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JOJOBA (SIMMONDSIA CHINENSIS )

I. INTRODUCTION ¢

Jo joba ( pronounced as ho-ho-ba) an exciting new development
in economic ¢rops, is a shrub which grows naturally in the Sonora
Desert in the U.8. (California and Arizona) and in México ( Sonora
and Baja California) The seeds from this thidk foliage shrub is
about 43 per cent liguid wax with chemical prcpertiés identical in
most respects to the 0il of the endangered sperm whale. Activities
aimed at domestication and cultivating jojoba are being pursued actively
in Arizona, California, Sonora and Baja California in Mexido, and
Israel. Attempts at cultivating jojoba are under way in Saudi Arabia,
Ghana, Iran, Bgypt and undoubtedly in many other countries. .

II. ECONOMIC VAIUE ;:

Jojobe ameed yields a liguid wax which requirés liftle or no
refining for use as a lubricant. BSeed oll content ig approximately
50 per cent and is a poseible subgtitute for gperm whale oil, a product
derived so far from an endangered species. Its oll has aeveral
properties that have made 1t valuable to industry. It is widely
uged for neny types of 1ubr1cat10n, for the pilness and ‘metalic wett- -
ing properties that it imparts and its non—drylng characterlqtlcs
that prevent gumming and tackinesas. It is also’ important as a chemical
intermediate since,it can be sulfonatéd,,oxidized,,sulfurized, sulfur-
chlérinated and chlorinated to give products that are used as wetting
agents and extreme pressure additives. Jojoba'Oil‘poaﬁésaes several
advantageous charaétériqtics over sperm‘oil i 1) it hase no flshy
- odor, 2) the crude o0il contains no stearlna and requirea little or
no treatment for no st industrial purpoae, 3) it takes up large ‘
amount of sulfur, 4) it does not darken on sulfurizatlon, and 5) the »
‘hlghly sulfurlzed 0il ieg liquid, whereaa qperm oml, when hlghly
sulfurlzed, requires addltlons of mlneral oil in order to remaln
llquld.



Work is in progress to make candle from jojoba wax. It is
presently also used in Mexico for produclng hair o0il, soap, printing
ink and several varieties of shampoo. B651des, Joaoba oil has

several medicinal uses as well.

The expression of jojoba seed yields a liguid wax which
requires little or no refining for use as a lubricant. The wax
content of the meed does not decrease with long-term storage, but
is remarkably resistant to bacterial degradétion. -There ig a wide
variety of potential uses. Because jojoba 0il does not'become
rancid, it might well replace ordinary vegetable oils where rancidity
is a prqblem, such as in foods, cogmetics, and hair oil. The oil
is also a course of long-chain alcohols, uaseful in the preparation
of detergents and as lubricaats for preciasion highwtemperature

nachinery.

Hydrogenated Jjojoba oil ig a hard white crystalline wax
reportedly almost as hard as carnauba, for which it may be an attra-
ctive subgtitute. It aleo has potential in the preparation of
‘waxes for floors and automobiles waxing of fruit, impregnation of
paper containers,'manufacture of carbon paper, candles and many
othér products.

‘ Table 1 through 3, adapted from producta from JoJjoba :
A promising new crop for arid lands ( National Academy of Sclences,
1975 4), delineata the physical and chemical properties of Joaoba‘
0il and wax. '

Presently, liquid wax is selling for ag much as ¥ $ 8 per
pound for use in shampoos 'and hair oil, and $ 5.50 per pound for .
. bulk pale. Currect progection forecaasé a.per acre yleld from mature
JoJjoba plant (-7 years 01d) in U.3.A. and Mexico of- 1,760 pounds of
seed, which 1n‘term, yield about 750vpounds of liquid wax.

