle
of the leaf. Sometimes the entire leaf is affected.

Keywords: diseases; India; leaves; stems

094 Halderman, A. D. 1983. Irrigation systems for commercial production of jojoba.
Pages 145 -149 in A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of
the Fifth International Conference on Jojoba and Its Uses. University of Arizona, Office
of Arid Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p.

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
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the burden of proof to them. The best irrigation method for specific conditions can be
selected systematically.

Keywords:' irrigation; commercial production; Arizona

095 Hamer, R. J. 1985. Jojoba cultivation in Australia. Pages 85 -89 in J. Wisniak and J.
Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and
Its Uses, October 21 -26. 1984. Ben- Gurion University, Beer- Sheva, Israel. 453p.

Jojoba has a history of 50 years in Australia, but only through the hard lessons of trial
and error and by sound research. has it now emerged as a strong viable industry of great
potential. Australia is the same size as the United States and has the range of soils,
climate, and other conditions to provide large areas with the basic requirements for
growing jojoba. Research is carried out principally by the Commonwealth Scientific and
Industrial Research Organization at Canberra, supplemented by the agriculture departments
of several states. Plantations now exist and experience confirms the basic requirements of
adequate water, a frost -free zone between 23° and 32° latitude, and a well- drained, light -
textured soil. Large -scale, fully mechanized, and highly scientific operations are the key
to success.

Keywords: Australia; cultivation; plant introduction

096 Hamm, D. J. 1984. Preparation and evaluation of trialkoxytricarballylate,
trialkoxycitrate, trialkoxyglycerylether, jojoba oil and sucrose polyester as low- calorie
replacements of edible fats and oils. Journal of Food Science 49(2):419 -428.

Trialkoxytricarballylate, trialkoxycitrate, trialkoxyglycery tether, sucrose polyester, and
refined jojoba oil were prepared and evaluated as low -calorie replacements for
conventional edible fats and oils. Their viscosities and surface and interfacial tensions
were generally typical of edible oils, whereas their differential scanning calorimetry
behavior was highly structure dependent. Incorporation of trialkoxytricarballylate and
jojoba oils into margarine and jojoba oil into mayonnaise indicated that functional food
models may be prepared from any of the tested oils. Trialkoxytricarballylate,
trialkoxycitrate, and jojoba oils were resistant to enzyme hydrolysis in vitro. suggesting
resistance to digestion in vivo. Preliminary experiments of caloric value with rats using
trialkoxytricarballylate and jojoba oil supported in vitro findings. Anal leakage,
depression, weakness, and deaths were observed among animals at moderate to high -dose
levels of both oils.

Keywords: oil; product development; foods(human); feeding experiments; rodents

097 Haumann, B. F. 1983. First harvest of cultivated plantations bringing desert crop
closer to widespread commercial use. Journal of the American Oil Chemists' Society
60(1):45 -58.

In 1982, approximately 50 to 64 pounds per acre of jojoba seed were harvested from 395
acres in Arizona and California. Oil, extracted from wild seed. was sold for up to $200 a
gallon in 1981. and dropped to about $75 a gallon in July 1982. Some promoters believe
that jojoba could become a profitable enterprise especially in the skin care, food, and
high - pressure lubricant markets.

Keywords: seed yield; economic development; product development; Arizona; California; oil
uses
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098 Hawson, M. G. 1985. Jojoba in Western Australia. Pages 51 -58 in J. Wisniak and J.Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and
Its Uses. October 21 -26, 1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

This paper reports the progress made in understanding jojoba under varying climatic
conditions in Western Australia during the past 12 years. Results of trials established by
the Department of Agriculture and large -scale plantings by private companies are
discussed.

Keywords: Australia; climate; plant introduction

099 Hogan, L. and Bemis, W. P. 1983. Buffalo gourd and jojoba: Potential new cropsfor arid lands. Pages 317 -349 in Advances in Agronomy, Volume 36. Academic Press,
Boulder, Colorado.

Buffalo gourd and jojoba appear to offer considerable potential for becoming important
new crops for arid regions of the world. Both require much additional research, but great
strides have been made to make them valuable additions to the list of important cultivated
crops. Plantation culture, vegetative propagation, diseases, pests, harvesting, yields, and
product uses are discussed.

Keywords: cultivation; vegetative propagation; product development; harvesting; oil uses-

100 Hogan, L. and Palzkill, D. A. 1983. Importance of selection and evaluation of
vegetatively propagated jojoba before commercial release. Pages 177-179 in A. Elias -
Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International
Conference on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies
and Division of Continuing Education, Tucson, Arizona. 295p.

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 eight to ten years could increase
yields in comparison to seed - propagated plants.

Keywords: vegetative propagation; seed yield; harvesting

101 Howard, B. H., Banko, T. and Milbocker, D. C. 1984. Rooting response of jojoba
cuttings to stem wounding, nodal preparation, and IBA treatment. The Plant Propagator
30(4):12 -14.

Differences in the rooting of cuttings from different jojoba genotypes were largely
removed by post- cutting collection treatments, and particularly by combining stem incision
wounding with indolylbutyric acid application. Preparation of cutting bases at a node was
more effective than wounding and internodal cuttings benefitted more than nodal cuttings
from wounding.

Keywords: rooting; acids; propagation
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102 Huber, H. P. 1984. Jojoba: Von der Wustenpflanze zum nachwachsenden Rohstoff.
Fortuna Finanz Verlag, Niederglatt, Zurich, Switzerland. 7Sp. (In German.)

This book is directed primarily to people who are planning to invest in a jojoba plantation
and gives a general overview about production areas, production techniques, use of jojoba
products, marketing, and an economical analysis of the investment.

Keywords: general information; economic development; product development; cost analysis;
oil uses

103 Inov, Y. 1983. Considerations in making a decision to establish a jojoba venture.
Pages 153 -155 in A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of
the Fifth International Conference on Jojoba and Its Uses. University of Arizona, Office
of Arid Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p.

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.

Keywords: cost analysis; plantation establishment

104 Inov, Y. 1985. Economic future of jojoba growings. Pages 419 -421 in J. Wisniak
and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba
and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

The economic future of jojoba growing will depend on high professional performance of all
agricultural technologies. The key factors are: genetic selection, perfect management.
and efficient mechanical harvesting. Developers of future jojoba plantations must consider
the fact, demonstrated in other crops, that developed countries can compete well with
underdeveloped countries only by applying modern, sophisticated technologies, methods,
and management. Intensive research and development of many more uses and new
products are a must to the industry's future.

Keywords: economics; plantation management; product development; oil uses

105 Iwasaki, K. 1985. Jojoba: Its economic feasibility and the possibility of its
cultivation in developing countries. Sand Dune Research 32(2):84 -96.

Jojoba is a promising crop in arid regions because of its unique ability to produce seeds
containing 50 percent liquid wax under low moisture conditions. It remains to be seen
whether jojoba can be domesticated profitably for arid regions in the world. The present
cultivated area is 29,500 hectares, the yield potential of oil ranges from 0.9 to 1.1 tons
per hectare, the projected price of jojoba oil is about $2.4 to $2.9 /kg, and the estimated
market volume is 90,000 tons per year. Jojoba has potential as an economic oil -producing
crop in long -term projection because a cheaper source of lubricants will be lost as
petroleum disappears. Jojoba plantations are not economically feasible under the present
level of supply and price structure. The absence of improved strains and limited
information on cultivation practices, the slow growth, and the requirements of relatively
high levels of water in early growth stages are major obstacles for jojoba development in
arid regions of developing countries.

Keywords: cultivation; economic development; Japan
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106 Jauhar, P. P. 1983. Cytogenetic studies in relation to breeding superior cultivars of
jojoba. Pages 63 -77 in A. Elias- Cesnik, ed., Jojoba and its Uses Through 1982:
Proceedings of the Fifth International Conference on Jojoba and Its Uses. University of
Arizona, Office of Arid Lands Studies and Division of Continuing Education, Tucson,
Arizona. 295p.

Jojoba is a polyploid with 2n-4x=52 chromosomes. it has remarkable regular, diploid -like
meiosis, and consequently high pollen fertility. Polyploid status, excessive nucleolar
material at meiotic prophase, 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.

Keywords: breeding; genetics; pollination

107 Johnson, R. and Storey, R. 1985. Aminopeptidase activity from germinated jojoba
cotyledons. Plant Physiology 79:641 -645.

Germinated jojoba cotyledon extracts were separated by ammonium sulfate precipitation
and chromatofocusing producing aminopeptidase activity. None of the activities were
inhibited by 1,10 phenanthroline. The major aminopeptidase, purified 260 -fold, showed a
pH optimum of 6.9 with leucine -p- nitroanilide as a substrate, a molecular weight estimated
at 14,200 by electrophoretic analysis, and an isoelectric point of 4.5 according to the
chromatofocusing pattern. Activity was slightly stimulated by 1.10 phenanthroline and
2- mercaptoethanol, and not influenced by magnesium chloride or diethyl pyrocarbonate.
Presence of cysteine in the assay with p- chloromercuribenzoate prevented inhibition.
Leucine- p- nitroanilide and leucine -B- naphthylamide were the most rapidly hydrolyzed of 11
carboxy - terminal end blocked synthetic substrates tested. No activity on endopeptidase or
carboxypeptidase specific substrates were detected. The major aminopeptidase showed
activity on a saline soluble jojoba seed protein preparation and suggests a physiological
role for. the enzyme in the concerted degradation of globulin reserve proteins during
cotyledon senescence.

Keywords: cotyledons; germination;

108 Kadish, A. (R.) 1985. A search for the origin of jojoba. Pages 287 -292 in J.
Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference
on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer- Sheva, Israel.
453p.

Jojoba is a monotypic genus and a polypoid. It is proposed as a hybrid between tropical
species of Buxus and Sarcococca. The location was the Baja California peninsula, which
at the time was divided into a series of islands. The time is thought to be 5 to 15
million years ago. The climate was a drying phase which had started earlier, about 15 to
20 million years ago. The event probably occurred when the annual precipitation of ca
1500 millimeters (60 inches) was halved to 750 millimeters. The habitat consisted of the
drying forest /scrub and the emerging coastline. The original jojoba was probably a
hermaphrodite and insect pollinated but later shifted to dioecy and wind pollination.
Further evolutionary history is also given.

Keywords: taxonomy; history
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109 Kammann, K. P., Jr. and Phillips, A. L 1985. Sulfurized vegetable oil products as
lubricant additives. Journal of the American Oil Chemists' Society 62(5):917-923.

Sulfurized products based on hog fat and its derivatives have commercial use as additives
for metalworking and industrial oils. but only small quantities of vegetable oils find such
application in North America. Products were made by sulfurization of soybean, sunflower,
cottonseed, high erucic rapeseed, canola, Limnanthes (meadowfoam), and prime lard oils.
Unlike products from the wax ester jojoba oil, the sulfurized vegetable triglycerides alone
had properties undesirable for lubricant additives. When the oils were sulfurized in the
presence of methyl lardate, the products had potential practical application. Compared to
other sulfurized vegetable triglyceride products Limnanthes products showed the best
solubility in high viscosity -index paraffinic oil. Measurements of extreme pressure,
friction, and wear were compared. Products from jojoba were best, of the triglyceride
group and the Limnanthes -containing products gave the best performance.

