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ABSTRACT 

Attempts have been made since 1976 to manipulate in vitro 

organogenesis of jojoba using a variety of types of explants, and 

highly concentrated nutrient media similar to Murashige and Skoog 

medium. Only partial success in shoot tip culture establishment has 

been previously reported. In this study, it was found that, unlike 

many other woody plant species, jojoba tissue is very sensitive to 

high concentration of mineral salts. Modified versions of Woody plant 

medium, and Lyrene medium were very successful for growth and 

proliferation of shoot apices. A multiplication rate of 50 shoots per 

original explant in 3 months was achieved in the presence of high 

concentration of Ca (22 msq/L), and an auxin cytokinin ratio of 20 (2 

mg/L of BAP, and 0.1 mg/L of NAA). An average of 5 roots/shoot were 

obtained when the base of the shoots were wounded prior to treatment 

with 100 ppm IBA solution for 5 sec, and then subsequently cultured on 

a MS medium containing 10 mg/L IBA, and 0.1 mg/L NAA. In vitro 

produced plantlets were successfully transfered to a greenhouse. 

ix 



CHBPHR 1 

INIHXIUCTTCN 

Many years after the industrial value of jojoba (Simmondsia 

chinensis. (Link) Schneider) oil was recognized, efforts have been 

made all over the world to domesticate it. Jojoba grcws naturally 

only in the Sonora Desert in northern Mexico, in Arizona, and 

California (Yermanos, 1974). Hcwever, jojoba plantations have been 

extended out of its native area into dozens of countries on five 

continents (Dvoskin, 1986). In the United States alone, 40,000 

acres have been planted (Palzkill et al., 1981; Whitaker and 

Ihelander, 1985). 

Most commercial jojoba fields have been direct seeded or 

established from seedlings previously grown in a greenhouse (Feldman 

et al., 1982). For a new crop such as jojoba to be successful, it is 

critical that new plantations be established with genetically high 

quality material. Because jojoba has a several year generation time, 

and it is dioecious, many decades will likely be required to develop 

satisfactory seed-propagated cultivars. An alternative is to 

identify superior genotypes and develop efficient asexual propagation 

methods to increase them. 

Today, jojoba growers are mostly using stem cuttings to insure 

uniformity and better yield potential in new plantings. A technique 

using semi hardwood cuttings with 4 to 6 leaf pairs is well 

established (Low and Hackett, 1981; Reddy et al., 1981), and the 
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number of propagules collected frcra a single plant can be increased 

by using small cuttings with a single node (Lee and Palzkill, 1984). 

layering and grafting have also been successful for jojoba (Alcaraz 

and Ayala-Rocha, 1982; Yoffe, 1980), however, they are relatively 

expensive techniques to use for large scale propagation. 

In order to satisfy an urgent worldwide demand for propagules 

of superior plants, a multishoot production system via in vitro shoot 

tip culture would be beneficial. In addition to allowing rapid and 

efficient propagation of selected plants, two major advantages of 

tissue culture techniques which might have an immediate positive 

impact on jojoba are: a) because the in vitro procedure is aseptic, 

new fields could be established with healthy material free of 

viruses, bacteria and fungi, and b) because of the compact nature of 

tissue cultured plants, and the ability to store thousands of them in 

a small space at low temperature (Galzy, 1969), international shipping 

of high quality propagules would be easier than with other types of 

vegetative propagules. 

In the present work, an attempt was made to define an 

appropriate nutrient medium for jojoba shoot tip culture, and 

subsequently develop a technique for in vitro clonal propagation. 

Direct shoot regeneration was investigated by manipulating various 

nutrient media components. 



CHAPTER 2 

LnnofliiRE review 

For centuries, horticulturists, botanists, and foresters have 

exploited the capacity of plant cells to multiply and differentiate in 

a variety of propagation techniques, among them grafting, cutting, 

layering and more recently via in vitro techniques. In vitro 

techniques have mostly been used with herbaceous plants, however, use 

on woody plant is increasing. Unlike herbaceous plants, the capacity 

of woody plants to be propagated vegetatively in vitro has been shown 

to be closely related to the age and nature of the organ used (Broom 

and Zimmerman, 1978; Leaky, 1985). 

To date, many woody plant species have been successfully 

cultivated in vitro, and same of them are being micropropagated on a 

commercial scale (Rao and Lee, 1986). Mofct (1981) listed 200 woody 

plant species representing 40 genera in 20 families which have been 

successfully propagated vising in vitro techniques. 

Tissue culture techniques 

During the last few decades, many years since the first report 

on tree tissue culture (Gautheret, 1940), a large number of tree 

species have been successfully propagated by in vitro techniques. In 

the early years of tissue culture research, attempts were made to 

exploit the ability of cambial cells to undergo differentiation and 

subsequent organogenesis. Gautheret (1940), in his first work with 
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woody plant species, attempted unsuccessfully to regenerate shoots 

form the cambial tissue of Ulmus campestri. It was not until twenty-

eight years later that Wolter (1968), working with Foculus 

tremuloides. reported for the first time complete success in 

regenerating both shoots and roots jjj vitro. By the mid-seventies an 

increasingly large number of trees were regenerated in vitro either by 

direct shoot regeneration or via callus and/or suspension culture 

followed by regeneration. 

Regeneration of intact plants in vitro can be achieved through 

one of the following techniques: (1) callus and/or suspension culture, 

and (2) organ culture. Varying degrees of success have been achieved 

with each of these techniques. Organ culture, especially shoot tip 

culture, holds most potential because a high frequency of successful 

organogenesis has been observed with many herbaceous and woody plants, 

there is almost no risk of genetic variability among the plants 

regenerated, and the quality of the material propagated has often 

improved (David, 1982; Rao and Lee, 1986). 

Callus culture, although often more easily initiated than 

organ culture, is generally avoided when mass clonal propagation is 

desired. It requires more time than organ culture, and the 

consecutive subcultures over a period of time may multiply genetic 

abnormalities among the newly regenerated plantlets. Rooting ability 

of the excised shoots resulting from callus culture can also vary 

enormously (John, 1983). 



Trifmrrhance of m i rrmprmf .dqaticn via shoot tip culture 

The use of in vitro techniques for asexual propagation via 

shoot tip culture is the most studied, and widely applied of the 

plant tissue culture propagation techniques. Recent reports indicate 

that, worldwide, there are more than 200 tissue culture laboratories 

working on plant propagation of a variety of horticultural species 

(Irwin, 1986). Fifty percent of the plants being propagated by in 

vitro techniques are orchids, while woody plants represent 16%, and 

fruit crops 15%. 

Numerous benefits over conventional propagation methods have 

been reported for in vitro shoot tip culture (Conger, 1981). It 

allows rapid, large-scale multiplication of new hybrids and cultivars. 

The shoot multiplication cycle is very short (2-6 weeks) and each 

cycle results in a logarithmic increase in the number of shoots. 

Meristem culture can be vised to eliminate viruses frcm infected stoclcs 

in conjunction with heat therapy (Jones and Vine, 1968). It can be 

used to propagate difficult to propagate species. It is used to 

propagate genetically uniform parents for large scale hybrid seed 

production. Finally, with in vitro shoot tip culture, plant 

multiplication can continue throughout the year. 

For woody species, in vitro propagation is highly desirable 

for seme additional reasons. In many cases, assessment of desirable 

characters cannot be made until a plant has attained maturity. For 

seme species, by the time plants reach maturity, vegetative 



propagation by traditional techniques becomes difficult (Bhojwani and 

Razdan, 1983). 

With seme ornamental species mcropropagation can also improve 

the physiological state of the plant. An introduction of invigorating 

juvenile-like character by the in vitro cultural process was observed 

with the tropical foliage plant Svnaonium (Irwin, 1986). 

Tarrp firalo rail-H pi irgrHnn 

The first and principal use for in vitro techniques is the 

large-scale multiplication of horticultural species. Much success has 

been accomplished, especially with tropical foliage and flowering 

herbaceous ornamentals (e.g. African violet, ferns, gerbera, gloxinia, 

orchids, rhododendron). Among vegetable crops asparagus is a 

classical example where tissue culture is used commercially. An 

estimated 300,000 transplantable asparagus plants can be produced from 

a single shoot apex in one year. In actual practice, 70,000 plants 

have been produced by one person working 200 days in one year (Conger, 

1981). 

With woody species in general, success in mcropropagation is 

highly restricted to those which are not difficult to root (Bhojwani 

and Razdan, 1983). Among fruit and forest trees so far tested, the 

multiplication rates obtained were usually satisfactory and financial 

investment judged to be worthwhile. For example, the number of 

propagules produced from 1 explant with prunus rootstock over a period 

of 8 months was 6,000 (Howard, 1978). During the same length of time 
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60,000 shoots were regenerated from a single shoot of MM 126 apple 

rootstock (Jones et al, 1971). With Pinus niarata. Bncwn and Scanmer 

(1982) reported a multiplication rate of 120-200 shoots per culture 

per 6-8 weeks. MoCown and Amos (1979) concluded from their work on 

several Fonulus species that it is possible to produce a half million 

shoots per year using only 125 square feet of space in the laboratory. 

In vitro multiplication via direct organogenesis is generally 

considered to occur in three stages (Murashige, 1974): (1) 

Initiation, or the establishment of an aseptic culture, (2) Rapid 

multiplication, and (3) Acclimatization of the new plantlets produced 

in vitro prior to the outdoor transfer. 

Stage 1; The explants, carefully selected, are disinfested and 

transferred into a nutrient medium. This stage is regarded as 

satisfactorily completed if no contamination occurs and plant 

tissue shows reaction to the medium ingredients (growth of shoot 

tips or callus proliferation). 

Stage 2; Newly derived axillary or adventitious shoots frcm stage 1 

are separated and transferred into fresh media to regenerate more 

shoots. This stage may actually include prior induction of the 

meristematic centers that give rise to the adventitious shoots and 

roots. Subsequent subcultures of those shoots allcw the 

multiplication of the material on a large scale. 

Stage 3: In order to prepare the newly produced shoots derived from 

step 2 for outdoor conditions, they are transferred first to a 

rooting medium which favors rooting and additional vegetative 



growth. Seme authors divide stage 3 into two steps (Deberg and 

Maene, 1981): (1) shoot elongation improvement, and (2) shoot 

rooting. 