+



Table 1 : Troperties of Jojoba 0i1®

Frcezing point.. 10.6 - 7.0 C

Llting moint 6.8 - 7.0¢C
Rnlllnf point at 757 mn under ¥, 398 C

malen moint (A0CE.Ce 9&»48)b 195 ¢
Pl s point (A0CE Cc Qa-48) 295 C
Fire noint (C0C) 338
Heat of fueion by differential
scanning calorimetry 21 Cal/g
Refractive index at 25 C 1.4650
Specific gravity, 25/25 C 0.86%
Viacogity

RQtovisco (25 ¢)

MV-1 rotor in MV cup 35 cup
lote and cone with Tk-1 33 cp
Brookfield, spindle 1, 25 C 37 cp
Cannon~Tensake, 25 C ‘ ' 50 ap
Cannon-Fen gke, 100 C | 27 centistockes
Saybolt, 100 C ‘ 127 sUsC
Saybolt, 210 € 48 sUg
Iodine value ‘ ‘ 82
Saponification value : 92
Lcid value 2
Acety value ‘ ' o2
Unsaponifiable matter I - 51%
Total acids - S 5 2%
Todine value of alcohols ‘ "‘ ‘ 77
Iodine value of acids o : 76

‘ Average melecular welght of WAX esters ‘ K 606

011 from expellerupreqsed jojoba seeds thrts to freez at 10.6°C
(51%). It eolidifies into a thick paste at 7C. Frogen oil, allowed
- to wam up, neltq at 70 (45F)

J‘quoke and flash points deternlned acaordlng to the off1C1al method,
Cc 9n~48, of the Amerncan 0il Chemi ate! Soclety

~Saybolt UniVersalAsecondaq
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Table 2 3 Characteoristics of Sulfurized Jojoba
and Sperm oila.

Test Sulfurized Sulfurized
Jojoba o0il Sperm oil
¢ulfur, percent 9.88 9.98
Viscosity, at 37.8C 3,518 SU° 1,961 SUS
Viecosity, at 99 C 491 sug® 201 gus?
Specific gravity at 15.6 C 0.9476 0.9613
ADI at 15.6 G 17 .82 15 .71
Flaash noint 250 ¢ 243 C
Fire point 282 C 280 ©
Free fatty acida (oleic) 1255 2435
Saponificqtion no » 162 195
“our point 16.1 C 15.6 C
cOrroqlon, 90/10 3 h at 100 C 24 24
Color, ATL 10% in 13 color oil 4Y4 8+

Scurce : H. Gisger.

aSaybolt Universal gecond g»

Table 3'{ Hardness of Hydrogenated Jojoba wax and

Several other vegetable wazes

Vax Hardness™
. Hydrogenated jojoba oil 1.9
Carnauba wax 246
Cane wax 2«1
Beeswax 0.38
0.24

“Saraffin

‘Soufhe X ‘T.K. Miwa

Bprinel Hardness Number at 25 C, 4.3 kg load for 60 sec. on 10.0

dlameter steel ball- '



ITI. TEXQOVOMY OF JOJOBA

The systematic position of the monotypic genue Simmondsia
has been the subject of coneiderable difference of interpretation.
Trequently it has been placed in the family Buxaceae and is properiy

known as Simmondsia chineneds (Link) Schneider. Its plant hag maﬁy

characteristice; such as ever green folisage, source of fodder as
domesticated animals browse. on it~, drought tolerant and nuts are
used as feed by deep and desert peccaries. It is an ever green shrub
of approximately 1 to 1.5 m height. Leaves are simple, thick,
leathery and coriaceous. Plante are 'dioceious’ like papaya and

date palm. TFemale flowers are usually single, incongpicuoug, and
pale green in colour, while male flowers are small, yellow and oceur
in clusaters. Both types are apetalous amd borne in the leaf axige. “
Normally, only one of the two leaf axile at the node flowera; the
opposite bud remaining dormant. Drought conditiona can inhiﬁit‘floweru
ing. Ovary ias small tricarpellary, whereas fruit ie an acq}n like
capeaule chochlaté in colour having one large seed. The sead.’-
containa little or no endospera conﬂlstlng of embryo and cotyledons
enclosed in a thln hard testa. ‘

Iv. OULTIVATION OF JDJOBA :

Large scale cult1Vatlon of Jogoba could prov;de an alternatlve
source of jojoba seed. High yleldlng varletles llke ' VISTA! could
be coupled with optimum irrigation and fertlllzation treatments to
maximi se qeed productlon; PrOportlon of male to female plants, bexng‘
dloeciouq, is to he malntained prOperly for effectlve fertlllzaﬁzon.