Keywords: lubricants; oil; oil uses

110 Kampf, A., Grinberg, S. and Galun, A. 1986. Oxidative stability of jojoba wax.
Journal of the American Oil Chemists' Society 63(2):246 -248.

Rates of autoxidation of crude, bleached, and stripped jojoba wax were determined under
conditions of accelerated oxidation. Oxidation of the raw yellow wax had a long induction
period compared with the bleached wax or stripped wax. These differences indicated the
presence of a natural antioxidant in the crude wax. Addition of 0.02 percent butylated
hydroxytoluene or butylated hydroxyanisole to the bleached wax restored and even
improved its stability. Autoxidation of jojoba was also studied at room temperature.

Keywords: oxidation stability

111 Katoh, M. and Kunimoto, T. 1983. The use of jojoba oil in cosmetics in Japan.
Pages 281 -288 in A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of
the Fifth International Conference on Jojoba and Its Uses. University of Arizona, Office
of Arid Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p.

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
contributed to an unfavorable image of the industry. A price of SSO per gallon and a
more reliable supply would be desirable. Substitutes for jojoba oil, synthetic formulations,
and orange roughy oil, have been eagerly investigated by Japanese cosmetic chemists.

Keywords: Japan; cosmetics

112 Khallel, A. S. and Elkhider, K. A. 1987. Mycorrhizal status of jojoba seedlings.
HortScience 22(4):667.

Authors discuss the introduction of jojoba into the Barah region in Sudan. Discussion is
given as to whether jojoba is mycorrhizal just under natural condition or if plants
produced from seeds in greenhouses are also mycorrhizal. Experiments conducted on seeds
grown in the greenhouse produced vesicular arbuscular mycorrhizal colonization averaging
87 percent with the range being from 72 -95 percent in the jojoba root segments.

Keywords: Sudan; seedlings; mycorrhizae
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113 Klocke, J. A. and Myers, P. 1984. Chemical control of thrips on cultured Simmondsia
chinensis (jojoba) shoots. HartScience 19(3):400.

A phytophagoús insect, allothrips species, was found to be a contaminant in cultures of
proliferating shoots of jojoba. Incorporation of the insecticide, acephate, into the culture
medium at concentrations of 10 and 100 parts per million eradicated the thrips. Orthene
retained insecticidal activity through autoclaving and proved to be nonphytotoxic to jojoba
in culture.

Keywords: insects; pests

114 Knowles, L. R. 1985. Jojoba market development in the United States. Pages 423 -431
in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer -
Sheva, Israel. 453p.

Despite the fact that 35,000 acres of jojoba are already planted and that growers have
developed effective farming practices, the industry lacks the creditability and cohesiveness
that are required for success. Specifically, the industry must prove itself ethically by
ensuring a more predictable oil supply, a more stable price structure, a quality product
through the use of industry- adopted grades and standards, and professional service through
knowledgeable sales and technical personnel.

Keywords: market demand; product development; commercial standards

115 Laborin, M. N. 1983. Comportamiento de una plantacion comercial de jojoba de 4 y 5
anos de edad en la costa de Hermosillo, Sonora, Mexico. Pages 245 -247 in A. Elias - Cesnik,
ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International Conference
on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and Division of
Continuing Education, Tucson, Arizona. 295p. (Spanish with English summary.)

One hundred hectares of jojoba have been established at Campo Sacramento on the coast of
Hermosillo. Twenty -five hectares are five years old, 75 hectares are four years old. Seed
yields were 7 kilograms per hectare in 1980. 60 kilograms per hectare in 1981, and 270
kilograms per hectare in 1982.

Keywords: Mexico; Sonora; plantation establishment; seed yield

116 Landis, P. S. and Crater, R. H., Sr. 1984. Letter to the editor: Solubility of jojoba
oil in organic solvents. Journal of the American Oil Chemists' Society 61(12):1879 -1880.

Data on the solubility of fatty oils in organic solvents are useful for extractions and
crystallizations, and for carrying out various types of organic reactions, particularly those in
which the solvent participates in part as a reactant or as a promoter. In studies aimed at
producing novel organic products from jojoba oil, the solubility at 15 °C of this mixture of
long -chain fatty acid esters was measured in 20 organic solvents consisting of the common
laboratory and industrial solvents, non -polar hydrocarbons, ethers, ketones, alcohols, and
acids. Results confirmed earlier analyses conducted by McKinney and Jamiesen and Miwa.

Keywords: solubility; solvents; product development
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117 Lanny, T. R. 1985. The development of the jojoba association in Australia. Pages 81-
83 in J. Wisniak and J. Zabicky, eds.. Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University,. Beer -
Sheva, Israel.. 453p.

Jojoba is now being grown in a wide variety of sites throughout Australia which are situated
in a number of different climate zones and utilize various development and growing
techniques. The activities of individual promoters have drawn both favorable and adverse
media and political attention to the industry. A need for a cohesive industry association
became apparent in order to expedite research progress by cooperation among members and
to provide a unified voice to promote the industry's needs. The Jojoba Association of
Australia Limited now represents approximately 90 percent of the commercially cultivated
areas in Australia, and is well placed to provide a valuable contribution towards the rate of
development in Australia over the coming years.

Keywords: Australia; plantation establishment; commercial production

118 Lee, C. W. and Palzkill, D. A. 1984. Propagation of jojoba by single node cuttings.
HortScience 19(6):841 -842.

Double eye (DE) and single eye (SE) nodal semi- hardwood cuttings of jojoba, treated with
2,000 parts per million indolebutyric acid, were rooted successfully under intermittent mist
in a mixture of one part perlite to one part vermiculite. Differences in rooting percentages
between five -node, single -node DE, and single node SE cuttings were not significant. The
root systems of five -node cuttings were much larger than those of nodal cuttings. DE
cuttings produced significantly more roots than SE cuttings. Clonal differences for rooting
capability were evident among 12 clones tested. Significantly more cuttings rooted in the
one part perlite to one part vermiculite rooting mix than in Oasis Root Cubes.

Keywords: propagation; rooting; soils

119 Lee, C. W. and Sherman, R. A. 1985. Meiosis in jojoba, Simmondsia chinensis. Israel
Journal of Botany 34:1 -6.

The meiotic process of microsporogenesis in jojoba was characterized by using young flower
buds collected from natural stands in Tucson, Arizona. Chromosome counts on several
hundred samples revealed no deviation from 2n =52 chromosomes. The occasional appearance
of a ring -of -four or quadrivalent configuration of chromosomes at diaknesis suggests the
polyploid nature of this plant. The entire meiotic process was remarkably regular as in a
diploid species. Characteristics of ¶meiosis include the occurrence of multi - nucleoli in both
prophase and interphase and the frequent appearance of a darkly- staining body resembling a
B chromosome. Cytological basis for sex expression in this dioecious species was not
determined in this study.

Keywords: genetics; flowers

120 Lee, C. W. and Thomas, J. C. 1985. Jojoba embryo culture and oil production.
Hortscience 20(4):762 -764.

A single immature jojoba embryo cultured in vitro produced as many as 18 asexual embryos
per explant depending on the explant size and culture media composition. Cotyledonary
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structures arising from embryos contained wax bodies and liquid wax identical to that of
jojoba seed. Induced asexual embryos frequently produced callus without forming multiple
embryos when excised and subcultured.

Keywords: cotyledons; embryology; genetics

121 Lee, C. W., Thomas, J. C. and Price, R. L. 1983. Jojoba oil production from embryo
cultures. Pages 9 -20 in A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings
of the Fifth International Conference on Jojoba and Its Uses. University of Arizona, Office
of Arid Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p.

Young jojoba embryos 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 the culture media. Some cultures developed as many
as 18 new embryos within two 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.

Keywords: tissue culture; asexual reproduction; cotyledons

122 LI, A. S. W. and Hwang. 1984. Determination of intrinsic linewidth and deuterium
isotropic hyperfine coupling constant of pd- tempone in jojoba oil and microemulsion: An
ESR study. The Arabian Journal for Science and Engineering 9(3):234 -238.

An attempt to extract two parameters, the intrinsic linewidth and deuteron coupling
constant, by performing a computer simulation of lineshape is demonstrated.

Keywords: emulsification

123 Libby, H., et ai. 1985. Cosmetics based on jojobal oil. I. Oxidation stability. Pages
363 -370 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer -
Sheva, Israel. 453p.

Oxidation stability of the oil component is critical in cosmetic formulation. Sustained
utilization of jojoba oil in this industry is dependent on resistance to oxidation. Method of
measurement for this study utilized the technique of monitoring oxygen uptake by weight of
small oil samples. The oil was compared to hydrocarbon oils and various triglycerides that
are current standards in the industry. Preliminary results indicate excellent stability for
jojoba oil. This report also includes comparative data of evaluation of this series of oils in
actual cosmetic emulsion formulations, in which testing procedures involve utilization of the
product for cosmetic application with emphasis on odor and physical aesthetic properties.

Keywords: oxidation stability; cosmetics; hydrocarbons

124 Lima, J. A. A., et al. 1985. A "antracnose" da jojoba no semi -arido cearense. [The
anthracnose of jojoba in semi -arid Ceara]. Comunicacoes 10:171- 175. (In Portuguese.)

Fungus isolated from necrotic lesions on leaves of jojoba plants was identified as
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Colletotrichum sp. on the basis of its fruiting body and its hyaline, I- celled, and ellipsoid
conidia formed on naturally infected leaves. Fungus pathogenicity was demonstrated through
artificial methods of inoculation achieved in greenhouse and laboratory conditions on healthy
leaves of jojoba. In laboratory tests inoculated leaves were detached from the plants and
placed in dishes containing filter paper moistened with sterile water. In all pathogenicity
tests, the fungus was capable of causing necrotic lesions on the inoculated leaves, similar to
those observed in field conditions.

Keywords: fungi; leaves; Brazil

12S Lisk, D. J. and Brown, J. H. 1985. Utilization of defatted jojoba meal. Pages 343-353
in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October 21 -26. 1984. Ben - Gurion University, Beer -
Sheva, Israel. 453p.

The first phase of a two -phase feeding study is reported wherein newly weaned lambs were
fed diets containing zero, 5 or 10 percent defatted jojoba meal. Four ram lambs and 16 ewe
lambs were assigned to each of the diets for 80 and 50 days. General animal performance
including feed acceptance, rate of weight gain, and any outward signs of toxicity were
measured and assessed. The second phase of the study is reported later.

Keywords: feeding experiments; lambs

126 Lovenstein, H. M. 1985. Opportunities for improvement in jojoba production. Pages
119-132 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben- Gurion University, Beer -
Sheva, Israel. 453p.

A sound development in jojoba cultivation requires an overall review from planting to
harvesting. Possible improvement are mentioned concerning the following topics:
propagation, spacing, pruning, fertilization, irrigation, flower control and seed production,
and breeding.

Keywords: plantation management

127 Low, C. B. and Hackett, W. P. 1981. Vegetative propagation of jojoba. California
Agriculture 35 (3/4):12-13.

Three- to six -inch terminal stem cuttings were taken from mature female jojoba plants in
different seasons. Basal ends of the cuttings were dipped in indolebutyric acid (IBA) at
4,000 parts per million for five seconds. Cuttings were rooted in perlite under intermittent
mist and 75 °F bottom heat. Rooting was generally poor in winter and early spring.
Rooting was highest from May to August. IBA, in general. promoted root formation during
the optimal rooting months, but either had no effect or inhibited rooting during the
low- rooting seasons.