An additional step which is not usually considered a step in 

tissue culture propagation per se is the transfer of rooted shoots to 

an outdoor environment. Acclimatization of the plantlets produced in 

vitro is very critical and is often the point at which failure occurs 

(George and Sherington, 1984). The failure to survive the outdoor 

transfer can result in a significant loss of plants. There are two 

main reasons for failure at transfer. Up to stage 3, the plantlets 

are still dependant on the sucrose applied in the medium as a source 

of carbon. Several days are generally required for an autotrophic 

adaptation. Also, transferring of the young plantlets from 

conditions of high humidity and low light to relatively low humidity 

and high light can cause a great loss of water (Sutter and Langhans, 

1979). To avoid such problems, plantlets should be progressively 

acclimated. Application of antitranspirant films to the leaves is 

recommended at this stage. 

TISSUE OJIHUKE IN PCKES1EY. 

Gymnosperm and deciduous forest trees have been propagated by 

conventional means such as cutting, layering, and grafting for many 

years. Two major problems which often occur when using such 

vegetative propagation techniques are a decline of rooting response 

with tree age, and high production costs (Brown and Scmmer, 1982). 



Tissue culture propagation techniques attracted the attention 

of forest tree researchers in the early 1940*s. Mathes (1964), 

working with Populus tremuloides. was the first to produce a whole 

plant froti callus culture. later, various in vitro techniques were 

explored with forest trees, however, organ culture was the most 

ccramonly applied because of its advantages over callus or suspension 

culture which were discussed earlier. Adventitious and axillary bud 

formation have been directly initiated on various type of explants of 

forest species: excised cotyledons, hypocotyl portions, needles, and 

shoot apices (Bonga and Durzan, 1982; Dodds, 1983; Rao and Lee, 1986). 

With appropriate chemical and physical stimuli, spectacular 

results with regard to multishoot production have been reported. One 

hundred and twenty shoots per culture were produced over a period of 6 

to 8 weeks with Pinus nigrata (Whithead and Giles, 1976), and 10 

shoots per culture per month were produced with several Populus 

species (Christie, 1978). McCown and Amos (1979) extrapolated from 

their study with several species, that with only 5 shoots per culture 

per month and a 70% survival rate, a million plants could be produced 

annually in less than 125 square feet of space. 

TISSUE OJETURE IN JOT3T TREES. 

During the last decades several aspects of growth and 

development of fruit trees have been studied using tissue culture 

techniques, including graft compatibility, biochemical and pathologic 

studies, and micropropagation (Skirvin, 1981). The latter aspect 



indeed is already vised on a ccnmvercial scale for a number of temperate 

and tropical fruit trees. Rootstock and scion wood for many varieties 

are easily propagated from a single shoot. Also, virus free plants 

produced by meristem culture are shipped all over the world. 

Moreover, new somatic hybrids have been developed via protoplast 

fusion (Christofer and Dodds, 1983; Qhgawara et al, 1985; Skirvin, 

1981; Wilkins and Dodds, 1983). 

The first inultishoot regeneration of fruit trees was reported 

with apple rootstock of 'Cooc's Orange Pippin' (Abbot and Whitely, 

1976). Further experiments on a variety of apple rootstocks 

demonstrated the possibility of producing more than 60,000 complete 

plantlets from a single shoot tip over an 8 month culture period 

(Jones et al, 1979). The major problem for apple shoot growth in 

vitro is contamination of explants at the initiation stage. This 

problem has been overcome in several laboratories by vising various 

disinfestation techniques (Skirvin et al., 1986). 

Shoot tip techniques have been used for propagation of plum 

(Prunus insitia) rootstock (Druart and Gruselle, 1986) and cherry (P. 

avium) rootstock (Snir, 1978) as well as a variety of other Prunus 

species (Hammershlag, 1986). Usually shoot tips used for Prunus 

measure 1 to 2 cm, and are cultivated in nutrient media fortified with 

specific organic compounds such as phloroglucinol (Jones and Hopgood, 

1979), chlorogenic acid, catechol, pyrogallol, and resorcinol 

(Hammershlag, 1983). With cherry cultivars, micropropagation via 3-5 

cm long shoot tips was reportedly quite easily achieved (Ivanika and 



Pretova, 1986). Much variation in response between species, and 

varieties within the same species of Primus with regard to mineral 

nutrition have been reported. A multiplication rate of 6,000 shoots 

every 8 months has been achieved (Fendht and Dausend, 1976; Howard and 

Millikan, 1980). 

Peach (Prunus amvodalusl, is one temperate tree species for 

which the use of meristem and shoot tip culture have been restricted 

to propagating a few specific clones such as pest resistant rootstock 

(Hammershlag, 1986; Miller et al, 1982). 

Tissue culture of olive is aimed at genetic iirprovement of 

olive cultivars to increase productivity (Rugini, 1986). Hie biggest 

problem encountered in micrqprcpagating olive trees via shoot tips is 

oxidation of phenolic compounds when tissues are transferred into 

nutrient media. Addition of the most efficient antioxidant products 

have not solved this problem. In a few cases, especially with the two 

cultivars Agogia, and Frantoio, when multishoot production was 

successful, a multiplication rate of 9 in 35-40 days was achieved 

(Rugini, 1986). 

Following the foregoing successes, several reports released 

recently described procedures for rapid clonal propagation of pear, 

plum, almond, sweet cherry, peach, blackberry and blueberry. Among 

tropical fruit trees, in vitro propagation of Citrus species has been 

most extensively studied during the last few years. For Citrus, 

explants are usually taken from nucellar seedlings. Such seedlings 

are theoretically genetically identical to the mother plant but recent 



studies indicate that large genatypic differences might exist among 

plants grown from them (Barlass and Skene, 1986). Nurserymen are new 

studying the use of node and internodal explarits for micropropagation 

of Citrus to insure genetic uniformity. 

AEMANCES IN TISSUE OJIHURE OF JOJOBA 

Attempts have been made to propagate jojoba in tissue culture 

since 1976 (Aragao), but, to date, no complete details on successful 

in vitro micropropagation of jojoba have been published. 

Unlike many woody plants which have been frequently 

investigated in tissue culture over the last decades, few studies have 

dealt with jojoba. Aragao (1976) was the first to attempt jojoba 

shoot tip culture on modified Murashige and Skoog (1962) medium 

amended with a variety of organic compounds including edamin, EVP, 

guanylic acid, glutamine, casein hydrolysate, asparagine, and a 

relatively high concentration of sucrose and agar. No shoot formation 

was observed in such nutrient medium, even in the presence of several 

auxirycytokinin combinations. Callus formation was obtained with 

different NAA/KOT combinations. The healthiest calli were formed with 

0.4 x 10~4M of KEN and 0 to 1.5 x 10~4M of NAA. No shoots were 

regenerated from callus but roots were occasionally formed in the 

presence of 0.3 x 10~4M of NAA. 

El Mardi (1979) used the same medium as Aragao with a few 

modifications in the organic ccnpounds, and used leaf discs as 

explants instead of shoot tips. He tested different examinations of 



three auxins (NAA, IAA, 2,4-D) and four cytdkinins (KIN, ZEAT, 2iP, 

BA). He found almost the same results as were reported earlier by 

Aragao; callus initiation occurred after 60 days in culture, 

especially with NA^/KEN examinations, and occasionally scxne roots 

formed. Similar morphogenesis responses were obtained when jojoba 

staminate inflorescence were cultivated on modified Nitsh and Nitsh 

(1969) medium in the presence of equal concentrations of NAA and KIN 

(10_4M). 

Nucleic acid analysis, performed in the same study, shewed 

that a high RNA/DNA ratio occurred in response to high hormone 

concentrations. EL Mardi concluded from his study that the high 

KNA/ENA ratio did not help vascular initiation to occur. He also 

discussed a positive effect of adenine sulfate (80 and 160 mg/1) and 

phosphate (150 and 300 mg/1) on jojoba callus proliferation. 

Lizaraga (1978), and more recently El-Serafy (1987) also 

attempted jojoba shoot tip cultivation on MS medium, testing among 

other auxins and cytokinin, PCA. Hie results were almost the same as 

previously reported by Aragao and El Mardi. 

Three different salt formulations, all highly concentrated in 

mineral salts, especially in N, were tested by Kestutis (1978) in an 

attempt to induce shoot regeneration either directly frcnt the original 

explant or indirectly through callus formation. No noticeable success 

was achieved in the presence of KIN or BA combined with either 2,4-D 

or NAA. Good root formation occurred on modified Anderson (1975) 

medium supplemented with NAA (0.3 x 10-4M) and BA (0.4 x 10~4M). 



Kestutis concluded that shoot formation from jojoba explants 

cultivated in vitro requires modification of the mineral composition 

of the nutrient media rather than the growth regulators. 

The first partially successful shoot regeneration from in 

vitro culture of jojoba was reported by Madani et al., (1979). They 

found that occasional shoot elongation was possible on Tabachnik and 

Raster (1977) medium fortified by 10 mg/1 of EMAP. No multishoot 

production occurred, but the newly produced single shoots were 

successfully rooted when transferred into White (1954) medium 

containing 0.5 x 10-5M of BA and 0.25 x 10~4M of IBA. In this same 

study a retest of MS medium resulted in callus formation in all cases. 

Post et al. (1980) worked with a variety of tissues as 

explants; they tried leaves, cotyledons, stem sections, and shoot 

tips. Using MS medium, they reported multishoot production as a 

result of lateral bud development frcm shoot apices cultivated in the 

presence of 10-9M NAA associated with 2iP or ZEA at 10~4 to 10-5M. 

This is contrary to results reported by the above cited authors. 

Footing of shoots produced in vitro was accomplished by wounding the 

base of the stem and then transferring them into half strength MS 

medium containing IBA (10~3M), EVP (0.8%), and a reduced amount of 

sucrose (1.5%). Complete plants were produced but did not survive 

transfer to outdoor conditions. 

Other workers reported successful plant regeneration via 

multishoot production for jojoba, but did not report any details about 

the composition of their culture media (Birnbaum et al., 1985). 



15 

in vitro cumiral cckditicks re woody punt seeches 

Mwlia nrwfren-Hnn 

Components of nutrient media for plant tissue culture 

generally include (1) mineral salts (macro and microelements), and (2) 

organic compounds, including sucrose as a source of cartoon. 

Media differ greatly in their mineral concentration. They are 

usually classified to one of the three categories; (1) media similar 

to MS medium which is highly concentrated. (2) those with about half 

the concentration of MS such as Lloyd and McsCown woody plant (WP) 

medium, and (3) media with a relatively low concentration such as 

White's (1954) medium. 