- The deVelopment of equlpment for efflcaent machine harvestmng would .

also reduce the loss of seed due to dropplng as-a result Yof - movement
at the time of manual picklng. o ‘ ‘ |

Among major drawbacka, 1angth of tlme taken by a 301oba
- plant to mature ( seven. to ten yeara) ia most important. f
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Tlanting in California have provided useful information
regriing rcaponses of Jojoba to cultivation. In israel, Jjojoba hau

found an enthusgiastic welcome.

Jojoba i drought reslsgtant and prefers rocky well drained
80ila and thua can become a valuable crobp in marginal 1aﬁds- Also,
land g that have previously been irvigated, but have lost their
forner agricultural potential due to drop in water tables or

increases in salinity, are possible areas for Jojoba cultivation.

Most succesaful geed germination requires darkness, warm
temperature, and high moisture availability over considerable
periods of time, approximately 20 days, before seedling break
above ground. Gernmination success under proper conditions is wually
very high. Seedlings that ave first established in potted situa-
tions and are then transplanted to the field have not always proved
successful, probably as a result of root growth patterna of jojoba,
gince & deep growing radicle with few side roots develops at an
early stage. Transplanting success can be increased by root prunning.

Seedlings are to be saved from frost damage in early stage.

Since Jojoba ig¢ & dioecious plant, the sex of plﬂntings‘is
no st imprortant point to be kept in mind while undertaking jojoba

cﬁltivationu Since no way as yet ias known to esatablish sex of a

‘nlant until it flowers, methods mugt be eatabli shed for controlling

the sex ratio 0f plants in & plantation. One method is the planting
of aeveraltaeeds at each plant site, with the later elimination of

the excess male plants to a level comparable with their role as

" pollinatora.’

The only sure way of eatnoblishing plants of known gex ig by

. vegetative propagation. Thia nethod also allowa for the establieh~

ment of qloﬁes éf genetidalLy selected‘plmnts:of sﬁperidr quality .
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Tor this reason, much work has been done md it hns been.found
that vegetative reproduction occurs readily from soft wood atem
cuttings. This may also have additional advantage as rooting

habit of the plant from one of taproot predoninance to one with
lateral spreading habit will occur naking plant more usgeful for

irrigated plantations.

Problens such as epacing of individuals, the placing of
males in the population, irrigation practices, and pruning can all
affect the productivity. Irrigation of jojoba seemed to have greatly
increased the productivity. Method of run-off famming for increased
jojoba yield could also be adopted. However, overwabtering causes

heavy damage to the Jjojoba plant.

Jojoba's genetic diversity allows the possibility of genetic
selection, either through seeds or vegetatively. The fVISTA* variety
hag been eatablished from plants grown inm Califormia by Coit (1959,

1962). There are obvious possibilities of toking up h&bridization
and gelection WOrk for evolv1ng genetically superior varieties

,sultablc for Joaoba cultlvat:on including mechanical harVesting-

One of the major prdblems‘of‘developing jojoba industry
based on the harvést of wild plants is thewgieat fluetuation in yield
“year to year. Vith cultivated hlantatiéns and’ éarefully planned.
irrigation, the product1v1ty of Joaoba plants could be increaaed
and ﬂtablliaed.

ijoba appearﬁ to be relat1Ve1y free of daseaﬂe and insect
peats- One moth, a mlcrolepldopteron, appears to be the only gerious
boat, wzth 1arVaa show1ng out the young ovuless Thlq pest seema.
. to be conflned 50 fﬂr to areas of over 2, SOO g elevatlon. one ‘
fungua is alﬁo known to occur on the leaves, calyxes, and pedun*
cles of jogoba. ' ‘

'
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V. CURRENT RESEARCH ACTIVITIES :

Research activities are in progress on jojoba in U.S.A.,
Mexico, Israel and other countries like Japan, Australia, West Germany,
Irag, Iran and Denmark showing interest in dts cultivation. Office
of Arid Land Studies ( OALS) at the University of Arizona, Tucson
supports the research on jojoba in U.S.A. and research work at
Arizona and California ( Deptt. of Plant Sciences, University of
California, Riverside) has recently been intensified. OALS also

publishes a quarterly newsletvter, " JOJOBA HAPPENINGS" to maintain

&a flow\of-gurrent information. OALS, aleo arranges for processing
and distribution of jojoba'aeéds liquid wax, hydrogenated wax, and

meal for testing their potentiai usefulness in marketable products.