Keywords: vegetative propagation; rooting; acids

128 Lubbert, F. A. 1985. A new concept on jojoba harvesting. Pages 147 -151 in J.
Wisniak and J. Zabicky, eds.. Jojoba: Proceedings of the Sixth International Conference on
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Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

In the Hermosillo, Sonora, area there are five cultivated jojoba plantations comprising,
approximately .300 hectares. The first yields were planted in 1977. With the assistance of
researchers in Mexico and the United States, commercial jojoba is at the point where it is
proving to be a crop that can compete with other perennials. To accomplish this, adequate
cultural practices, irrigation techniques, and harvesting methods must be carried out. A new
harvesting technique will be used this year on 10 hectares, which may solve the problem of
allowing the plant to reach its maximum production potential at a minimum cost. A study
of profitability of commercial jojoba plantations as compared to other perennial crops is
presented.

Keywords: harvesting; Sonora; seed yield; commercial production; cost analysis

'4. 129 Lucas, G. 1983. Needs and concerns of the small plantation owner. Pages 133-135 in
A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth
International Conference on Jojoba and Its Uses. University of Arizona, Office of Arid
Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p.

A small plantation is farmed on ten 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 six
months. Sim -Trol, with Simazine, a pre- emergent herbicide has been used for weed contral.
Crops will be harvested mechanically with leased equipment.

Keywords: Arizona; irrigation; weed control; herbicides; mechanical harvesting

130 Ludeke, K. L. 1985. The utilization of arid land agronomic practices for jojoba
plantation development. Pages 101 -109 in J. Wisniak and J. Zabicky, eds., Jojoba:
Proceedings of the Sixth International Conference on Jojoba and Its Uses, October 21 -26,
1984. Ben- Gurion University, Beer - Sheva, Israel. 453p.

Jojoba offers potential for arid land agriculture and provides good economic yield forecast
for harvest index in desert environments where other plants have not been successful. With
proper arid -land agronomic cultural practices, management, plant selection and breeding, and
proper farming practices all may prove to be very successful in jojoba. plantation
development. Jojoba may also be useful in land reclamation.

Keywords: plantation establishment; plantation management; land management; desertification

131 Madeley, J. 1982. Fighting the desert profitably: Jojoba's potential. Mazingira
6(2):50 -57.

Jojoba may play an important role in helping to stop the creep of desert sand into arable
land. The crops from jojoba may prove to be a useful renewable energy source produced in
the developing world.

Keywords: desertification; energy; land management

132 Mann, H. S. and Muthana, K. D. 1982. Jojoba - its prospects in Indian arid zone.
My/orest 6:71-79.
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General discussion of jojoba is given along with information on pollination, nursery
techniques, planting techniques, and performance trials.

Keywords: general information; India; pollination

133 Manolo, R. A. 1985. Jojoba marketing. Pages 433 -436 in J. Wisniak and J. Zabickv_
eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and Its Uses,
October 21 -26, 1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

Since 1982, So -Cal Jojoba has been engaged in selling jojoba oil to the Far East and Europe.
Japan is the major importer of jojoba oil due to the early introduction of jojoba in Japan
and the refined processing performed by its main cosmetic company (KOEI Perfumery).
Competition from the synthetic /substitutes of jojoba oil is making inroads in the potential
markets for jojoba oil. A major marketing effort is needed by the countries producing
jojoba oils in educating and substantiating the claims made for the properties of jojoba oil
for many industries it addresses. Sustained attendance/exhibiting at chemical shows in the
United States, Far East and Europe, together with adequate advertising on specialized
chemical, natural foods, cosmetics, and lubrication applications is necessary. Consistency of
quality is very important. Unfortunately, some producers or sellers of jojoba oil have sold
adulterated products and used improper laboratory analysis for "one-shot-deals".

Keywords: market demand; commercial standards; product development

134 Manos, C. G., et al. 1986. Toxicologic studies with lambs fed jojoba meal
supplemented rations. Journal of Agricultural and Food Chemistry 34(5):801 -805.

Jojoba meal was incorporated as 5 percent and 10 percent of the ration and fed to wether
and ewe lambs. Residues of simmondsin and simmondsin 2' - ferulate as determined by
high - pressure liquid chromatography were not detected in kidney, liver, muscle, or blood of
sheep fed jojoba meal. No direct- acting mutagens or promutagens were found in the jojoba
meal or rations. Liver protein and aminopyrene N- demethylase activity were significantly
lower in the rams fed the 10 percent jojoba meal ration. Organ function tests showed a
significantly decreased Blood Urea Nitrogen and significantly increased Gamma Glutamyl
Transpeptidase in the ewes fed the jojoba rations compared to the respective controls. No
changes in tissue ultrastructure were observed when examined by electron microscopy for
any of the dietary treatment groups. Combining jojoba meal with green chopped corn
appears to improve its palatability for lambs.

Keywords: feeding experiments; toxicity; iambs

135 Mutin, G. 1983. Reflexions sur les cultures oleagineuses energetiques: 1. Le jojoba
(Simmondsia chinensis): Un lubrifiant d'avenir. [Reflections on oil crops as sources of
energy. I. Jojoba (Simmondsia chinensis), a lubricant of the future]. Oleagineux 38(6):387-
392. (French with English summary.)

It is only in the last few years that public interest has been awakened in a modest oil -
yielding shrub of the desert regions of California, Arizona, and Mexico. This interest would
seem to be justified in view of the qualities of the oil, which is altogether similar to sperm
whale oil, and the possibilities it offers, notably as a lubricant. It also has the added
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benefit of acting against desertification and as an ally in the reclamation of climatically
underprivileged regions.

Keywords: energy; lubricants; desertification

136 McKeown, E. C. 1983. Cosmetic industry marketing considerations for the jojoba
supplier. Pages 259 -262 in A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982:
Proceedings of the Fifth International Conference on Jojoba and Its Uses. University of
Arizona, Office of Arid Lands Studies and Division of Continuing Education, Tucson,
Arizona. 295p.

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.

Keywords: cosmetics; market demand; product development; commercial standards

137 M'Closkey, R. T. 1983. Perognathus baileyi and jojoba (Simmondsia chinensis): A test
of their association. Journal of Mammalogy 64(3):499 -501.

The presence or absence of jojoba does not account for the distribution of Perognathus
baileyi.

Keywords: ecology

138 Merrill, R. C., Tryon, J. L. and McMeen, D. W. 1985. Mechanical harvesting of jojoba
with the Littau harvester. Pages 153 -155 in J. Wisniak and J. Zabicky, eds., Jojoba:
Proceedings of the Sixth International Conference on Jojoba and Its Uses, October 21 -26,
1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

Black Hills Ranch, in association with Murray & Teague Association, undertook the
harvesting of plantations located in Hyder, Arizona, with the Littau harvester in the summer
of 1984. The following was monitored: 1) the overall yields on each of the target
plantations, 2) the possible difference in yields caused by the difference in exposure from
the east side of the bushes to the west side, 3) the efficiency of the Littau harvester with
respect to recovery and economy, and 4) a pruning configuration to see if increases in
recovery could be achieved.

Keywords: mechanical harvesting equipment

139 Miwa, T. K. 1984. Structural determination and uses of jojoba oil. Journal of the
American Oil Chemists' Society 61(2):407 -410.

The predominating molecular species in jojoba oil is cis -l3- docosenyl cis- ll- eicosenoate
(erucyl jojobenoate), ranging from 31 to 45 percent of the extracted seed oil. Other
alcohol /acid combinations contribute to the C42 molecular chain length so that this fraction
constitutes a low of 41 percent to a high of 57 percent of the total wax esters. The
positions of the exclusively cis ethylenic bonds in the alcohol and acid moieties of the wax
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esters are 99 percent omega -9 and 1 percent omega -7. Only 2 percent of the alcohol and
acid moieties were saturated when analyzed after saponification of the oil. Triglycerides
were detected by gas chromatography in all of the more than 200 natural jojoba oil samples
tested, a few of which had substantially more than the normal 1 percent. The two most
promising uses of jojoba oil are the sulfurized oil as extreme - pressure /extreme - temperature
lubricant additive and the natural or refined oil formulated into cosmetic products.

Keywords: product development; chemical composition; chemical structure; oil uses

140 Mosjidis, J. A. 1985. Detection and control of sandblast injury to jojoba (Simmondsia
chinensis [Link] Schneider) seedlings. Desert Plants 7(1):25 -26.

Injury to jojoba seedlings and cuttings caused by windblown sand in the area of Ford Dry
Lake, Riverside, California, is described. After wind erosion was reduced by a cover crop,
some jojoba seedlings were able to grow back despite having dead leaves and stems, or
having their roots exposed up to three centimeters below the cotyledons. Barley was found
to be successful in reducing sand movement in the field.

Keywords: desertification; California; seedlings

141 Mosovich, B. 1985. Treatment of acne and psoriasis. Pages 393 -397 in J. Wisniak -and
J. Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and
Its Uses, October 21 -26, 1984. Ben- Gurion University, Beer - Sheva, Israel. 453p.

Jojoba oil and its hydrogenation derivatives are stable to radiation and thermal treatment,
and do not become rancid. The physical and chemical properties of these substances make
possible their application on skin for cosmetic use and the treatment of various
dermatological conditions. Waxes, and especially the liquid ones such as jojoba oil, are
absorbed by the skin without irritating effects, due to their analogy with epidermal lipids.

Keywords: cosmetics; thermal properties; lipids

142 Murrieta, X. 1985. Prospects for jojoba in Mexico - twelve years later. Pages 33 -38
in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses. October 21 -26, 1984. Ben - Gurion University, Beer -
Sheva, Israel. 45.3p.

After 12 years of efforts in Mexico on research, harvesting, promotion, cultivation,
extraction, and commercialization of seed and oil, this country has been able to establish
the foundation of a jojoba -based industry. This industry is based on at least 250,000
hectares of wild populations of jojoba with potential for harvesting, approximately 5,000
hectares of intensive plantations of both dry farmed and irrigated plantations. For the
extraction of the oil there are at least five major centers for processing the seed.
Estimated production from intensive plantations will be approximately 300 tons of seed or
40,000 gallons of oil for 1984 and 6,200 tons of seed or 850,000 gallons of oil for 1990.
However, there is doubt as to who will be buying the oil. For jojoba to reach the wide
mass market of lubricants and hard waxes, the following is required: prices below $2.00 a
pound, a constant and assured supply, and high - volume production.

Keywords: Mexico; native populations; plantation establishment; seed yield; lubricants;
market demand
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143 National Research Council. 1983. Jojoba: New Crop for Arid Lands, New Raw
Material for Industry. National Academy Press, Washington, D.C. 102p.

This book give current information on jojoba including production, uses, markets. and
industry needs.