Inorganic compounds. Nitrogen is often one of the most 

limiting factors for vegetative growth in situ as well as in vitro. 

Murashige and Skoog (1962), in their classic study, showed the need 

for both NO3 and NH4 forms of N for in vitro nutrition of tobacco. 

With chestnut shoot tip culture the highest multiplication rate was 

obtained when (NH4)2S04 was added to Heller (1953) medium. Cultures 

also improved in appearance, being greener with more individual 

axillary shoots (Vieitez et al., 1986). However, seme woody plants 

such as conifers are sensitive to NH4-N, especially during culture 

initiation (Durzan, 1973). Boulay (1979) was able to improve 

elongation of Douglas fir shoots by emitting NH4-N frora MS medium. 

Other species also prefer a specific form of N. For instance, seed of 

sweet gum tree require CaN03 and K2NO3, while NH4-N is not needed 



(Scxnmer and Brown, 1980). White spruce cells in suspension culture 

also do well only at high levels of CaN03 (Chafe and Durzan, 1973). 

The need for CaN03 as a source of N, rather than others, was 

explained by the existence of a Ca requiring protein: calmodulin 

(KLee et al, 1980). Several aspects of growth have been recently 

related to Ca nutrition including cytokinins, gravitropism, and 

phytohormone responses (Ferguson and Drodac, 1988). The association 

of Ca with plant growth is now considered not only from a nutritional 

point of view but also as a secondary messenger. The increase in 

cytoplasmic Ca concentration stimulates Ca binding to calmodulin, 

which thereby activates enzyme activities (Poovaiah, 1988). Moreover, 

Epstein (1988) found that absorption of NO3-N is inhibited by Na, and 

Ca reverses the inhibition. The same author found also that high Ca 

concentration enhances salt tolerance. 

With regard to phytohormone responses Poovaiah (1988) reported 

that cytokinin response is mediated by Ca. Scsme Ca ionophores could 

even mimic the effect of cytokinin according to Saunder and Helper 

(1982). 

Organic compounds. In vitro growth of plant tissue culture 

can be greatly improved by the addition into the media of organic 

compounds, including vitamins, amino acids, and other organic 

complexes. There are cases where vitamin amendments had no beneficial 

effect or even had repressive effects. The most frequently used 

vitamin mixture includes thiamin (Vit Bl), nicotinic acid, and 

pyridoxine (Vit B6). Myo-inositol is also a common ingredient in 



plant cell culture media. Sometimes it is conveniently classed as a 

vitamin, since Murashige (1974) found that its presence in a small 

amount is very inductive. 

Many other undefined organic carpi exes, such as casein 

hydrolysate, yeast extract, coconut milk, orange juice, and malt 

extract have been occasionally added into media to support grcwth by 

providing cells with amino acids, adenine and hormones. 

Amino acids can also be directly added into the media. They 

provide tissues with a readily available source of N. Their 

absorption is also more rapid than inorganic nitrogen (Them et al., 

1981). 

Growth regulators. BA was used in more than 50% of the cases 

of successful axillary bud formation on woody species mentioned by 

Skirvin (1981). It was used at concentrations ranging from 0.25 x 10" 

3M to 0.4 x 10~4M. Occasionally a relatively high concentration might 

be required as in the case of Citrus madurensis and Primus avium, both 

requiring 2 X 10-4M. Kinetin, zeatin, and 2iP, have been less 

frequently used for direct bud regeneration. One of the few cases 

where 2iP has been efficient was reported with low bush blueberry, 

Vaccinium auoustifolium. which requires a 2iP concentration as high as 

3.75 X 10-4M (Nickerson, 1978). Also, substitution of 2iP for BA has 

been reported to be successful in many cases where BA toxicity occurs 

(Styer and Chin, 1983). In an exceptional case, the need for two 

cytokinins in the same medium, and at relatively high concentrations, 

has been reported (Fisher and Tsai, 1978). They found that BA at 5 X 



10~4M combined with 2iP at 1.25 X 10-4M gave best results for Cocus 

nucifera. 

cytokinin, being a derivative of adenine, contributes 

efficiently to synthesis of nucleic acids and establishment of new 

centers of grcwth activity (Syono, 1965). 

Different conbinations of auxin/cytokinin have been tested 

with a variety of softwood and hardwood forest trees. Benzyladenine 

(BA) was found to be the roost efficient cytdkinin for bud initiation 

either alone or combined with auxins (Jones, 1967). Zaer and Mapes 

(1982) listed over 40 different forest tree species with which shoots 

have been induced by successive culture in the presence of BA. 

Naphthalenacetic acid, an auxin, is widely vised in the range 

of 3 X 10~6 to 3 X 10-5M, most often in combination with BA 

(Skirvin,1981; Dodds, 1983). Indolebutyric acid (IBA) also is quite 

frequently used at lower concentrations (0.2 X 10-4M), especially 

during the rooting stage. 

Shoot proliferation is significantly improved when gitberellic 

acid is added to the combination 2,4-D/BA with many Prunus species 

(Boxus and Quoirrin, 1974) or to the IAA/IBA association in the case 

of apple rootstock (Jones et al., 1979). 

Ihe range of BA concentrations usually used with gymnosperm 

species vary around 5 X 10-5M. Benzyladenine is most often combined 

with lower concentrations (10-8M) of NAA. Shoot formation on embryos 

and cotyledons of Pinus palustris was possible under a wide range of 

BA concentrations in the presence of 0.6 X 10-4M of NAA (Isamakuli, 



1979). However, a much lcwer range of EA ccsTcentrations (0.3 X 10~5 

to 0.3 X 10-4M) was effective for Pseudotsuaa menziesii (Bonga and 

Durzan, 1982). Chalupa (1977) reported bud formation in 65% of the 

cases on cotyledons cultivated in the presence of EA at a relatively 

high concentration (10_4M) combined with NAA at 0.3 X 10"%. Such 

high concentrations of EA are generally reported with forest trees 

when needles are vised as explants (David, 1982). The organogenesis 

process might also be influenced by the time of exposure to BA (Abo 

El-nil and Wochok, 1978). 

The type and concentration of cytokinin appear to determine 

the number of buds per explant, and the auxin concentration the number 

of explants that form buds (David, 1982). 

In many cases, elongation of newly regenerated buds needs 

transfer onto hormone free medium (Arnold and Erikson, 1978; Cheng and 

Vogui, 1979). Rarely, low concentrations of growth regulator are 

required (Isamakuli, 1979). 

The cytokinin effect on shoot formation has been explained by 

its effect on biochemical mechanisms. It stimulates synthesis of low 

molecular weight protein within a few days of its first application 

(Hasegawa et al., 1979). Benzyladenine in particular, the most 

cctnmonly used cytokinin, could be involved in stimulating the 

production of natural hormones such as zeatin (Zaer and Mapes, 1982). 

Its general use can also be explained by its low price compared to 

other cytokinins. 



Nutrient- mortia tpsted with woody plants 

Several nutrient media have been successfully used in woody 

plant micrqpropagation. Depending upon the species, the total 

amount of minerals required might be as high as 4000 mg/1 (i.e., 

Murashige and Skoog, 1962), or as low as 1400 mg/L (White, 1954). A 

combination of macroelements from the first category of media with the 

micronutrients from the second category was also very often reported. 

In 41 cases where adventitious and axillary bud formation were 

successful with woody plants, 21 different media were reported by 

Skirvin (1981). The medium developed by Murashige and Skoog was used 

in more than 50% of the cases. Among other media frequently used were 

those developed by Heller (1953), White (1954) and Gamborg et al., 

(1968). 

Quite often the nutrient medium used for multiplication is not 

necessarily the one vised in the rooting stages. With Prunus species, 

for example, Skirvin et al., (1980) suggested a dilution of the 

macronutrient concentration used during multiplication. Almond also 

is known as very sensitive to high salt concentration, and the best 

way to micrqpropagate it, according to Hester et al., (1986), is to 

start shoot growth initiation on Tabachnik and Kester (1977) medium 

which has a relatively low concentration of mineral salts, and has 

most of its nitrogen in the form of CaN03. The use of highly 

concentrated media is however recommended later on during the 

multiplication stage to sustain active growth and cause increased 

multiplication. Specific needs for each stage were also reported for 



olive for which organogenesis was successful with several inorganic 

media, but shoot proliferation required a medium specifically rich in 

Ca, Mg, S, P, and Zn (Rugini, 1986). 

According to seme authors, the mineral requirement for shoot 

formation of many forest species, especially gymnosperms, is not very 

specific. Hormonal composition of the medium seems to be more 

important in controlling shoot and root formation (Brron and Scanner, 

1982; David, 1982). 

THE EXPIANT 

The nature and the age of the explant have a tremendous 

influence on behavior under in vitro conditions. Woody plants have 

been regenerated mostly from shoot tips taken frcnt juvenile material. 

In vitro response with seme forest trees is reduced or completely 

absent if explants are collected from old trees (David, 1982). Within 

the same species, the ability to form buds in vitro varies between 

clones, and for the same clone it varies depending upon the age and 

even upon the position of the bud on the tree. Buds of Pioea abies 

excised from a tree less than 2 years old elongated twice as fast as 

buds from an adult tree (Chalupa, 1977). Boulay (1979) found that the 

fastest elongating shoots ccme frctn buds collected before bud break 

with Pseudotsuoa menziesii. Their rooting was affected as well; 

shoots rooted well only when the initial explarrts are taken from trees 

less than four years old. 



Most trees retain a high degree of juvenility at the upper 

part. Terminal buds of gooseberry (P-jWag sp.) are the only buds 

successfully cultivated in vitro (Jones and Vine, 1968). However, 

with roses, axillary buds taken frtan the midsection of the stem 

develop faster than others (Bressam et al., 1982). 

Explant size might also affect culture initiation as well as 

subsequent growth. Use of only the meristematic apex without any 

leaf primozdia is adopted when virus eradication is desired. 

However, for micropropagation of seme fruit trees use of 2 to 4 leaf 

primordia surrounding the apex is most often recommended to improve 

explant survival (Wilkins and Dodds, 1983). 

A relationship between the size of the explant and the age of 

the donor plant has been raised by Jones (1979). For one year old 

apple trees, he found that shoot tips are easy to establish, but with 

an eight year old tree the explant size needed to be 3 mm or less in 

length. 

The position of the explant on the medium surface when it is 

inserted might also affect proliferation. 

ewmunmenlm. cenditicns 

The most critical environmental factors affecting shoot tip 

culture are temperature and light. 