‘Nétional Academy of Sciences, Ugs.A; has publisghed a volune
entitled, “Products from Jojoba : A prouwising new crop for arid

lands" which contain useful information on Jojoba.

VI. INTRODUCTION AND PERFORMANCE AT CAZRL, JODHPUR 3

.

Initially a few seeds of Simmondeia chinensis were received

from I srael in the year 1965 and agedlings were raiged in the nursery
at Jodhypur. The%e'seedlings were planted at Jodhpur and Pali farms
for -trial. Their performance hag been rather reagonable at both the
‘ plaées. out of 12 plants introduced at Jodhpur in 1967, only 2

plants are ®urviving as on 1977, whereas at Pali Farm, out of 12

‘:uplants only 6 plants are surv1V1ng.

‘ The plants started flowering since 1974. Plowering takes
‘place‘ig‘the month. of December and continues till Mérch. Being
Dioceous, male and female plants are different and effective polli-
‘natién is neceasdny for fruit setting. Fruit.asetting in female
plants started since 1976 but yleld was less due to 1mproper polli—
‘nation on account of‘nonwﬁynchrqny in flovwering of available few |
‘femQIe,aﬁd‘few male planta- In 1976, about 100 seédlinga ﬁgfegH
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raised in the nurgery out of the seeds received through the plant
Introduction DPiviasion, IARI, New Delhi. In 1977, some nmore slod~
lings were transplanted which have eurvived well under irrigated

condition.

As is evident, previous attempts were mainly from the point of
view of i%s introduction, whereas intensive efforts to raise thia
plant rather on an extensive scale counld not be made. Based on the
performance of surviving JoJjoba plants, it can be stated that there
appeare t0 be good promise of introducing jojoba plante in the semi~
arid zone. A research project on Jojoba ig likely %o be financed
shortly by the Department of Science and Technology for wndertsking
work on Introduction, evaluation and cultivation of Jojoba under
arid and aemi arid conditiona of Wegtern Rajasgthan.

Recently seeds of jojobe have been received from Arizona and
California. In order to undertake intensive testing programme under
varying agroclimatic conditions of VWestern Rajaathan, afttempte are
presently being made to raise about 5,000 saplings of jojoba in the
nUraery . 2,000 saplings are already raised in Silviculture nursery
ard next sowing will now be done in February, 1979« Detailed obser-
vationa regarding germination, performance of gaplings for various
morphological attridbutes are being recorded in the nurgery. The
’germlnatlon of Jogoba seeds obtained during October, 1948 was about
75 per cent. MNore attempts are being mads to obtain the seed materlal
of JOJOb& both Trom the USA md Mexico. Seedsg have also been ¢ol 1~
ected from natural habitats in the Sonoran degert in Arlzona, Us i,

'psrsonally by Dr R.8. Pareda and’ attempta wmll be nade to ﬁtudy the
ganetio varzabmlmty 1n ‘thig material. .

VIiI. - RESEARGH NDEDS

1. Gollsction, evaluation and - ma;ntenance of genetlc varlablliﬁy
in Joaoba. - ‘ '

2. Studies on oultivation practlce :

5,‘ Identiflcatlon of male and female planta and their qulck

¥



VIII.

i)
ii)

iii)
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multiplication through vegetative propogation.
Studies on effective pollination and its cffect on sced
production. |
Performance tests under varying environmental conditions ropre-

senting different moil types and eco-systens.

Tolerance of joJjoka to brackish water and goil salinity/
alkalinity.

Seed production levels under rainfed and irrigaﬁed conditions.,
Quality analysis of jojoba seed regarding oil content under
different conditions.

Forage quality analysis in relation to regeneration and

production of digeptible dry matter.
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