Keywords: general information; market demand; oil uses; commercial production

144 Nerd, A. and Benzioni, A. 1985. Effects of water deficits and of fruit filling on
vegetative growth of jojoba. Pages 193 -200 in J. Wisniak and J. Zabicky, eds., Jojoba:
Proceedings of the Sixth International Conference on Jojoba and Its Uses, October 21 -26,
1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

The effects of water deficit and fruit load on the vegetative growth of jojoba were studied.
In nonirrigated fruiting and defruited plants, growth stops in June when the xylem water
potential measured at dawn declines below the osmotic pressure at the point of turgor loss.
Osmotic adjustment during the summer enables some resumption of growth at low xylem
water potential values in the autumn. Irrigated plants grow throughout the warm season
when defruited, but competition for assimilates evidently inhibits growth during the period
of fruit filling. Fruit growth was not affected by water deficit, since fruits apparently have
a high resistance to the loss of water.

Keywords: plant growth; fruiting; water use; water stress; vegetative propagation

145 Nerd, A., Benzioni, A. and Mizrahi, Y. 1983. Effect of water regimes on water status,
growth, yield and carbohydrate turnover of jojoba plants. Pages 101 -110 in A. Elias -Cesnik.
ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International Conference
on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and Division of
Continuing Education, Tucson, Arizona. 295p.

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.

Keywords: water use; Israel; water stress

146 Ngoupayou, J. D. N., Maiorino, P. M. and Reid, B. L. 1982. Jojoba meal in poultry
diets. Poultry Science 61(8):1692 -1696.

Five experiments were conducted to evaluate the supplemental value of detoxified jojoba
meal for broiler chick performance. Meals subjected to solvent- extraction, heat and
chemical treatments, including Lactobacilli treatments. were used. Detoxified jojoba meal
failed to support maximum growth, reflecting its low nutritive value.

Keywords: seed meal; feeding experiments; poultry
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147 Niklas, K. J. and Buchmann, S. L. 1985. Aerodynamics of wind pollination in
Simmondsia chinensis (Link) Schneider. American Journal of Botany 72(4):530 -539.

Wind tunnel analysis of jojoba were conducted to quantify the behavior of airborne pollen
grains around individual branches and leaves and near individual carpellate flowers.
Concluded by visualization of individual pollen grain trajectories pollen deposition on
stigmatic surfaces is influenced by large -scale aerodynamic patterns, generated by foliage
leaves, and small -scale air flow patterns, formed around and by floral parts and stigmas.
Leaves are seen to deflect airborne pollen grains into trajectories which intersect ambient
airflow at 90° angles, showering decumbent carpellate flowers with pollen. Flowers also
deflect pollen upward and downwind, toward other flowers.

Keywords: pollination; pollen; flowers

148 Nowicke J. W. and Skvarla, J. J. 1984. Pollen morphology and the relationships of
Simmondsia chinensis to the order euphorbiales. American Journal of Botany 71(2):210 -215.

Pollen from Simmondsia chinensis was examined in light microscopy (LM), scanning electron
microscopy (SEM), and transmission electron microscopy (TEM). Pollen is shed as monads,
triangular in shape in polar view, with a 3- porate aperture type in which the pores are
large and poorly defined. The tectum is irregularly scabrate, sometimes forming minute
"islands" topped with spinules. In thin section, the endexine is thickened and lamellate in
the aperture regions, and narrow in the mesoporus; the foot layer is well defined, but
noticeably thicker in the mesoporus; and thin columellae support an essentially complete
tectum. For the most part. pollen morphology supports the treatment of Simmondsia as a
monotypic family, Simmondsiaceae.

Keywords: pollen; scanning electron micrography; taxonomy

149 Nzima, M. D. S. 1984. Jojoba in Zimbabwe: Its establishment and early growth.
Zimbabwe Agricultural Journal 81(5):181- 185.

Ten observation plots were planted in 1980 at Beitbridge, Chesa Forest, Chiredzi, Forest
Hill, Fort Rixon, Kezi, Marondera, and Mtao to gather basic information on jojoba's
response to environmental conditions of potential cultivation areas. Plant growth rates at
all the sites ranged from less than 10 centimeters per year to more than 70 centimeters per
year. Male plants flowered earlier than females, primarily during their second year of
growth. Individual plants differed in the length of time required to anthesis. Geographic
location influenced this variation.

Keywords: Zimbabwe; plant growth; plantation establishment; cultivation

150 O'Brien, W. H. 1983. Five -year projected cash outlay of a commercial jojoba
plantation. Pages 167-167 in A. Elias- Cesnik, ed.. Jojoba and its Uses Through 1982:
Proceedings of the Fifth International Conference on Jojoba and Its Uses. University of
Arizona. Office of Arid Lands Studies and Division of Continuing Education, Tucson,
Arizona. 295p.

Variables affecting per -acre costs of 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
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the minimum economical size to manage efficiently. Because of the five -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.

Keywords: commercial production; irrigation; plantation management; cost analysis

151 Office of Arid Lands Studies. 1982. Jojoba: What is it? The Boxwood Bulletin
22(1):11 -12.

General information on the plant and properties of its by- products.

Keywords: product development; general information

152 Orum, T. V., Alcorn, S. M. and Palzkill, D. A. 1983. Epidemiology of Verticillium
dahliae in a jojoba planting near Bakersfield, California. Pages 43 -47 in A. Elias - Cesnik,
ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International Conference
on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and Division of
Continuing Education, Tucson, Arizona. 295p.

Verticillium dahliae has been isolated from naturally infected jojoba plants. 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 the number of plants in the field with symptoms is small but is increasing with
time. Plants with symptoms are distributed throughout the field; 17 died. Some plants
observed with symptoms 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.

Keywords: Verticillium dahliae; diseases; California

153 Palzkill, D. A. and Hogan, L. 1983. Jojoba seed yield from a seedling planting at
Mesa, Arizona, and from a cutting -grown planting near Bakersfield, California. Pages 231-
236 in A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth
International Conference on Jojoba and Its Uses. University of Arizona, Office of Arid
Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p.

Beginning in 1976, jojoba plantings were established at several locations in Arizona to
determine where jojoba could be cultivated and to identify superior genotypes in terms of
yield, wax percentage, frost tolerance, shape, and other characteristics. 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.

Keywords: seed yield; California; Arizona; seedlings; rooting

154 Patton, D. R., et al. 1986. Management and Utilization of Arid Land Plants:
Symposium Proceedings / Reunion Sobre Manejo y Utilizacion de las Plantas de Zonas
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Aridas. General Technical Report RM-135. U.S. Department of Agriculture, Forest Service.
Rocky Mountain Forest and Range Experiment Station, Fort Collins, Colorado 113p. (Spanish
or English.)

These proceedings contain 19 papers presented as part of a continuing cooperative effort in
forestry and related resources between Mexico and the United States. Primary species
discussed include jojoba. guayule, palms, prickly pear, candelilla, mesquite, buffalo gourd.
creosote bush. Indian ricegrass, and yerba del manso.

Keywords: desert plants; conferences

155 Pinto, J. D. and Frommer, S. I. 1984. Laboratory and field observations on the life
history of Epinotia kasloana McDunnough ( Lepidoptera :Tortricidae:Olethreutinae), a moth
feeding on jojoba (Simmondsia chinensis [Link] Schneider). Proceedings of the Entomological
Society of Washington 86(1):199 -209.

Larvae of the olethreutine moth Epinotia kasloana McDunnough feed on male flowers,
developing fruits and leaves of jojoba and species of Ceanothus. There are five larval
instars. After feeding, fifth instar larvae drop to the ground and construct a hibernaculum
in which they remain throughout the summer months. Pupation occurs primarily on leaves
and is more common on male plants.

Keywords: pests; flowers; insects

156 Pioch, D., Pina, M. and Graille, J. 1986. Acides et alcools gras de la cire de jojoba:
Analyse simple et rapide. Revue Francaise de Corps Gras 33(8/9):319 -321. (In French.)

This analytical method includes a single step derivation of the jojoba wax components as
fatty acid ethyl esters and free fatty alcohols which are simultaneously analyzed by a single
gas liquid chromatography injection. It is a variant of a recently published method suitable
for series analysis; the main improvements are simplification of the sample preparation and
reduction of the complete analysis duration below two hours.

Keywords: analytical techniques; derivatives; fatty acids; esters; alcohols; gas
chromatography

157 Prasad, V. V. and Iyengar, E. R. R. 1982. Physiological differences in the male and
female plants of jojoba (Simmondsia chinensis Link). Current Science 51(21):1039-1040.

Fully expanded leaves of 2.5- year -old jojoba plants showed that female plants accumulate
more total soluble sugars than male plants. The DNA content in leaves of staminate plants
was lower than in pistillate plants, while RNA was synthesized more intensively in leaves of
pistillate plants. Female plants also showed a rise in the total protein content.

Keywords: physiology; sex determination; chemical composition

158 Prasad, V. and lyengar, E. R. R. 1985. Phenology and biochemical changes in male
and female shrubs of jojoba. Simmondsia chinensis (Link) Schneider. during different seasons.
Proceedings of the Indian Academy of Science (Plant Sciences) 95(3):203 -211.
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Phenological and biochemical characteristics of male and female plants were studied during
different seasons. Phenological studies indicated that flowering and fruiting behavior of this
species in the semiarid conditions of India change considerably with continuous flower
formation and. two fruiting cycles in a year. Marked differences in the carbohydrates,
proteins, and nucleic acids were observed between sexes and during different seasons.
Pistillate plants had greater metabolic activities with more DNA and RNA than staminate
shrubs.

Keywords: flowering; fruiting; India

159 Purcell, H. 1985. Jojoba Growers Association's jojoba seed and oil standards
committee progress. Pages 299 -303 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings
of the Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben -
Gurion University, Beer - Sheva, Israel. 453p.

Methods to measure jojoba seed and oil quality and purity by means of simple, rapid, and
inexpensive -equipment are being sought. Seeds that are green, damaged, inadequately dried,
or that contain excessive amounts of foliage are more susceptible to enzymatic action and
mold growth. This results in higher free fatty acid values in the oil. Until additional
analytical methods are available, continued reliance on how seed and oil look, smell, and
feel will be necessary. The buyer's trust and confidence in the warranty of the seller will
always be important. Technical methodology facilitates those transactions by better defining
the quality of jojoba oil.

Keywords: commercial standards; analytical techniques

160 Ramonet, R. R. 1986. El cultivo de la jojoba en el noroeste de Mexico. Pages 24 -28
in Management and Utilization of Arid Land Plants: Symposium proceedings. U.S.
Department of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment
Station, Fort Collins, Colorado. 113p. (Spanish with English summary.)

Past research has indicated that there is a great potential for the commercialization of
jojoba. Ecological studies have placed their emphasis on production technology. Current
research programs seek to find other plants that possess favorable production and
propagation characteristics.

Keywords: Mexico; commercial production; propagation

161 Ramonet, R. R. and Morales, A. M. 1985. Seed yield variability and selection criterion
of jojoba clones in Mexico. Pages 279 -285 in J. Wisniak and J. Zabicky, eds., Jojoba:
Proceedings of the Sixth International Conference on Jojoba and Its Uses, October 21 -26,
1984. Ben -Gurion University, Beer- Sheva, Israel. 453p.