Temperature. The range of temperature adopted for tissue 

culture is between 17°C and 32°C with an average of 25°C. Tropical 

and subtropical plants such as citrus prefer a slightly higher 



temperature (24°C to 32°C, average 27°C). Temperate fruit trees do 

well at relatively lew temperature. Eighty to 90% survival occurred 

with peach shoot tips cultured at a temperature of 21° to 24°C, this 

decreased to 7% survival at 27°C (Bajaj, 1986; Hammerslag, 1981). 

Special treatment at low temperature (0°) in order to break 

shoot dormancy was also reported for several terrperate fruit trees 

(Howard and Oehl, 1981). 

Light. Two components need to be taken into consideration 

with regard to light, irradiance and photoperiod. Shoot proliferation 

is generally favored by an illumination of 500 to 3,000 lux during 

stage 1 and 2 of the micrqprcpagation process. Later, illumination of 

3,000 to 10,000 lux is necessary to improve the acclimation of the 

newly formed shoots (George and Sherington, 1984). A photoperiod of 

14 to 16 hours for shoot tip culture is the most ccnmonly reported for 

many fruit trees. Continuous lighting is also often used with a 

variety of herbaceous and perennial species. 

IBOHUEHS ENCOUOTERED IN WOODY PLANT TISSUE CUUEUKE 

Problems encountered with in vitro microprqpagation are 

visually either economical or technical (Brown and Scramer, 1982; 

Oonstantine, 1986; Navatel, 1980; Zimmermann, 1985). 

Economic problems. The financial investment in tissue culture 

technique includes labor costs, equipment supplies, expendibles, and 

building facilities. Little information has been published on costs 

of plant propagation under in vitro conditions, partly because of the 



difficulty to determine exact costs. Although good data is available 

on multiplication rates for many species, few comparisons have been 

made between the cost of an in vitro propagated plantlet and the cost 

of producing a similar plant via conventional propagation methods. 

Costs vary not only from one crop to another but also depending on the 

geographical location (Donnan, 1986). For instance plants produced 

most economically by conventional means in Arizona may be better 

produced by tissue culture in regions with cooler climate such as 

Canada. 

In the few cases when costs were released, they were given by 

unit of plant produced or per square foot of shelf space. Donnan 

(1986) reported that his laboratory's costs ranged from $0.75/ft2/week 

to $3.40/ft2/week. Brown and Sanmer (1982) gave an estimation of $100 

to $140 as a cost of 1,000 containerized plantlets of African violet. 

For seme easy to root forest species such as Acer robum or Robinia 

pseudoacacia the cost for the same number of plantlets was about $123, 

and it only cost $41 for 1,000 lily plantlets. 

Tabor is by far the largest cost involved in in vitro 

production of plants, accounting for frcm 60% to 85% of costs. Media 

costs represent only 5 to 10% of total cost. Other expenses include 

utilities (5%), supplies other than media (10-15%), and miscellaneous 

expenses (15%) (Donnan, 1986). 

To reduce the cost of in vitro plant production, Zimmerman 

(1985) proposed to reduce labor cost by eliminating steps in the 



process of production. One way to do this is by oonsolidating rooting 

and acclimation into a single step. 

Constantine (1986) suggested the automation of aspects of the 

micrcprcpagation process such as media preparation. This is likely 

more feasible with techniques such as used for somatic embryogenesis 

but doubtful with direct organogenesis. Another alternative could be 

the transferal of production facilities to countries where labor costs 

are lower. Potato plants produced in vitro in the United States cost 

about $0.75 each, while a Vietnamese firm can produce them for only 

$0.15 each (Zimmerman, 1985). 

Technical problems. The most common obstacle encountered in 

tissue culture initiation is contamination (James and Thurbon, 1978). 

Usually a treatment, prior to cultivation, with one or two 

disinfectants is necessary. 

With many dicot and coniferous trees, selection of material 

for propagation can not be done until the tree is mature to allcw for 

evaluation of important traits. Such is the case for Jualans. 

Castenea. Ouercus. and Pistachia (Zimmerman, 1985), as well as for 

jojoba. At such advanced age, establishment of cultures can become 

difficult because of the loss of juvenility. Much attention was 

given recently to the rooting problem of in vitro propagated shoots 

(Hammershlag, 1982; Maene and Deberg, 1985). Often, failure of root 

initiation and/or elongation has been reported. Poor root systems 

unable to survive the transfer to soil is a second aspect of the 

problem. Also, a multi-step process to achieve formation of suitable 



26 

root systems makes the rooting stage quite expensive and time 

consuming. Deberg and Maene (1981) believe that rooting in vitro 

might represent the most labor intensive part in the production 

process. 

The rooting process can be separated into two stages: Root 

initiation, and root outgrowth. Most often these two steps occur in 

response to different nutrient stimuli (Dodds, 1983; John, 1983; 

Jones, 1979). 

With fruit trees the first step in the rooting process 

consists of cultivating the separated shoot on medium highly 

concentrated in mineral salts supplemented with IBA for a period of 3 

to 5 months, and then transferring it into a medium with low mineral 

salts concentration, reduced sucrose level (0.5 to 1%), and free of 

hormone in order to achieve root elongation (Wilkins and Dodds, 1983). 

For forest trees the same scheme was applied, however, once 

roots are initiated, further root elongation can sometimes be 

accomplished even under non-sterile conditions, but a minimal shoot 

length of 3 mm and high humidity are necessary (John, 1983). 

With Pinus pinaster, roots formed on plants on hormone free 

medium (Scramer et al., 1975), but, in general, the use of auxins to 

promote rooting is a recommended technique. Indoleacetic acid and 

NAA, but most often IBA at a relatively high concentration are the 

most commonly used auxins. However, an inhibitory effect of IBA has 

sometimes been observed (Thimann, 1977). Also, continuous exposure of 

tissue to high levels of auxin tend to favor callus formation at the 



base of the shoots (Dodds, 1983). Nevertheless such is not a general 

feature. With cherry rootstock, continuous exposure of in vitro 

propagated shoots to 3 mg/L of IBA resulted in 100% rooting (Wilking 

and Dodds, 1983). 

All cytokinins are believed to inhibit rooting and BA does so 

particularly strongly. In sane cases, the use of kinetin and 2iP in 

place of BA during the final stage of multiplication improve 

subsequent rooting (Hussey, 1976). 

Several Prunus and Pvrus species have been well rooted in 

liquid media using the filter bridge technique which also helps to 

avoid contamination when transferring plantlets from agar medium to 

soil (Wilkins and Dodds, 1983). 

Other techniques treat shoots as small cuttings? their rooting 

is accomplished by dipping their bases into a rooting hormone and then 

transferring them into an appropriate substrate on a mist propagation 

bench (Dodds, 1983; Horgan and Aitkin, 1981). Wounding the base of 

the shoot before hormone treatment has been tried successfully on 

cherry rootstock (Snir and Erez, 1980), and jojoba (Post et al., 

1980). 

Developing ways of efficiently dealing with the large number 

of plants that are produced can also be a problem. As mentioned 

earlier hundreds of thousands of shoots, or even millions, can be 

theoretically produced frcm a single bud in one year. Estimations 

given by authors are generally extrapolations based on experimental 

results conducted on a limited scale. In practice, facilities and 
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labor required to handle thousands of cultures after successive 

transfers are extremely large, especially when purchasing demands are 

to be satisfied in a short time (Coaistantine, 1986). 

28 



(bapur 3 

material and mexbx6 

Shoot tips used in all experiments were collected from a 

mature jojoba female shrub, four to five feet tall, grown on the 

University of Arizona campus. Ihey were first surface sterilized by 

treatment in 50% ethanol (v:v) for 5 min and later in 0.5% NaOCl (v:v) 

for 12 mill. Explants were then rinsed three times in distilled 

autoclaved water and kept in a few drops of water until their transfer 

into the media. 

Depending upon the experiment, a single or factorial 

completely randomized design was used with three replications per 

treatment and three test tubes per experimental unit. 

Explants were cultivated in test tubes (25 x 125 mm) 

containing 10 ml of nutrient medium or in small jars (150 ml in 

volume) containing 25 ml of nutrient medium. Hie pH of the media was 

adjusted to 5.7 ±0.1 with KDH (IN) or HCL (IN), and the agar 

dissolved in a micro wave oven. All media tested contained 30 g/L of 

sucrose, and 7 g/L of agar except when otherwise stated. They were 

sterilized at 121°C and 15 psi for 12 min. 

Cultures were kept during the entire period of an experiment 

in a walk-in growing rocm at 26°C and under continuous lighting from 

cool white fluorescent lamps (3.2 /iEm~2s~^). 

Six different mineral nutrient media (Table 1) with several 

modifications were tested in the experiments described below. 

Fvppr-i mprrf- 1 
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liable 1. Mineral composition (mg/L) of media tested. 

Mineral MS B5 WP in TK ZM 
salts (1962) (1968) (1981) (1977) (1977) (1978) 

NH4NO3 1650 - 400 - - 80 
NH4SO4 — 134 — — — 99 
KNO3 1900 2500 - 190 200 101 
Ca (NO3) 2 • 4H20 - - 556 1140 1140 354 
K2S04 — - 990 — — — 

CaCl2•6H2O 440 150 96 — — — 

M3S04.7H20 370 250 370 370 410 185 
KH2PO4 170 - 170 170 200 204 
NaH2P04.H2° — 150 - — — — 

MTS04.4H20 22.3 — 16.9 22.3 22.3 8.45 
MnS04.H20 - 10 - - - -

ZnS04.7H20 8.6 2 8.6 8.6 8.6 4.3 
CUS04.5H20 0.025 0. 025 0.25 0.02 0.025 0.0125 
OOC12• 6H20 0.025 0. 025 0.96 0.02 0.025 0.0125 
KL 0.83 0. 75 - 0.83 0.83 0.415 
H3BO3 6.2 3. 0 6.2 6.2 6.2 3.1 
Na2Mo04.H20 0.25 0. 25 0.25 0.25 0.25 0.125 
FeS04.7H20 27.8 27. 8 27.8 55.6 27.8 55.6 
NA2EDIA 37.3 37. 3 37.3 74.6 37.3 74.6 

TOTAL 4633.33 3265. 15 2680.26 2038.42 2053.33 ! L160.96 

MS: Murashige and Skoog (1962) 
B5: Gamborg et al (1968) 
WP: Lloyd and McCown (1981) 
IX: Lyrene (1977) 
TK: Tabachnik and Raster (1977) 
ZM: Broom and Zimmerman (1978) 



Since the presence or absence of leaf primordia around the 

meristematic apex is known to affect its grcwth once it is 

transferred into an artificial medium, this first experiment was 

designed to determine the optimal number of leaf primordia to be left 

around the meristematic apex for maximum survivability. 