In order to increase jojoba productivity, improved uniformity in the plantings, and stability
in seed yield, 13 outstanding female plants were selected and vegetatively propagated for
clonal evaluation. In addition, pollinators were evaluated to define an adequate selection
criterion. The 13 female clones yielded earlier and higher than seedling plants. Clones
averaged 138 grams during the first harvest in the second year of growth, and 578 grams
the next year. The group of best- producing clones averages 220 and 711 grams in both
harvests respectively. Clones were uniform in flowering, plant shape, and plant size.
Variability in seed yield was 60 percent. It is concluded that the ability of a given
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pollinator to induce higher percentage of fruit set must be used as a selection criterion.
Since fruit set was significantly affected by the genetic source of pollen it is suggested that
variability in seed yield of jojoba clones may be explained by the large genetic variability of
the pollen source prevailing in this experiment.

Keywords: vegetative propagation; seed yield; Mexico; fruiting

162 Ranhotra, G. S., et al. 1986. Usable energy value of jojoba oil. Cereal Chemistry
63(5):459 -461.

For possible use in reduced -calorie baked foods, jojoba oil was assessed for its usable
energy value. Weanling rats were fed diets 24 percent soybean oil. It was increasingly
replaced with jojoba oil. At levels up to 9 percent jojoba oil in the diet, the lean body
mass of the rats was little affected, while their body fat content declined substantially.
Based on these and other response parameters measured, jojoba oil was estimated to contain
very little usable energy.

Keywords: product development; feeding experiments; rodents; energy; foods(human); soybean
oil

163 Rao, S. N., Raju, P. V. and [yengar, E. R. R. 1983. Studies on jojoba under sub -humid
climate of Orissa. Transactions of the Indian Society of Desert Technology and University
Centre of Desert Studies 8(1):148 -151.

Jojoba was introduced on the coastal dune sand under sub -humid climatic conditions of
Orissa in Ganjam district. The occurrence of different types of jojoba plants was studied.
The species presents wide variations in its morphological characters like the habit.
branching, internodal gap, leaf size, shape, and phyllotaxy.

Keywords: India; plant morphology; plant introduction

164 Rawles, R. L. 1983. Historical introduction to jojoba. Pages 113-114 in A. Elias -
Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International
Conference on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and
Division of Continuing Education, Tucson, Arizona. 295p.

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.

Keywords: history; plant uses; plant introduction

165 Reames, A. 1985. Vegetable intercrop for jojoba. Pages 133 -145 in J. Wisniak and J.
Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and Its
Uses, October 21 -26, 1984. Ben - Gurion University, Beer- Sheva, Israel. 453p.

The subject of intercropping is controversial, since the results have been generally
undocumented. Aljoba Research. Inc. has developed and continues to operate 420 acres of
jojoba intercropped with asparagus at Desert Center. California. Four separate plantings
were established from 1980 to 1982, encompassing a variety of field designs, soil types and
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planting schedules. Asparagus was commercially harvested in 1983 and 1984. Aljoba
Research, Inc. postulates a system of analysis of the factors to be considered in evaluating
an intercrop potential, suggesting vegetables as a favorable choice. Key issues are the
existence of cultural benefits to the jojoba plants, earlier and increased economic returns,
and where desirable, the likelihood of enhanced investor interest through risk reduction.
investment flexibility, and tax benefits.

Keywords: intercropping; economics; investment

166 Roundy, B. A., Ruyle, G. B. and Ard, J. 1986. Estimating production and utilization of
jojoba. Pages 17 -23 in Management and Utilization of Arid Land Plants: Symposium
proceedings. U.S. Department of Agriculture, Forest Service, Rocky Mountain Forest and
Range Experiment Station, Fort Collins, Colorado. 113p. (English with Spanish summary.)

Twig weights of jojoba from three sites in southern Arizona were highly correlated with the
square of twig internode diameter. Diameter measurements can be used to estimate the
production of this crop and its utilization by livestock and wildlife. Utilization estimates
based on percentage of twigs browsed may be inaccurate.

Keywords: livestock; forage; Arizona

167 Rymon, D. 1985. An evaluation of investment in jojoba plantations in different agro-
economic environments. Pages 437 -442 in J. Wisniak and J. Zabicky, eds., Jojoba:
Proceedings of the Sixth International Conference on Jojoba and Its Uses, October 21 -26,
1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

The objective of this paper is to describe the anticipated developments in relation to
growing jojoba in arid environments, and to determine the various possibilities for achieving
profitability under different agro- economic conditions. It should be pointed out that this
study addresses itself to the question of adaptation of a native plant to agriculture, without
attempting to evaluate the comparative advantage of such a plant among other crops under
various agro- economic conditions.

Keywords: cost analysis; investment; plantation establishment

168 Sarig, Y., et al. 1984. Mechanical harvesting of jojoba beans. Pages 178 -186 in Fruit.
Nut, and Vegetable Harvesting Mechanization, American Society of Agricultural Engineers.

Jojoba is an energy- related crop whose unique characteristics and diversified uses give
promise of a lucrative potential. Nevertheless, it is widely accepted that large -scale
harvesting of jojoba beans is feasible only by mechanical methods. The experimental
harvester consists of an over - the -row prime mover, a designated detachment module and a
collecting system.

Keywords: mechanical harvesting equipment

169 Sarig, Y., et al. 1985. The development of a mechanical jojoba harvester. Pages 157-
161 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer -
Sheva, Israel. 453p.
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It is widely accepted that large -scale harvesting of jojoba beans is feasible only by
mechanical methods. Preliminary investigations into jojoba harvesting consisted of.
evaluation 'of various tentative harvesting methods, pull -force measurements and their
dependence on various physiological characteristics of the plant. Following the construction
of several experimental harvesting devices -- utilized for deriving the optimal dynamic
parameters- -a first generation fully mechanized prototype was built. The machine consists
of an over- the -row prime mover, a designated detachment module and a collecting system.
The machine is currently being tested and evaluated for its fruit recovery and field
capacities.

Keywords: mechanical harvesting equipment

170 Schmidt, J. O. and Buchmann, S. L. 1983. Jojoba - -An excellent, little known pollen
plant for bees. American Bee Journal 123(5):379 -382.

Jojoba is among the very first plant to bloom in the spring. It produces abundant quantities
of pollen that are readily collected by honey bees. The free pollen contains 31 to 34
percent protein. When compared with 22 other pollen species in feeding trials, jojoba was
the most preferred species. Thus, jojoba would be an excellent honey bee plant.

Keywords: pollen; pollination; bees; proteins

171 Secretaria de Agricultura y Recursos Hidraulicos, Instituto Nacional de Investigaciones
Forestales (INIF). 1981. La Reunion Nacional Sobre Jojoba. INIF, Publicacion especial No.
30, Mexico, D.F. 276 p. (In Spanish.)

Proceedings of the First National Jojoba Conference (La Paz, Baja California Sur, Mexico:
June 25 -28, 1980).

Keywords: Mexico; economic development; plantation establishment; conferences

172 Sepulveda, J. I. B. 1986. Manejo de poblaciones silvestres de jojoba en Baja
California. Pages 13 -16 in Management and Utilization of Arid Land Plants: Symposium
proceedings. U.S. Department of Agriculture, Forest Service, Rocky Mountain Forest and
Range Experiment Station, Fort Collins, Colorado. 113p. (Spanish with English summary.)

Wild populations are a source of germplasm to be used in commercialization of future crops.
In order to establish guidelines it is necessary to: 1) inventory natural populations, areas of
distribution, 2) establish protected sites for making phenological observations, and 3) select
areas for reforestation by appropriate agencies. Coordination of management activities by
agencies is vital for the future.

Keywords: Baja California; germplasm; native populations; land management

173 Shah, A. and Stegemann, H. 1983. Proteins of jojoba beans (Simmondsia chinensis),
extraction and characterization by electrophoresis. Journal of Agronomy and Crop Science
152:39 -47.

Jojoba seed meal, defatted with ethylacetate and acetone, was extracted with water.
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Tris- borate - buffer. sodium dodecyl- sulfate (SDS). urea and a mixture of urea /ampholyte or
urea /ampholyte /2- mercaptoethanol (ME). The protein content of the extracts, determined
with an SDS- compatible Biuret method, ranged from 26 to 32 percent. Proteins were,
characterized by 'different gel -electrophoretic methods. The largest number of proteins
especially with high molecular weights were observed in the urea/ampholyte/ME extract, as
revealed by Porositygradient PAGE (PoroPAGE) and Mapping. Intermolecular S -S linkages.
cleaved by ME, occurred only in low -molecular weight proteins as seen in
SDS -polyacrylamide gel electrophoresis (PAGE) and SDS -PoroPAGE.

Keywords: seed meal; extracts; proteins

174 Shani, A. 1983. Chemical transformation of jojoba oil. Part II. Pages 33 -42 in A.
Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International
Conference on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and
Division of Continuing Education, Tucson, Arizona. 295p.

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. 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.

Keywords: chemical reactions; derivatives

175 Shani, A. 1983. Jojoba oil and some of its derivatives in cosmetic and health
products. Soap /Cosmetics/Chemical Specialties 59(7):42 -43.

Cosmetic shipments totaled $9.8 billion in 1982 and are expected to grow at an annual rate
of two percent through 1987. The jojoba oil share of the cosmetic market is small but
growing fast. Jojoba seems to be appropriate for cosmetic applications because it penetrates
skin quickly; it is also suitable as a moisturizer in hair shampoos and conditioners.

Keywords: cosmetics; derivatives; market demand; oil uses

176 Shand, A. 1986. Functionalization at the double -bond region of jojoba wax. 4. All -
trans- jojoba wax and its derivatives. Industrial and Engineering Chemistry, Products
Research and Development 25(1):78 -82.

Anti halogen addition to the cis double bonds of liquid jojoba wax, followed by substitution
and elimination, yielded solid all- trans- jojoba wax, with E configuration of the double bonds.
in better than 95 percent purity, while raising the melting point of the solid wax to 52-
54°C. This product served as a starting material for preparation of many of the derivatives
that had previously been synthesized from the liquid wax and from partially isomerized
jojoba wax, thus completing three series of derivatives of jojoba wax based on cis, cis /trans
mixture, and all -trans double -bond configurations.

Keywords: derivatives; chemical composition
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177 Sitton, D., Yaron, A. and Roth -Bejerano, N. 1985. Role of glyoxylate cycle enzymes in
germinating seeds of jojoba (Simmondsia chinensis). Pages 225 -231 in J. Wisniak and J.
Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba.and Its
Uses, Octot*r 21 -26, 1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

It is already established that the products of the metabolic breakdown of the waxes in the
germinating seeds of jojoba supply the energy and metabolites for the developing seedling.
The glyoxylate cycle has a major role in those metabolic processes. To examine the kinetics
by which the glyoxylate cycle is involved in the process of germination seed of jojoba, the
enzymes isocitrate lyase and malate synthetase were assayed in various stages of
germination. It was found that the activity of isocitrate lyase and malate synthetase
increased manifold from the seventh day of germination until the 15 -20th day. Then it
started to decline sharply. Sucrose density gradient studies support the assumption that
isocitrate lyase, malate synthetase, and catalase in jojoba are associated with organelles
similar or even identical to glyoxysomes.

Keywords: germination; enzymes; sucrose

178 Smith, N. G., Jr. 1985. A new planting concept for jojoba. Pages 91-100 in J.
Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on
Jojoba and Its Uses, October 21 -26, 1984. Ben -Gurion University, Beer- Sheva, Israel. 453p.

A new planting concept for establishing a jojoba plantation is presented. It is designed to
overcome the currently observed limitations to jojoba yields in the experimental commercial
plantations. The concept makes use of cloned superior male and female varieties that are
emerging from the various breeding programs and the ability to plant to a specified design.
The design is a modified form of planting on the hexagon. with an early and a late
blooming variety male planted in the center of the hexagon. This permits each female to
have direct access to the pollinators. The advantages and disadvantages of the concept are
discussed. The experimental nature of the concept is emphasized.

Keywords: commercial production; plantation management

179 Smith, N. C., Jr. 1985. Jojoba - the present status of the industry and its ability to
meet lower prices. Pages 443 -452 in J. Wisniak and J. Zabicky, eds.. Jojoba: Proceedings of
the Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion
University, Beer - Sheva, Israel. 453p.

The market aspects of jojoba have received little attention, though the first requirement for
the development of a new agro- industry is that there be a market for the product once it
has been produced. With the short -term, limited lucrative markets preempted by the
presently established plantations this requirement needs examination. This study is
essentially an economic analysis of the requirements that jojoba must meet if it is to
penetrate the extensive lubricant markets on a competitive basis with a profit to the
grower. The paper presents a model that any grower or investor can apply to his own
particular situation. As the economics of a jojoba plantation fundamentally depend upon
yield, this aspect is highlighted.

Keywords: market demand; cost analysis; lubricants; seed yield
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180 Spinzi, J. G. 1985. Jojoba: Una nueva planta potencial para El Paraguay. Pages 1 5 -
32 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer -
Sheva, Israel. -453p. (In Spanish.)

The Chaco region, in West Paraguay, has equivalent latitudes to the Sonora Desert. This
region has a subregion of 130,400 square kilometers classified as semiarid megathermal,
known as the Dry Chaco, which is considered by experts as one of the best zones in the
world for growing jojoba. This paper presents basic data on Paraguay's potential for jojoba
production. Factors considered were: soils, rainfall distribution, temperature, solar tight,
low cost of land, labor, reduced taxes and excellent crop growth.

Keywords: Paraguay; plant introduction

181 Srivastava, G. S. and Chaturvedi, H. C. 1982. A Coordinated Project on Introduction.
Evaluation, Cultivation and Propagation of Jojoba Plant. National Botanical Research
Institute, Lucknow and Department of Science and Technology, Government of India, New
Delhi. 23p.

A progress report of germination and propagation studies performed at the National
Botanical Research Institute.

Keywords: India; germination; propagation

182 Stahl, E., Quirin, K. W. and Gerard, D. 1983. Solubilities of soybean oil, jojoba oil
and cuticular wax in dense carbon dioxide. Fette Seifen .4nstrochmittel 12:458 -463.

The solubility of jojoba oil in dense carbon dioxide has been investigated by a dynamic
method between 100 and 2600 bar and at temperatures within the range 20 °C to 80 °C. The
solubility isotherms and isobars of jojoba oil were compared with those of soybean oil. The
appearance of solubility maxima was demonstrated for both cases in the high pressure
region. To optimize the precipitation conditions, the solubility of cuticular wax in the low
pressure region was studied as a function of temperature, which was compared with the
behavior of typical essential oil components. The available differences can be used for an
effective precipitation of wax from essential oils.

Keywords: oil; solubility; soybean oil; chemical composition

183 Storey, R., et al. 1983. Analyses of selected nutritional and anti - nutritional factors in
jojoba seed from the United States and Mexico. Pages 21 -31 in A. Elias -Cesnik, ed., Jojoba
and its Uses Through 1982: Proceedings of the Fifth International Conference on Jojoba
and Its Uses. University of Arizona, Office of Arid Lands Studies and Division of
Continuing Education, Tucson, Arizona. 295p.

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
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heat and should not present a dietary problem in properly processed meal. These studies
suggest that jojoba meal contains adequate levels of nutrient minerals, protein, and essential
amino acids to serve as an animal feed.

Keywords: seed meal; proteins; seeds; nutrients

184 Stucker, B. S. and Fleming, J. C. 1983. The development of a U.S. jojoba industry.
Pages 14-17 in Oil Crops: Outlook and Situation Report, U.S. Department of Agriculture.
Economic Research Service, Report OCS -2. 32p.

The seeds from jojoba contain an oil that is really a liquid wax. having properties that
make jojoba oil interchangeable with sperm whale oil. Commercial United States production
is in the infancy stage, but extensive research indicates that a promising market will exist
for jojoba in the near future. Successful plant breeding and efficient mechanical harvesting
are two major steps that will accelerate commercial production of jojoba.

Keywords: native populations; plantation establishment; commercial production

185 Studer, A. and Traitler, H. 1985. In- product jojoba determination using anticircular
high performance thin layer chromatography. Journal of High Resolution Chromatography &
Chromatography Communications 8:19 -22.

Cosmetic creams were analyzed for their content of jojoba wax and shea fat using
anticircular high performance thin layer chromatography. After optimization of the petrol
ether /diethyl ether solvent system for the separation of jojoba wax and shea fat, the spots
were visualized with phosphomolybdic acid by the "dip-in" technique, subsequently heated,
and finally recorded by scanning with a densitometer at 546 nm. Results showed that one
particular concentration range gives an optimum correlation between calibration curves and
sample evaluations.

Keywords: thin layer chromatography; cosmetics

186 Summers, L. L., et al. 1985. The use of NAA to control basal sprouting on pruned
jojoba. Pages 165 -169 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth
International Conference on Jojoba and Its Uses, October 21 -26. 1984. Ben- Gurion
University, Beer- Sheva, Israel. 453p.

Pruning of jojoba has been recommended to keep the base of plants clear in order to
facilitate harvesting and weed control. Pruning of jojoba, however, can result in promoting
new sprouts at the base of the plant and on cut branches. The ethyl ester and sodium salt
of naphthalene acetic acid (NAA) were applied in aqueous spray in concentrations of 0.5
percent, 1 percent, 1.5 percent, and 2 percent to the base of pruned jojoba plants. All
concentrations of both formulations significantly prevented sprouting. At the higher
concentration levels, some bark and leaf burn were observed from the ethyl ester
formulation, but little or none from the sodium salt formulation. There was no visible
reduction in upper canopy growth in any of the trials.

Keywords: pruning; sodium; esters; plant growth
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187 Swingle, R. S., et al. 1985. An evaluation of Lactobacillus acidophilus- treated jojoba
meal in beef cattle diets. Journal of Animal Science 60(3):832 -838.

Major toxicants in jojoba meal. simmondsin and simmondsin -2' -ferulate were reduced by
incubation with Lactobacillus acidophilus 629. Acceptance of jojoba meal to ruminants was
evaluated by offering pelleted 70 percent concentrated diets containing 10 percent of
untreated jojoba meal, treated jojoba meal, or cottonseed meal to four individually fed
steers. Steers selected cottonseed meal in preference to jojoba meal but did not
discriminate between cottonseed meal and treated jojoba meal or between jojoba meal and
treated jojoba meal.

Keywords: seed meal; detoxification; fermentation; feeding experiments; livestock

188 Taguchi, M. 1985. The results of safety on Jobacohol (jojoba alcohol) for cosmetic
use. Pages 371 -391 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth
International Conference on Jojoba and Its Uses, October 21-26, 1984. Ben -Gurion
University, Beer - Sheva, Israel. 453p.

For cosmetics, various kinds of higher fatty alcohol are used as emollient agents, stabilizing
agents for emulsion and blending agents. Jojoba alcohol was produced from jojoba oil by a
sodium reduction process and it was refined for use as a cosmetic ingredient. Various kinds
of safety tests were carried out on this refined jojoba alcohol (Jobacohol). As a result,
they confirmed through every test that Jobacohol is quite superior in safety.

Keywords: cosmetics; alcohol

189 Tonnet, M. L. and Dunstone, R. L. 1984. A rapid micromethod for the quantitative
analysis of jojoba wax and its components. Journal of the American Oil Chemists' Society
61(6):1061-1064.

A method has been developed to routinely determine the wax ester composition of jojoba
wax and the ethanolysis products of these esters. Single or half seeds are crushed onto
filter paper disks to provide duplicate 10- to 20- milligram samples of the wax. One paper is
extracted with petroleum ether for wax ester analysis and the second sample is
transesterified in a sealed bottle using five percent HC1 in ethanol at 80 °C for one to two
hours. This preparation is extracted with NaCI and petroleum ether; it is neutralized with
potassium bicarbonate and dried with anhydrous sodium sulfate. The fatty acid ethyl esters
and free alcohols are determined by gas chromatography. The method requires only small
amounts of seed material, provides duplicate samples of the wax, simplifies the ethanolysis
procedures, and reduces the time needed to remove the acid catalyst.

Keywords: chemical composition; ethanolysis; esters; gas chromatography; alcohols

190 Tonnet, M. L., Dunstone, R. L. and Shani, A. 1985. Developments in the analysis of
jojoba wax. Pages 305 -309 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the
Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion
University, Beer - Sheva, Israel. 453p.

The method of analysis of jojoba wax has advanced from the purely chemical methods used
by pioneers. Percent wax can now be determined quickly and non -destructively by wide
band Nuclear Magnetic Resonance on either a bulk sample or a single seed. Improvements

51



in gas chromatography during the sixties gave a much greater knowledge of the nature of
the wax esters and their constituent acids and alcohols. Structural analysis of the wax has
been further advanced by mass spectrometry and narrow band Nuclear Magnetic Resonance.
There is still a need to reduce both the time involved in chemical procedures and the size
of sample required.

Keywords: analytical techniques; gas chromatography; mass spectrometry

191 Van Driel, D. A. 1986. Administration of jojoba harvesting on National Forest lands.
Pages 29 -31 in Management and Utilization of Arid Land Plants: Symposium proceedings.
U.S. Department of Agriculture, Forest Service. Rocky Mountain Forest and Range
Experiment Station, Fort Collins, Colorado. 113p. (English with Spanish summary.)

Increased demand for the collection :of jojoba bean on National Forest lands resulted in an
environmental study to evaluate the effects of large scale harvesting. Conclusions after
several years of harvesting were that there were minimal adverse environmental effects.

Keywords: harvesting; land management

192 Vasudeva Rao, P. H. V. and Iyengar, E. R. R. 1982. Studies in seed morphology and
germination in jojoba (Simmondsia chinensis Link). Current Science 51(10):516 -518.

A significant observation of the present investigation is the presence of vasculature in seed
coat, which is a primitive feature found in Gymnosperms and occurs rarely in Angiosperms.
The abnormal germination of the embryo after breaking the cotyledons is probably due to
the elongation of suspensor pushing embryo deep into the seed. In this process, the
orientation of embryo in relation to the polarity of the seed is disturbed resulting in
abnormal placement and hence germination.

Keywords: India; seeds; cotyledons; germination; embroyology

193 Verbiscar, A. J. and Banigan, T. F. 1982. Jojoba seed meal as an animal feed.
National Science Foundation, Washington, D.C., 183p.