Three types of explants were tested; (1) the meristematic apex 

without leaf primordia, (2) the apex with one or two leaf primordia, 

and (3) the apex with more than two leaf primordia. Explants were all 

cultivated in MS medium supplemented in mq/1 with NaH2P04'2H2° (17°) > 

adenine sulfate (160), and thiamin,HC1 (0.4). 

In addition to the size of the explant, cytokinins are also 

known to stimulate the initiation of shoot growth by counteracting the 

effect of auxins which are heavily synthesized by the young tissues in 

the meristimatic area. Of the various 

cytokinins, benzyladenine (EA) has been most effective for in vitro 

micrcprqpagation of woody plant species and it was tested at 0.0, 

0.44, 0.88, 2.64, and 5.28 ^iM with all three kinds of explants. 

TVpm-iTTipnh 3 

Using the best type of explant selected frcm the first 

experiment. Attempts were made in this second experiment to determine 

the most efficient auxin cytoikinin combination for the 

initiation step, in addition to the modification tried in Experiment 

1, several different auxiiy'cytokinin combinations were evaluated in MS 

medium. The tested growth regulator levels, in fM, are NAA (0.54), 



IBA (0.49), 2IP (0.0, 0.12, 2.50, 25, and 50), and BA (0.0, 0.22, 

0.44, 2.22, 8.88). 

The percentage of living explants, their fresh weight and the 

number of cultures having developed either shoots or 

callus were recorded after four weeks in culture. Those same 

variables were recorded in all subsequent experiments. 

TCvpm-iniPirrt-- 3 

This experiment was designed to canpare three different 

nutrient media: Murashige and Skoog (MS) medium which has the highest 

mineral salt concentration (4633 mg/L), Gamborg et al (B5) which is 

less concentrated in total mineral salts (3228 mg/L), and Lloyd and 

MsOown (WP) medium which has only 1694 mg/L of mineral salts (Table 

1). All three media were supplemented, in mg/L, with adenine sulfate 

(160), phosphate(170), and thiamine (0.4). The growth regulators 

tested and their levels were: 2,4-D at 0.0, 0.46, 1.36, and 2.76 f M ,  

and IBA at 0.0, 0.50, 1.50, and 2.50 £(M, both combined with BA at 8.88 

jum. 

tcypm-impfnfc A 

From Experiment 3 WP medium was selected for further study 

because of its better performance in stimulating grcwth of jojoba 

shoot apices. In this experiment WP medium was retested, and compared 

to Lyrene (L¥) medium which is slightly more concentrated. The main 

differences between the two media are in their N, S, CI, and K 



content. Both media were supplemented with NAA (0.54 juH) combined 

with BA at 0, 0.22, 0.44, and 0.88 fiM or 2iP at 0, 0.25, 0.50, and 1 

aim. 

EXDPTIHIPrrt- 5 

Lyrene medium which was originally developed for blueberry, 

was found in Experiment 4 to be quite inductive for jojoba shoot 

growth initiation. In an attempt to improve upon it, two avenues were 

investigated in the present experiment: 

1. Modification of the mineral content was accomplished by testing 

Tabachnik and Kester (TK) medium which is a modified version of L3f 

medium with more K, more Mg, and more P. 2. Ccrobinations of two 

cytakinins (EA and 2iP) at low (0.1 f J M ), and high (10 f M )  

concentration were added to both media. Auxin was deliberately 

omitted. 

Experiment 6 

The agar which is usually added into solid types of nutrient 

media is kncwn to affect physical as well as chemical characteristics 

of media. In this experiment a range fran 2 to 10 g/1 of Difco bacto 

agar was tested with Lyrene medium selected frcin Experiment 4, and 

Zimmermann medium (ZM) which has almost half the salt concentration of 

LY medium. Both media were supplemented with BA at 8.88 fM and NAA at 

0.54 juM. 



Experiment'- 7 

Among the six media tested on jojoba shoot grcwth frcm 

Experiment 1 through Experiment 6, the best vegetative growth was 

obtained with WP, LY, and to seme extent TK medium. All 

three media have in common lew mineral salts concentration, and of 

special interest, a relatively high Ca content in the form of CaNC>3 

(this form of Ca is used in MS and B5 media). Based on this 

observation, an experiment was designed to test variation of Ca 

content in WP medium on jojoba shoot growth. Explants which were used 

were initially cultivated for 4 weeks on H£ medium. 

Calcium nitrate at 0, 280, 560, and 1120 mg/L was tested in 

combination with CaCl2 at 0, 130, 260, and 560 mg/L in a 3 x 3 

factorial completely randomized design. The total Ca content applied 

into the medium calculated frcm the above combinations is presented in 

Table 2. 

In addition to altering Ca level and source, the auxin 

cytokinin ratio was increased to 20 by combining 8.88 /uM of BA with 

0.54 fM of NAA. 

Experimpnt a 

Increasing the Ca content on WP medium had a dramatic effect 

on multishoot production in Experiment 7, so effects of Ca 

nutrition were further studied in this experiment. Three modified 

versions of MS medium with regard to Ca and N source 



Table 2. Calcium concentration (meq/L) resulting from the 
canbinations of calcium nitrate, and calcium chloride 
at different levels. 

Treatment Ca(N03)2.2H20 CaCl2. 2H20 Total Ca2̂  
number (mg/L) (mg/L) (meq/L) 

1 0 0 0 
2 280 130 4.13 
3 280 260 5.80 
4 280 520 9.14 
5 560 130 6.50 
6 560 260 8.17 
7 560 520 11.81 
8 1120 130 11.24 
9 1120 260 12.91 
10 1120 520 16.55 



were tested in the present experiment (Table 3) in an attempt to 

improve the multiplication rate. The same auxin: cytokinin ratio was 

used in Experiment 7 was used. Explants were taken frcm cultures 

initially cultivated on U£ medium for 4 weeks, and later transferred 

into WP medium as was modified in Experiment 6 for 4 more weeks. 

Bxpgi-iniCTTh <? 

Shoots 3 to 5 cm long produced frcm Experiment 8 were 

submitted to a rooting test on MS medium containing 5, 10, or 20 mg/1 

of IBA combined with 1 mg/1 of BA. Shoots were wounded at their base 

by making several small vertical incisions through the bark, and 

dipped on 100 mg/1 IBA solution for 5, 10, or 20 seconds, prior to 

their transfer into media. 



Table 3. Modified MS versions tested for multishoot 
production in experiment 8. 

Mineral salts (mg/L) MSI MS2 MS3 

KNO3 1900 1900 _ 

NH4̂  1650 - 1650 
Ca (NO3)2•2H20 2596 2596 
CaCl2.2H20 440 

Ionic concentration (meq/L) 

NO3" 39.4 61.3 22 
NH44" 20.6 — 20.6 
Ca2+ 6 22 22 
CI"" 1.3 - -



chapter 4 

jresuiits 

Experiment-- i Effect of explarit size and BA cxxicentration on 

initiation of jojoba shoot tip cultures. 

Effect of explarrt size. The highest percentage of living 

explants (60%) after 4 weeks in culture was obtained with explants 

consisting of the meristematic apex plus one or two leaf primordia, 

and measuring 0.3 to 0.5 cm in length (Table 4). Ihe combination of 

this size of explant with the highest level of BA resulted in 87% 

survival. Shoots with more than two leaf primordia, and 0.5 to 1 cm 

in length, survived the first two weeks in culture but only 43% were 

still alive by the fourth week. Similarly, explants consisting of 

only the meristematic apex, extracted under the microscope, had low 

survival (44%) at 4 weeks, and the few surviving cultures of this 

group grew very slowly during the rest of the culture period. 

Effect of BA concentration. Application of BA in the range of 

0.44 to 5.28 fM had a significant effect on growth initiation, 

especially with explants 0.3 to 0.5 cm long. The increase in percent 

living explants was proportional to the increase in cytbkinin 

concentration (Table 4). Statistical analysis showed a significant 

difference between BA treatments. Ihe highest concentration (5.28 /iM) 

resulted, in general, in a 4.5 fold increase in percent survival 

compared to treatments without BA. Explants with 2 leaf primordia 

were used in all subsequent experiments 
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Table 4. Effect of size of explant and EA concentration on 
explant survival of jojoba shoot tips cultivated on 
MS medium for four weeks. 

Explant survival (%) 

Bk ( l M )  Original explant sizes(on) 
0.0-0.03 0.3-0.5 0.5-1.0 Mean 

0.0 z25 ± 0 a 12 ± 3a 12 ± 3 a 16 
0.44 25 ± 11a 58 ± 3b 41 ± 4 a 28 
0.88 50 ± 11a 58 ± 3b 31 ± 15a 46 
2.64 50 ± 0 a 83 ± 5b 71 ± 2 a 68 
5.28 70 ± 2 a 87 ± 7b 62 ± 6 a 73 

AVG 44 60 43 46 

zMean separation within columns by Student-Newman-Keul test at 
5%. 
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Experiment o. Effects of 2iP and BA in crrhhination with NAA or IBA on 

initiation of jojoba shoot tip cultures. 

Explant survival. The percentage survival after 4 weeks in 

culture was slightly increased in the presence of cytokinin (Tables 5 

and 6). The number of surviving cultures increased proportionally to 

the increase in cytokinin concentration. The best results (80 to 90% 

survival) were obtained with BA at 8.88 /jM and 2iP at 50 fM both 

associated with NAA at 0.54 fM. 

Fresh weight of surviving explants. The lowest average fresh 

weight was obtained in the absence of cytokinin. Addition of 

cytokinin to the medium stimulated significant increases in fresh 

weight production; more than a 20% increase was generally observed 

even with the lowest cytokinin concentration, except in the case of 

the BA/IBA (Table 5 and 6) combination. Explants cultivated in the 

presence of 2iP produced an average of 28% more fresh tissue than 

those cultivated with BA. At relatively high concentrations the fresh 

weight increased by almost 39% in the case of BA (8.88 fM) and more 

than 80% in the case of 2iP (25 /xM). The heaviest cultures were 

obtained with 2iP at 50 fM combined with IBA at 0.49 fM. 