Objectives of this research were to discover a practical low -cost process to detoxify jojoba
seed meal, and to test the nutritional quality of the detoxified meal in the diets of
laboratory rodents, poultry, sheep, and cattle. To monitor the various detoxification
process, four simmondsin -related toxicants were isolated from the seeds. A high
performance liquid chromatography method was developed to assay treated seed meals. Also
studied were the four cyano toxicants and the nature of the toxicity of simmondsin, the
major toxicant. Other seed components were identified in terms of their potential for
contributing to toxicity and for potential value.

Keywords: feeding experiments; seed meal; toxicity; chemical composition

194 Verbiscar, A. J. and Banigan, T. F. 1983. Jojoba meal as a livestock feed. Pages 267-
280 in A. Elias - Cesnik, ed.. Jojoba and its Uses Through 1982: Proceedings of the Fifth
International Conference on Jojoba and Its Uses. University of Arizona, Office of Arid
Lands Studies and Division of Continuing Education, Tucson. Arizona. 295p.
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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 three weeks. This
treatment improves the palatability of deoiled jojoba meal and results in a nontoxic protein
supplement feeding additive. Poultry and ruminant animals will eat diets containing five to
ten 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.

Keywords: seed meal; livestock; feeding experiments; detoxification; protein

195 Vietmeyer, N. D. 1983. The jojoba phenomenon. Pages 3 -6 in A. Elias - Cesnik, ed.,
Jojoba and its Uses Through 1982: Proceedings of the Fifth International Conference on
Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and Division of
Continuing Education, Tucson, Arizona. 295p.

This keynote address gives general background information on the quick growth of jojoba
and its potential in the cosmetic industry and other markets not yet identified.

Keywords: cosmetics; product development; general information

196 Wang, Y. C. and Janick, J. 1986. Somatic embryogenesis in jojoba. Journal of the
American Society for Horticultural Science 111(2):281 -287.

Somatic embryogenesis was induced from callus derived from immature zygotic embryos (3 -4
millimeters in length optimum) of jojoba cultured on semisolid basal medium supplemented
with 4.5 m 2,4,- dichlorophenoxyacetic. Somatic embryo initiated from single cells on the
periphery of callus passed through typical stages of embryogenesis. Embryogenic- competent
calli maintained on a medium containing 0.2 millimeters sodium bisulfite antioxidant and 4.5
or 9 m 2,4- dichlorophenoxyacetic continued to proliferate somatic embryos, but embryos
remained in an arrested state of development until 2,4- dichlorophenoxyacetic was withdrawn.

Keywords: tissue culture; asexual reproduction; embryology

197 Wang, Y. C. and Janick, J. 1986. Sucrose concentration and osmolarity as factors
affecting in vitro wax accumulation in jojoba embryos. HortScience 21(4):1048 -1049.

Immature zygotic embryos of jojoba were cultured on semisolid or in liquid basal medium for
eight weeks. On semisolid medium supplemented with 3 percent, 9 percent, or 21 percent
sucrose, zygotic embryos attained 54, 125, or 48 milligrams dry weight with 11, 42, or 19
milligrams wax esters, respectively. In liquid medium embryos attained 5, 171, or 68
milligrams dry weight with (1, 11, or 3 milligrams wax esters.) When the osmolarity of liquid
medium supplemented with 3 percent sucrose was increased with mannitol to the equivalent
of 9 percent sucrose, embryos grew to 69 milligrams and wax accumulation increased to 5
percent on a dryweight basis; on semisolid medium increase osmolarity achieved with
mannitol sucrose combinations tended to decrease growth and wax accumulation over that
achieved with sucrose alone.

Keywords: embryology; sucrose
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198 Wang, Y. C. and Janick, J. 1986. In vitro production of jojoba liquid wax by zygotic
and somatic embryos. Journal of the American Society of Horticultural Science
111(5):798 -807.

Zygotic embryos of jojoba accumulated liquid wax in vivo from 10 milligrams dry weight to
maturity with relatively constant proportions of 36 to 46 carbon length wax esters.
Immature zygotic embryos cultured on a semisolid basal medium supplemented with 15
percent sucrose for 10 weeks, reached 64.7 +20.5 milligrams se dry weight and produced 50
percent wax. Somatic embryos cultured on semisolid basal media containing 9 percent
sucrose for 12 weeks averaged 92.5 +32.7 milligrams se dry weight with 20 percent wax, 74
percent of the efficiency of zygotic embryos in vivo of the same size. The proportion of
wax esters accumulated by zygotic and somatic embryos produced in vitro was similar to
that of in vivo - produced wax.

Keywords: embryology; esters

199 Wardlaw, I. F. and Dunstone, R. L. 1984. Effect of temperature on seed development
in jojoba (Simmondsia chinensis [Link] Schneider). 1. Dry matter changes. Australian Journal
of Agricultural Research 35(5):685 -691.

Growth of the capsule and seed of jojoba was followed from pollination to maturity at eight
temperature regimens ranging from 15 °C /10 °C to 36 °C /31 °C. There was an initial lag
before the onset of rapid seed development, during which the capsule expanded, and this lag
varied from 106 days at 15 °C /10 °C to 7 days at 36 °C /31 °C. The wax concentration in the
seed was low during the initial stages of development, but reached a maximum when the
seeds were 70 -75 percent of their final dry weight. The maximum rate of dry matter
accumulation in the seed increased with temperature up to 3 3'C/28 °C but, because of the
longer growth period at low temperature, seed size at maturity was greatest at 18 /13 °C.
The current work suggests that prolonged periods with temperatures above 36 °C /31 °C, or
below 15 °C /10 °C would be harmful to the development of jojoba seed.

Keywords: seed development; temperature; seeds

200 Wardlaw, L F., et al. 1983. Jojoba: Temperature adaptation as expressed in growth
and leaf function. Australian Journal of Plant Physiology 10:299 -312.

The adaptation of jojoba to temperature was studied under controlled conditions. The
morphological and physiological attributes of jojoba indicate an adaptation to large seasonal
temperature variations through a relatively low and stable rate of physiological function
under optimal conditions rather than any active or dynamic mechanism of adaptive change.
This strategy is essentially one of adaptation for survival rather than adaptation for
production under favorable conditions.

Keywords: temperature; leaves; adaptation; Australia; plant morphology; plant pathology

201 Waser, N. M. 1984. Sex ratio variation in populations of a dioecious desert perennial,
Simmondsia chinensis. Oikos 42(3):343 -348.

A survey of sexual expression of Simmondsia chinensis during several years was conducted at
two widely separated sites. Males slightly, but consistently outnumbered females. Sex
ratios varied along moisture gradients; males tended to be strongest in the driest sites.

54



Also, sexual expression was independent of plant size and was not reliable from year to
year. Surveys alone cannot distinguish among alternative causal hypotheses, and experiments
and demographic studies will be necessary in general to elucidate variation in sexual
expression of plants.

Keywords: sex ratios

202 Weber, C. W., Berry, J. W. and Cook, E. M. 1983. Influence of jojoba meal upon
growth and reproduction in mice. Pages 93 -99 in A. Elias - Cesnik, ed:. Jojoba and its Uses
Through 1982: Proceedings of the Fifth International Conference on Jojoba and Its Uses.
University of Arizona, Office of Arid Lands Studies and Division of Continuing Education,
Tucson, Arizona. 295p.

Weaning mice were fed five dietary treatments for three weeks: 1) a control soybean, 2)
five percent jojoba meal, 3) ten percent jojoba meal, 4) an isolated simmondsin compound,
and 5) control diet pair - -fed at intake levels equal to either the five 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
three weeks. The same mice were used in the breeding experiments. They were placed on
standard laboratory food 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
versus crosses between males and females of different dietary treatments. Results of the
breeding study showed adverse effects as indicated by the lowered reproduction and the
final adult weights of the mice.

Keywords: seed meal; rodents; feeding experiments; soybean oil; breeding

203 Weng, B. A. 1983. Tax ramifications of investing in jojoba. Pages 171 -173 in A.
Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International
Conference on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and
Division of Continuing Education, Tucson, Arizona. 295p.

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.

Keywords: investment; commercial production; cultivation

204 Wheaton, E. R. 1985. Agricultural products join the industrial age. Pages 399 -405 in
J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference
on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer- Sheva. Israel.
453p.

The United States depends on other nations for petroleum. But in 1984, the U.S. Congress
passed the Critical Agricultural Materials Act. In passing this legislation, Congress
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recognized that the development of a domestic industry for the production and manufacture
from native agricultural crops or products which are of strategic and industrial importance
but for which the nation is now dependent upon foreign sources, would benefit the economy,
the defense,, and the general well -being of the United States. The three critically
"strategic" materials are natural rubber, castor oil, and sperm whale oil. It will take several
years to develop a number of the crops that can provide substitutes, however, we will be
able to produce crops that can move into the mainstream of industrial use by the end of
this decade.

Keywords: market demand; commercial production

205 Whittaker, C. A. 1983. Considerations in developing a jojoba plantation. Pages 115-
118 in A. Elias- Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth
International Conference on Jojoba and Its Uses. University of Arizona. Office of Arid
Lands Studies and Division of Continuing Education, Tucson, Arizona. 295p.

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 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 availability,
quality, and cost. Jojoba acreage currently under cultivation in the United States is
summarized.

Keywords: cultivation; plantation establishment; plantation management

206 Whittaker, C. A. and Thelander, R. B. 1985. Jojoba cultivation in the Southwestern
U.S.: Acreage, yields and cultural practices. Pages 1 -6 in J. Wisniak and J. Zabicky, eds..
Jojoba: Proceedings of the Sixth International Conference on Jojoba and Its Uses, October
21 -26, 1984. Ben - Gurion University, Beer- Sheva, Israel. 453p.

Statistics on jojoba acreage planted in the southwestern United States have been obtained
and analyzed by the Jojoba Grower's Association and will be presented in this paper by the
location of plantations, their planting dates, irrigation methods, planting stock used, and
actual yield obtained in 1984. Advances in cultural practices have been made, particularly in
regard to irrigation practices, roguing of plants from direct- seeded plantations, and pruning
and harvesting equipment. There is a need for further research to determine optimum
nutrient and water requirements, key factors affecting flowering and fruiting, and criteria
and methods for selection and propagation of improved plant material.

Keywords: cultivation; plantation management

207 Wiseman, M. O. and Price, R. L. 1987. Characterization of protein concentrates of
jojoba meal. Cereal Chemistry 64(2):91 -93.

Protein was extracted from mechanically pressed and hexane- extracted jojoba seed meal,
using different procedures. These methods involved extracting protein with water.
extracting protein with 0.15m NaC1, washing the meal with methanol /acetone (3:1) before
extracting protein with water, or then rewashing concentrate with methanol /IN HCL (98:2) .

Soluble protein content of the defatted meal was 20 percent. Procedures recovered 18 -65
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percent of the total protein. Trypsin inhibitor activity and concentrations of phytic acid,
sìmmondsin, and polyphenolics were reduced.

Keywords: proteins; seed meal

208 Wiseman, M. O. and Price, R. L. 1987. Functional properties of protein concentrates
from pressed jojoba meal. Cereal Chemistry 64(2):94 -97.