Callus differentiation and shoot growth. During the first 

three weeks of culture, shoot apices grew very slowly in the modified 

MS medium. After four weeks individual shoots with one or two very 

small leave were rarely produced (Tables 5 and 6), regardless of the 

kind and concentration of cytokinin used. The percentage of explants 
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Table 5. Effect of 2iP combined with NAA or IBA on shoot formation, 
callus production, and average fresh weight of surviving 
explants cultivated on modified MS medium. 

2iP Survival2 Cultures^ Cultures2 Fresh wtY. 
(/iM) (%) w/callus w/shoot (mg/cult) 

(%) (%) 

in • 

o
 W) 

0.0 50 + 5X 33 ± 0 11 + 6 140 + 12 
0.12 61 + 4 50 ± 5 8 ± 5 199 + 3 
2.50 69 + 2 75 ± 14 30 ± 1 203 + 8 
25.0 80 + 6 80 ± 6 25 ± 14 226 + 5 
50.0 83 + 9 80 ± 6 22 ± 13 236 + 25 

AVG 68 65 18 200 

IBA (0.49 m) 

0.0 47 + 9 17 ± 9 22 ± 13 153 + 21 
0.12 75 + 14 44 ± 17 11 ± 6 243 + 15 
2.50 61 + 3 44 ± 13 22 ± 13 239 + 20 
25.0 69 + 2 69 ± 2 36 ± 12 271 + 24 
50.0 80 + 3 78 ± 6 44 ± 13 281 + 4 

AVG 66 54 27 238 

zQbservations recorded after 4 weeks in culture. 
YFresh weight and percentage of cultures with callus were recorded 
after eight weeks in culture for surviving explants. 
^^Statistical analysis shewed no significant difference between 
treatments. 
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Table 6. Effect of EA combined with NAA or IBA. on shoot 
formation, callus production, and average fresh weight of 
surviving explants cultivated on modified MS medium. 

EA Survival2 Cultures^ Cultures2 Fresh wtY. 
(/jM) (%) w/callus w/shoot (mg/cult) 

(%) (%) 

NAA (0.54 um 

0.0 40 + 3X 39 ± 3 22 ± 13 139 + 8 
0.22 53 + 8 50 ± 5 7 ± 2 167 + 11 
0.44 50 + 5 53 ± 13 22 ± 6 151 + 1 
2.22 80 + 6 75 ± 14 36 ± 4 180 + 7 
8.88 89 + 6 83 ± 9 22 ± 6 193 + 6 

AVG 62 60 23 167 

1EA (0.49 f M )  

0.0 30 + 4 30 ± 1 11 ± 0 154 + 4 
0.22 61 + 3 58 ± 7 11 ± 0 158 + 6 
0.44 72 + 8 53 ± 13 30 ± 1 175 ± 3 
2.22 78 + 6 72 ± 8 33 ± 4 188 ± 4 
8.88 92 + 4 75 ± 14 42 ± 7 206 ± 16 

AVG 67 58 19 176 

2Observation made after four weeks in culture. 
YFresh weigh and percentage of culture with callus were recorded after 
eigh weeks in culture for surviving explants. 
Statistical analysis showed no significant difference between any 
treatments. 



developing shoots was only 19% or 23%, when BA was associated with IBA 

or NAA, respectively. Almost the same number of shoots were produced 

when 2iP was substituted for BA. 

When shoots were transferred into fresh and similar medium for 

a second passage, growth rate decreased and callus proliferation was 

more intense. In long term culture (8 weeks) all explants developed a 

white-green callus. Statistical analysis shewed no difference between 

cytokinin treatments with regard to shoot formation. 

Callus initiation directly on the original explant was 

observed in higher frequency after the third week in culture on MS 

medium as was modified in this experiment. Results in Tables 5 and 6 

shew clearly that callus initiation was 2 to 3 times more frequent 

than direct shoot regeneration, regardless of the cytokinin treatment. 

Mo significant difference was observed between BA or 2iP 

treatments with regard to callus production. An average of 50 to 60% 

of the living shoot tips developed callus directly on the original 

explants regardless of the type of auxin associated with either 2iP or 

BA. 

•Rvptarnmont 3. Effect of three media modified with 2,4-D and IBA. 

Exolant survival. After the first 4 weeks in culture the 

percentage of living explants obtained on WP medium was 10 to 20% 

higher than on MS media irrespective of the auxin treatment (Table 7 

and 8). One hundred percent of the cultures were alive when WP medium 
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Table 7. Effect of IBA combined with EA at 8.88 juM on shoot 
formation and callus production on explants cultivated for 
four weeks on MS. B5, and WP madia. 

IBA Survival Cultures Cultures Cultures 
(juM) (%) w/shoot w/callus quiescent 

(%) (%) (%) 

Murashige and Skoog medium (MS) 

0.0 69 ± lax 30 ± lab 11 + 6a 19 + 5a 
0.50 81 ± 5a 42 ± 7b 8 ± 4b 39 + 3a 
1.50 92 ± 4a 0 ± 0a 58 + 7b 33 + 11a 
2.50 61 ± 3a 8 ± 4a 19 + 5a 64 + 12a 

AVG 76 20 24 39 

Ganiborg et < al medium (B5) 

0.0 70 ± la 30 ± la 0 + 0a 39 + 3a 
0.50 89 ± 6a 33 ± 0a 22 + 7a 33 + 0a 
1.50 100 ± 0a 22 ± 4a 58 + 7a 19 + 5a 
2.50 89 ± 6a 11 ± 6a 31 + 11a 47 + 13a 

AVG 87 24 28 34 

Woody plant medium (WP) 

0.0 81 ± 5ab 50 ± 5ab 0 + 0a 33 + 0 
0.50 92 ± 4b 70 ± lb 0 + 0a 22 + 6 
1.50 100 ± 0b 72 ± 8b 19 + 5ab 8 + 4 
2.50 89 ± 6a 30 ± la 31 + lb 28 + 8 

AVG 90 55 12 23 

*Mean separation within columns fcy Student-Newman-Keul test at 5%. 
^Survival recorded after four weeks. 



45 

Table 8. Effect of 2,4-D cxsnbined with BA at 8.88 fM on shoot 
formation, and callus production on explants cultivated for 
four weeks on MS, B5, and WP media. 

2,4-D Survival Cultures Cultures Cultures 
(juM) (%) w/shoot w/callus quiescent 

(%) (%) (%) 

Murashige and Skoog medium (MS) 

0.0 72 + 

*
*
 CO 

30 ± lb 30 ± la 11 ± 6a 
0.46 81 + 5a 30 ± lb 19 ± 5a 31 ± 11a 
1.38 89 + 6a 30 ± lb 39 ± 3a 19 ± 5a 
2.76 61 + 3a 0 ± 0a 30 ± la 30 ± la 

AVG 76 22 29 23 

Gamborg et al medium (B5) 

0.0 89 + 6a 22 ± 6a 22 ± 6a 45 ± 6a 
0.46 100 + 0a 39 ± 3a 33 ± 11a 19 ± 5a 
1.38 83 + 9a 11 ± 6a 42 ± 7a 31 ± 11a 
2.76 78 + 6a 11 ± 6a 33 ± 11a 33 ± 11a 

AVG 87 21 32 32 

Woody plant medium (WP) 

0.0 92 + 4a 50 ± 5a 0 ± 0a 42 ± 8a 
0.45 100 + 0a 53 ± 8a 19 ± 5ab 19 ± 5a 
1.13 100 + 0a 22 ± 6a 50 ± 5bc 28 ± 8a 
2.26 100 + 0a 22 ± 6a 58 ± 7c 19 ± 5a 

AVG 98 37 32 27 

xMean separation within columns by Student-Newman-Keul test at 5%. 
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Table 9. Statistical analysis of the effect of 2,4-D, and IBA. on shoot 
growth of the surviving explants cultivated for four weeks on 
MS, B5, and WP media. 

Sources Mean separation between medial 

Survival Cultures Culture 
w/shoots quiescente 

(%) (%) (%) 

MS 76a 21a 31a 
B5 87a 22a 33a 
WP 94b 46b 25a 

Mean squaresx 

Interactions 
690*** MS/2,4-D 419ns 690*** 270ns 

MS/IBA 522ns 1112* 1043ns 
B5/2,4-D 266ns 513^ 316"3 
B5/IBA 477ns 294^ 414ns 
WP/2,4-D 52ns 875ns SS113 
WP/IEA 1148ns 1148* 328ns 

^Mean separation within columns by Stuclent-Newman-Kieul test at 5%. 
*bata are non significant or significant at 5%(*), 1%(**) or 
0.1%((***) level. 



was amended with 2,4-D at 0.46 and 2.76 juM. Similar results occurred 

on B5 medium supplemented with IBA at 1.50 fM. No significant 

difference was detected between MS and B5, however, survival on both 

media was significantly less than on WP medium (Table 9). Mean 

separation between 2,4-D or IBA treatments showed no differences 

(Table 7 and 8), except in the case where IBA was added to WP medium 

(Table 7). 

Of interest also is the fact that 20 to 40% of the cultures in 

all three media remained quiescent, not showing any kind of growth. 

Although the original explants remained alive, neither 

callus proliferation nor shoot expansion were observed. 

Over all, results in Tables 7, 8 and 9 suggest that media 

composition is extremely critical for survival of jojoba shoot tips. 

WP medium, which has almost 50% less mineral salts than B5 medium, and 

over 60% less than MS medium, allowed 10 to 20% more 

explants to survive the first 4 weeks of culture, even in the total 

absence of either 2,4-D or IBA. 

Callus formation. Approximately 30% of the cultures 

developed a white-green callus directly on the original explant within 

4 weeks in culture (Table 7 and 8). No significant differences were 

observed between the three media (Table 9), however, shoot tips 

cultivated on WP medium supplemented with IBA developed an overall 

average of 50% less callus than the other auxin/media combinations. 

In the absence of auxin, callus formation did not occur until 

the fourth week in culture. Application of 2,4-D in the range of 0.46 



Table 10. Effect of 2,4-D and IBA combined with BA at 8.88 juM on the 
average fresh weight of living explants cultivated on MS, 
B5,and WP media. 

Auxin (jiiM) Average fresh weight fma/cultured 
MS B5 WP MEAN 

2,4-D 
0.00 168 + 3ax 198 + 4a 165 + 8a 177 + 2 
0.46 375 + lb 277 + 3b 327 + 8c 326 + 4 
1.38 295 + lib 310 + lbc 245 + 3b 283 + 3 
2.76 348 + 14b 300 + lc 283 + 5bc 310 + 4 

AVG 296 253 225 274 

IBA 
0.00 212 + 2a 219 + 11a 173 + 12a 201 + 4 
0.50 217 + la 251 + 13a 210 + 7a 226 + 3 
1.50 237 + 8a 257 + 5a 309 + 7a 268 + 4 
2.50 279 + 2b 230 + 13a 291 + 19a 264 + 5 

AVG 236 239 221 240 

*Mean separation within columns by Student-Newman-Keul test at 5%. 



Table 11. Analysis of variance of the effect of 2,4-D, and IBA on 
callus production, and average fresh weight on the living 
explarrts cultivated for 8 weeks on MS,B5, and WP media. 

Sources yMean separation between media 

FW (mg/culture) Culture w/callus(%) 

MS 267a 26a 
B5 255a 30a 
WP 249a 27a 

^Mean squares 

Interactions 
MS/2,4-D 25296*** 189* 
MS/IBA 2821** 1615* 
B5/2,4-D 23425*** Me1*3 

B5/IBA 2954ns 1746ns 
WP/2,4-D 11853* 1202** 
WP/IBA 14068** 677* 

YiMean separation within columns by Student-mewman-Keul test at 5%. 
V • MM Jk JLJU 
xData arc non-sigmficant or significant at 5%( ), 1%( ) or 
0.1%(***) level. 



to 2.76 (M significantly increased the percentage of cultures with 

callus, especially on WP medium. Fifty-eight percent of the explants 

cultivated on WP in the presence of 2.76 nM of 2,4-D developed a 

white-green callus directly on the original explants. Addition of the 

same concentration of 2,4-D had no such effect on MS or B5 madia. 

Unlike 2,4-D, IBA had less effect on callus formation on shoot 

tips cultivated on WP medium. In general, when IBA was used, 50% 

fewer cultures developed callus on WP medium compared to MS or B5 

media. Differences between IBA. treatments were significant on MS 

medium but the average percentage of cultures with callus for all 

IBA/MS combination was very similar to that of the IBVB5 combination. 

Shoot regeneration. After 4 weeks in culture, an average of 

more than 50% of the explants on WP medium supplemented with IBA 

developed shoots with one or two leaves. Twenty percent fewer 

explants did so when 2,4-D was substituted for IBA. Statistical 

analysis showed significant differences between IBA concentrations but 

not between 2,4-D concentrations (Table 7 and 8). Shoots on WP medium 

reached the maximum height of 2 can after the fourth week in culture, 

especially in the presence of IBA at 1.38 juM. After the second 

subculture (4 additional weeks) callus proliferation was observed in 

almost all the cultures, including those which had previously 

developed shoots 1 to 2 cm long. Callus establishment started in the 

meristematic zone, and later progressively invaded the whole shoot 

leaf area. Callus proliferation was faster, and most intense, in the 

media with the highest auxin concentration. 



On MS as well as B5 media the frequency of shoot formation 

during the first 4 weeks of culture varied around 20%, which is almost 

50% less than what was observed on WP medium supplemented with IBA. 

Application of 2,4-D had almost the same effect on shoot formation in 

all media. No significant differences between 2,4-D treatments were 

observed on B5 or WP media, but on MS medium at 2.76 juM no shoot 

formation at all was observed. 

Significant differences were observed between IBA 

concentrations on WP and MS media, but not on B5 medium. In general, 

IBA had almost the same effect on shoot growth on MS and B5 media as 

did 2,4-D. However on WP medium IBA caused two times more shoots to 

grow compared to MS or B5 media. 

Of interest also is that shoots formed on B5 medium were as 

long as shoots produced on WP medium (2 cm) after the first 4 weeks. 

However their leaf tissue underwent a dedifferentiation process as 

soon as they were transferred into fresh, and similar nutrient media 

leading to callus proliferation all over the shoots. 

Fresh weight. Fresh weights of all cultures were recorded 

after 8 weeks. In the presence of 2,4-D, 16 to 31% more fresh tissue 

was produced on MS medium compared to B5 and WP media respectively. 

No such difference was observed between the three media in the 

presence of IBA (Table 10). 

In the absence of auxin, average culture weight was 170 to 200 

mg. Addition of 2,4-D increased the average fresh weight by almost 



50% for all concentration of 2,4-D in all three media. Addition of 

IBA caused large increase in fresh weight only on HP medium. 

Increasing auxin concentration on MS medium induced 

proportional increases in fresh tissue production. Significant, and 

highly significant differences, respectively, were obtained with 2,4-D 

(0.46 - 2.76 /liM) , and IBA (0.50 - 2.50 jiM) treatments (Table 11). 

With IRA, almost an equal amount of fresh tissue was produced on B5 

and MS medium. With 2,4-D, 8% less fresh tissue was produced on B5 

than on MS medium. Shoot tips cultivated on WP medium produced an 

average of about 223 mg of fresh tissue which is 7 and 13% less than 

on MS and B5 respectively. The heaviest cultures on WP medium were 

obtained in the presence of 2,4-D at 0.46 fM; IBA seemed to be most 

effective at 1.50 /iM. Statistical analysis (Table 11) showed a 

significant difference between 2,4-D concentrations, but not between 

IBA concentrations. 

Experiment 4. Comparison of WP and LY medium at several 

concentrations of BA and 2iP. 

Explant survival. IX medium stimulated shoot growth 

initiation in 100% of the cases (Table 12). Ten to 20% less 

initiation was observed with WP medium. This difference was not 

statistically significant. Addition of BA had a slight effect on 

explant survival on WP medium. At the highest concentration (0.88 /iM) 

the percent of living explants was 30% higher than when BA was 
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liable 12. Effect of EA, and 2iP ccxnbined separatly with NAA (0.54 /jM) 
an explant survived, and their average fresh weight after 
four weeks in culture on WP, and LY media. 

Gone 
fuM) 

Fresh weiaht fma/cultured Survival m Gone 
fuM) WP LY MEAN WP LY MEAN 

EA 

0.00 40 + 4 38 + 3 39 + 3 72 ± 6 100 ± 0 86 + 3 
0.22 56 + 7 43 + 6 49 + 3 78 + 4 100 ± 0 89 + 2 
0.44 60 + 9 58 + 5 59 + 3 89 ± 3 100 ± 0 94 + 1 
0.88 75 + 4 61 + 4 68 + 2 92 + 4 100 ± 0 95 + 1 

AVG 58 40 54 83 00 91 

2iP 

0.00 45 + 4 20 + 0 33 + 2 44 + 9 89 ± 4 60 + 5 
0.25 61 ± 7 50 + 3 35 + 2 92 + 3 92 ± 3 91 + 1 
0.50 72 + 5 82 + 1 17 + 2 89 + 4 100 ± 0 94 + 1 
1.0 84 + 1 68 + 2 75 + 1 92 + 4 100 ± 0 96 + 1 

AVG 65 51 60 81 93 85 
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Table 13. Effect of RA and 2iP ocnbined separately with NAA 
(0.54 fJiM) on imiltishoot production on explants cultivated 
for four weeks on WP, and L5f media. 

Cone (juM) Averaae number of shoots cer culture?? Cone (juM) 
WP IX MEAN 

BA 
0.00 0.7 + 0.00a 0.80 ± 0.02a 0.75 ± 0.00 
0.22 1.0 + 0.00a 1.70 ± 0.10a 1.38 ± 0.07 
0.44 2.63 + 0.07b 1.00 ± 0.10a 1.81 ± 0.13 
0.88 2.86 + 0.05b 1.25 ± 0.10a 2.05 ± 0.14 

AVG 1.79 1.20 1.49 

2iP 
0.00 0.50 + 0.10a 0.70 ± 0.00a 0.60 ± 0.04 
0.25 1.25 + 0.15ab 1.50 ± 0.20a 1.37 ± 0.10 
0.50 2.00 + 0.20ab 2.00 ± 0.50a 2.00 ± 0.20 
1.00 2.58 + 0.17b 2.25 ± 0.00a 2.45 ± 0.08 
AVG 1.58 1.61 1.60 

*Mean separation within columns by Student-Newman-Keul test at 5%. 



Table 14. Analysis of variance of the BA, and 2iP effect 
on shoot production, and growth of the surviving 
explants cultivated for four weeks on WP, and L? 
media both supplemented with NAA at 0.54 fM. 

Sources Mean squares Sources 

Survival(%) FW (mg/cult) No shoot/cult 

WP 823ns 662ns 2.67*** 
LY 64ns 1074ns o.se1*3 

Interactions 
3.68*** WP/BAP 258ns 625ns 3.68*** 

WP/2iP leas113 soa™3 2.45* 
Itf/BAP 370^ 370ns 0.52ns 

L5f/2iP 101^ 2094*** 1.25™5 

ns. *.**;***.Non-significant, significant at 5%, 1%, or 0.1% level 
respectively. 
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excluded from the medium. The effect of 2iP was much greater on WP 

medium. Increasing its concentration frcm 0.25 to 1.25 juM caused an 

increase in percent survival of 50%. 

Both cytbkinins had no or little effect on explant survived on L5f 

medium. LZ medium which has almost the same mineral salt 

concentration as WP medium, but more Ca, more Fe, and no NH4-N 

induced more shoot growth than WP medium. In serve cases 100% of the 

shoots grew, even in the total absence of cytokinin. 

Shoot regeneration. Both media stimulated grewth and 

development of jojoba shoot tips. More than two leaves emerged from 

the initial shoot tip during the four week culture period except in 

the absence of cytokinin when no leaf formation was observed (Table 

12). Shoots on WP medium grew more rapidly than those on L¥ medium. 

Application of BA or 2iP induced the regeneration of more than one 

shoot per culture. On average, more than 1.5 shoots per culture were 

produced on WP medium. Statistically, the WP/BA interaction was 

highly significant (Table 14). Hie maximum shoot production recorded 

was 3 shoots per explant at 0.88 fjM of BA. Similar results were 

observed with LY medium when 2iP was substituted for BA, but the 

shoots were smaller with more restricted leaf area. The increase in 

multishoot production in an axillary branching pattern was 

proportional to cytokinin concentration. Benzyladenine seemed to be 

more efficient with WP while 2iP gave better result with L£ medium 

(Tables 12 and 14). 



Fresh weight. As mentioned earlier, vegetative grcwth on WP medium 

was much better than on IX medium. Average fresh weight produced 

after 4 weeks was almost 10% higher en WP medium than on IX medium, 

averaged over both types and all concentrations of 

cytdkinin applied (Table 13). This was possibly due to the higher N 

concentration in WP medium (17.7 juM) than in IX medium (11.5 juM). 