Seeds from jojoba were commercially pressed and defatted with hexane. Protein
concentrates were prepared from the oil -free meal by four methods: extracting protein with
water, extracting protein with 0.15m NaCl, after washing the meal with methanol /acetone
(3:1), extracting protein with water (SDI). and rewashing SDI with a solution of methanol
and IN HCL (98:2) (SDII). Concentrates were evaluated for properties of protein solubility,
gelation, water absorption, oil absorption. and foaming. Protein concentrates were more
soluble at alkaline pH than at neutral or acidic pH. Gelation required dispersions with at
least 6 percent protein at neutral pH and at least 20 percent protein at alkaline pH.
Capacities for absorbing oil and water were similar to soy protein concentrates. The most
stable foams were formed at pH 4. Foaming properties of SDII concentrate were further
tested at 37 °C, 55 °C, 80 °C, and 110 °C; and in the presence of sucrose, potassium acid
tartrate, and salt.

Keywords: proteins; seed meal

209 Wisniak, J. 1982. Alkylphosphonates of jojoba oil. their preparation and their use as
lubricating oil additives. Israel Patent No. 55552. (Abstract only.)

Dialkylphosphonates of jojoba oil are used for lubrication oil additives.

Keywords: chemical composition; oil; lubricants; patents

210 Wisniak, J. 1985. Chemistry and technology of jojoba oil: State of the art. Pages
311 -322 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer -
Sheva, Israel. 453p.

During the past 15 years there has been extensive activity on the analysis and chemistry of
jojoba oil. Most of the well -known reactions of double bonds and ester groups have been
tested on jojoba oil and reported in the literature. No special difficulties have been
reported and some of the intermediates have been tested as possible industrial products. A
general view of the state of the art will be presented, with special emphasis on the
derivatives that promise to be of industrial interest in the near future. Future research
work for developing jojoba oil markets must be undertaken in the search for industrial
applications for the myriad of easy -to- prepare derivatives.

Keywords: chemical composition; derivatives; product development

211 Wisniak, J. and Zabicky, J., eds. 1985. Jojoba: Proceedings of the Sixth International
Conference on Jojoba and Its Uses, October, 21 -26, 1984. Ben - Gurion University, Beer -
Sheva, Israel. 453p.
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At this first international conference held outside the United States 57 papers were
presented.

Keywords:' conferences

212 Wisniak, J., Hillel, J. and Katz, O. 1987. Holdup and extraction characteristics of
jojoba meal. Journal of the American Oil Chemists' Society 64(9):1352 -1354.

Holdup and drainage characteristics have been determined for three jojoba meals of different
nature and size distribution, using hexane and isopropanol as solvents. Density and viscosity
properties of the oil -solvent solutions have been measured. The experimental information
should be of value in the design of solvent extraction equipment for jojoba nuts.

Keywords: solvents; seed meal

213 Woodcock, T. 1983. Pleospora leaf spot of jojoba. Australasian Plant Pathology
12(2):14 -15.

Pleospora leaf spot was first observed in 1981. The plants were grown from imported seeds
from Israel and the United States. Disease occurred throughout the crop canopy on leaves
of all ages and appeared to be responsible for premature defoliation of plants.

Keywords: diseases; leaves

214 Wright, N. G. 1983. Jojoba development costs: Small plantations. Pages 137-142 in
A. Elias - Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth
International Conference on Jojoba and Its Uses. University of Arizona, Office of Arid
Lands Studies and Division of Continuing Education, Tucson. Arizona. 295p.

Budgets for two different size plantations, ten 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 ten - 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 four 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
contribution by the small size operator.

Keywords: economic development; cost analysis; investment

215 Yaron, A., et al. 1982. Physiological toleration of jojoba wax in laboratory animals.
Journal of the Society for Cosmetic Chemistry 33(May/June): 141 - 148.

Subacute toxicity tests of jojoba wax were performed in guinea pigs and rats. Refined
jojoba was applied daily, topically to guinea pigs for prolonged periods. The guinea pigs
showed normal growth and no histopathological changes in the internal organs were
observed. In rats injected subcutaneously daily for several weeks, no histopathological
changes were observed, only a mild local granulomatous reaction. The results of analyses of
blood and urine chemistry and of blood -cell profile in the rats injected with jojoba wax
were similar to the values in the control group injected with olive oil.

Keywords: rodents; toxicity
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216 Yaron, A., et al. 1985. Physiological effects of jojoba oil in laboratory animals.
Pages 337 -341 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth
International Conference on Jojoba and Its Uses. October 21 -26, 1984. Ben- Gurion
University, Beer- Sheva, Israel. 453p.

Initial studies on the effects of jojoba ointments on skin diseases showed that these
ointments feel pleasant to the skin and show no side effects or allergenicity. Continued
studies were aimed at understanding the fate of jojoba oil in the body and the safety of its
clinical and cosmetic use. Basically this is an update of their 1982 article that appeared in
the Journal of the Society for Cosmetic Chemistry 33(May /June):141 -148.

Keywords: rodents; toxicity

217 Yaron, A., Samoiloff, V. and Benzioni, A. 1982. Absorption and distribution of orally
administered jojoba wax in mice. Lipids 17(3): 169 -171.

Jojoba oil is finding increased usage in skin treatment preparations. 14C- labeled oil was
administered intragastrically to mice, and the distribution of the label in the body was
determined as a function of time. Most of the oil was excreted, but a small amount was
absorbed. The label was incorporated into the body lipids and diminished with time.

Keywords: feeding experiments; product development; rodents

218 Yermanos, D. M. 1982. Jojoba - outlook for maximizing oil production. Pages 738-748
in F. Vogt, ed., Energy Conservation and Use of Renewable Energies in the Bio- industries 2.
Pergamon Press.

General information and statistics are given for maximizing oil production through studies of
frequency distribution of seed yield per plant and seed origin. Also included is statistical
information on the effect of irrigation on seed yield per plant.

Keywords: seed yield; irrigation

219 Yermanos, D. M. 1982. Jojoba: Out of the ivory tower and into the real world of
agriculture. University of California, Riverside. 68p.

The establishment of commercial plantations of jojoba does not require new agricultural
methodology or specialized equipment. The choice of locations is significant. Although
jojoba does not demand high levels of soil fertility, water quality, and altitude; it might be
a mistake to start plantations in locations where environmental stresses often reach extreme
levels. Jojoba's prospects of developing into a profitable, energy - related renewable resource
appear to be excellent.

Keywords: plantation establishment; economic development

220 Yermanos, D. M. 1983. Performance of jojoba under cultivation between 1973-1982:
Information developed at the University of California. Riverside. Pages 197 -211 in A. Elias -

Cesnik, ed., Jojoba and its Uses Through 1982: Proceedings of the Fifth International
Conference on Jojoba and Its Uses. University of Arizona, Office of Arid Lands Studies and
Division of Continuing Education. Tucson. Arizona. 295p.
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Yields of jojoba seed and oil are presented from five- to eight - year -old cultivated plants
grown in Riverside. 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 20's.

Keywords: California; cultivation; seed yield

221 Yermanos, D. M. 1985. Identification of a high oil jojoba strain. Page 163 in J.
Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on
Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.
(Abstract only.)

Continued hybridization between parents with special features and selection of appropriate
segregants has led to the identification of a high oil strain of jojoba. This strain has 62
percent oil. Given that most commercial materials range between 51 and 53 percent, this
represents a 20 percent increase. This strain has other desirable characteristics as well. It
is large - seeded and produces seed which is predominantly oval. The plant is upright and
suitable for mechanical harvesting. This strain is not yet considered ready for commercial
growing because the few plants that are available provide a very small sample to base seed
yields on. Initial estimates however are very encouraging. A two -year period of seed yield
data evaluation will be necessary.

Keywords: breeding; seeds; genetics

222 Young, D. J. and Alcorn, S. M. 1981. A Coniothyrium sp. causing leaf blight of
jojoba. Mycologia 73(5):822 -832.

A pycnidial fungus, identified as Coniothyrium sp., was isolated from leaves and stems of
jojoba and other native Sonoran Desert plants growing in a variety of habitats in southern
Arizona (below 1,370 meters). The dark, immersed pycnidia often are formed in concentric
rings on leaves and in culture. The ellipsoidal, amber conidia are aseptate, thick -walled,
and are produced in cirrhi in the host. The fungus causes lesions on the leaves of seedings
and mature plants. Field observations and laboratory and greenhouse tests indicate that
wounding facilitates infection.

Keywords: diseases; leaves, fungi

223 Zabicky, J. 1985. Ozonization of jojoba oil. Pages 359 -362 in J. Wisniak and J.
Zabicky, eds., Jojoba: Proceedings of the Sixth International Conference on Jojoba and Its
Uses, October 21 -26, 1984. Ben -Gurion University, Beer - Sheva, Israel. 453p.

Ozonolysis was an important tool in the determination of the structural components of
jojoba oil. In the present work, ozonization of the oil was used in order to obtain the
diozonide, which is a most viable synthetic intermediate. The diozonide of jojoba oil is a
white, stable solid of low titre and has the characteristic smell of pelargonic aldehyde. At
temperatures around 110-120°C it decomposes violently, though not explosively. We have
studied until now several synthetic methods based on the diozonide, such as the preparation
of the dialdehyde and the dicarboxylic acid shown. Many additional paths may start from
the diozonide intermediate and its derivatives.

Keywords: chemical structure; derivatives; temperature
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224 Zabicky, J. and Mhasalkar, M. 1986. Diozonide of jojoba wax as intermediate for
synthesis. Journal of the American Oil Chemists' Society 63(12):1547- 1550.

Jojoba wax reacts with ozone - yielding diozonide. The diozonide of jojoba wax is a white
solid of low titre which decomposes violently around 110- 120 °C. The authors studied several
synthetic methods based on the diozonide, such as the preparation of dialdehyde; the
corresponding dicarboxylic acid, and derivatives of the latter. Many additional paths may
start from the diozonide intermediate and its derivatives.

Keywords: derivatives; temperature

225 Zeaser, D. 1985. 1985 International provenance trial: Report on methodology and
initiation. Pages 271 -274 in J. Wisniak and J. Zabicky, eds., Jojoba: Proceedings of the
Sixth International Conference on Jojoba and Its Uses, October 21 -26, 1984. Ben - Gurion
University, Beer - Sheva, Israel. 453p.

The need for international collaboration in determining the variability in wild populations of
jojoba is seen as the result of both the magnitude of testing which must be accomplished
and the advantage of formalizing communication between researchers working with the same
germplasm collection. Direct comparisons of data generated from the same seed sources
planted on a variety of sites will provide insight into cultural and climatic influences as
well as those of a genetic nature. Using a simple plot design and maintaining
communication between researchers is fundamental to success. Experiences originating from
forest genetics will be used in detailing test and communication methodology.

Keywords: native populations; germplasm; genetics

226 Zeaser, D. 1985. Jojoba introduction and provenance testing in Costa Rica: Summary
of methods and results. Pages 275 -277 in J. Wisniak and J. Zabicky, eds., Jojoba:
Proceedings of the Sixth International Conference on Jojoba and Its Uses, October 21 -26,
1984. Ben - Gurion University, Beer - Sheva, Israel. 453p.

Early results of an intensive program to introduce jojoba cultivation on the northeast coast
of Costa Rica are summarized. Principal activities include provenance testing, the
development of optimal agronomic methods, and the testing of clones. Data on flowering,
seed production, the response of provenance collections, and rooting of cutting are
presented.

Keywords: Costa Rica; plantation establishment; plantation management; plant introduction
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