Application of BA at 0.88 /uM increased the fresh weight by 

more than 80% in WP medium and by more than 50% in IX medium. 

Similar increases were caused by 2iP on WP medium, and even greater 

increases were caused by 2iP on IX medium (Table 13). Statistical 

analysis (Table 14) showed a significant difference between 2iP 

treatments on both media. 

Experiment 5. Comparison of IX and TK media, modified with two 

levels each of BA and 2iP, on initiation of jojoba shoot tip 

cultures. 

Shoot regeneration. Between 80 and 100% of the explants 

successfully initiated growth on IX as well as on TK medium (Table 

15). The presence of BA and 2iP at lew (0.1 /iM) and/or high 

concentration had no effect on explant survival, but did 

have a significant effect on the number and quality of shoots 

produced. Both BA, and 2iP stimulated regeneration of more than one 

shoot per culture as a result of axillary branching similar to that 

observed in Experiment 4. The quality of the shoots was affected by 



Ttible 15. Effect of BA cxinbined with 2iP on shoot grtwth of explants cultivated for four weeks on V£ and TK 
media. 

Oonc(/iM) Survival (%) Average fresh weight fma/culturel 
BAP — 2iP IX TK MEAN IX TK MEAN 

0.0 - 0.0 89 ± 6ax 89 ± 6a 89 ± 5a 22 ± Oa 19 ± 3a 20 ± 2a 
0.0 - 0.1 82 ± 7a 89 ± 6a 85 ± 5a 28 ± la 17 ± la 23 ± la 
0.0 - 1.0 75 ± 10a 89 ± 6a 82 ± 10a 63 ± 2a 59 ± 4a 61 ± 3bc 
0.0 - 10.0 92 ± 3a 83 ± 9a 87 ± 6a 29 ± 3a 35 ± 7a 32 ± 5ab 
0.1 - 0.1 100 ± 0a 100 ± 0a 100 ± Oa 38 ± 3a 41 ± 13a 39 ± 5abc 
0.1 - 1.0 60 ± 12a 100 ± Oa 80 ± 12a 61 ± 13a 69 ± 4a 65 ± 9bc 
0.1 - 10.0 100 ± 0a 83 ± 7a 92 ± 6a 59 ± 6a 43 ± 7a 52 ± 6abc 
10.0 - 0.1 100 ± 0a 100 ± Oa 100 ± Oa 53 ± 8a 63 ± 4a 58 ± 5bc 
10.0 - 10.0 100 ± 0a 100 ± Oa 100 ± Oa 67 ± 7a 74 ± 14a 71 ± 10c 

xMean separation within columns by Student-Newman-Keul test at 5%. 



cytokinin concentration. Abnormal shoots with no more than two 

leaves, an excessively thick limb, and no stem were frequently 

observed on explants cultivated in the presence of 10 

IM of either BA or 2iP, or both, (Table 15). Transfer of those 

shoots for a second subculture resulted in death. The best shoots 

with normal leaves, an elongated stem, and occasional 

axillary branching were obtained with the lcwest cytokinin 

concentrations (0.1 fM) in more than 80% of the cases. Such shoots 

survived and continued their growth when transferred into fresh medium 

for a second subculture, but no additional shoots were formed front the 

pre-existing ones which means no "meristemoids" were actually 

initiated during the second passage. 

No significant difference was detected between the two media 

with regard to shoot regeneration. Hie larger amounts of K, Mg, and P 

present in TK medium, relative to U£ medium, apparently had no effect 

on jojoba shoot tip growth in vitro. Their presence perhaps even had 

a repressive effect, since IX medium stimulated slightly more axillary 

branching. 

Fresh weight. Average fresh weight produced after 5 weeks in 

culture was about the same in both media, 47 mg per culture. 

Statistical analysis showed a highly significant difference between 

cytokinin treatments. Whenever 10 /jM of either BA or 2iP was used, 

50% more fresh tissue was produced. At the lowest concentrations, 

cultures weighed an average of 30 mg. More than a 2 fold increase in 

weight occurred at the high concentration (10 fM) • Treatments which 
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had the highest fresh weight also had the highest number of shoots 

with abnormally thick leaves. 

The abnormal thickness of leaves observed at 10 /jM of BA or 

2iP is a cctnman problem reported in tissue culture and referred to as 

•vitrification1 or 'glassiness' depending on the author. The problem 

is frequently encountered in mieropropagation of several other 

species. It is seemingly due to an excessive amount of cytokinin. 

KyjTfvHmprrt- Effect of agar concentration of LY and ZM media on 

initiation of jojoba shoot tip cultures. 

Shoot aprf fnpsh weight production. By increasing the agar 

concentration frcm 2 to 10% explant survival increased by 70%, and the 

fresh weight by 300% (Table 16). As a result of axillary branching, 

the number of shoots produced per culture was also increased. The 

average number of shoots (two per culture) produced with 10% agar was 

75% higher than the average number produced with 2% agar. Four shoots 

per culture was the maximum observed with 10% agar. Statistical 

analysis shoved a highly significant difference between agar 

concentrations and also between media. 

Of interest also is the superiority of LY medium over ZM. The 

latter has a much lower mineral salt concentration which does 

not seem to be desirable for jojoba shoot tip culture. Only 30% of 

the explants on ZM survived the first culture. The remainder 
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"Eable 16. Effect of Difco bacto agar on shoot production and growth on 
the living explants after four weeks in culture on IX, and 
ZM medium both supplemented with BA (8.88 fM) associated 
with NAA (0.54 juM). 

Agar Survival No shoot Fresh weight 
(mg/L) (%) per culture (ma/culture) 

IX ZM IX ZM IX ZM 

2 22 ± 13ax 11 ± 6a 1 + 0a 1 ± 0a 15 ± 6a 18 ± 4a 
5 30 ± 2a 11 ± 6a 1 + 0a 1 ± 0a 20 ± 5a 22 ± Oa 
7 70 ± 2b 22 ± 13a 2 + Oab 1 ± 0a 21 ± 4a 26 ± 2a 
9 89 ± 6b 44 ± 17a 3 + Oab 1 ± Oa 36 ± 7a 30 ± 5a 
10 92 ± 5b 53 ± 14a 2.5 + Ob 1 ± Oa 40 ± 3a 50 ± 8a 

*Mean separation within columns by Student-Newman-Keul test at 5%. 



did not grew much after the second transfer, and no more than one 

shoot was produced per culture regardless of the agar concentration 

applied. 

Experiment 7. Effect of calcium (Ca) concentration in WP medium on 

grewth of jojoba shoot tip cultures. 

Multishoot production. Variation in Ca concentration of WP medium 

had a pronounced effect on quality as well as quantity of shoots 

regenerated frcsn the original explant. On average, two shoots per 

culture were produced during the first four weeks in culture. 

However, at Ca concentrations higher than 11 meq/L this average 

increased by 66% (Table 17). Six shoots per culture was the maximum 

number of shoot harvested at 11.2, and 12.9 meq/L of Ca. Shoots in 

general, at the end of the first period of culture, were 1 to 2 can 

long with 1 to 2 internodes, and 3 to 5 

leaves. 

After the second subculture, which lasted 4 more weeks, the 

average number of shoots produced per culture increased by almost 47%. 

At 12.9 meq/L of Ca the increase reached 83%. The same treatment also 

produced the maximum number of 8 shoots per culture. In terms of 

vigor, they were also the best. 

More than 3 shoots per culture were produced when Ca was 

applied in the range of 11.2 to 16.5 meq/L. Hcwever, the source of Ca 

at those levels seemed to play an important role. In all 



Table 17. Effect of oalcim on multishoot production frcm jojoba 
shoot apices cultivated during eight weeks on modified 
WP medium supplemented with various ccsnbinations of 
Ca(No3)2'2H2° and CaCl2,2H20. 

Ttat Ca2+ Fresh wt. AVCT no of shoots per culture 
# (meq/1) (mg/cult) 4 weeks 8 weeks 

1 0.0 51 + 3 1.0 + 0.0 1.0 + 0.0 
2 4.1 62 + 10 2.3 + 0.06 2.0 + 0.33 
3 5.8 59 + 10 0.8 + 0.13 2.0 ± 0.66 
4 6.5 56 + 5 1.9 + 0.34 2.0 ± 0.66 
5 8.2 53 + 3 2.0 + 0.0 2.7 ± 0.2 
6 9.1 52 + 2 2.0 + 0.0 3.0 ± 0.33 
7 11.4 61 ± 10 2.4 + 0.16 4.5 ± 0.06 
8 11.8 68 ± 3 2.2 + 0.45 3.2 ± 0.13 
9 12.9 72 ± 5 3.0 + 0.30 5.5 ± 0.66 
10 16.5 41 ± 2 2.6 + 0.69 3.5 ± 0.46 

AVG 57 2.0 3.0 



treatments involving 260 mq/1 of CaCl2 (Treatment Nos. 3, 5, and 9 in 

table 17) the average number of shoots per culture was 5.5. This 

decreased to 4 shoots per culture when the CaCl2 concentration was 

raised to 520 mg/1. The original level of CI in WP medium is only 1.3 

meq/L. The highest multiplication rate 

was obtained when 70% of the Ca was provided as CaN03 and only 15 to 

30% came from CaCl2. Jojoba shoot growth in vitro seemed to 

be repressed at a CI concentration higher than 3 meq/L. 

Experiment-, n. Effect of Ca concentration and N source of MS medium on 

growth of jojoba shoot tip cultures. 

Fresh weight. The average fresh weight produced in all three 

modified version of MS was not significantly different. All cultures 

weighed around 100 mg after 4 weeks in culture. 

Calcium effect on multishoot production. By increasing the Ca 

concentration from 6 meq/L, in the original MSI medium, up to 22 

meq/L in MS2, the total number of shoots harvested from 25 cultures 

increased by 32%. The average number of shoots per culture increased 

by 33%. For further multiplication purposes a maximum of 18 shoots 

having at least one internode was harvested frcm one culture of MS2 

medium. 

Similar improvements were obtained using MS3 which had 

approximately the same concentration of Ca, but a different source of 

N. The total number of shoots, and the average number of shoots per 
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Table 18. Effect of two modified versions of MS media on multishoot 
production of jojoba cultivated in vitro in presence of BA 
(8.88 fM), and NAA(0.54 fM) 

Variables MSlY MS2 MS3 

Average fresh weight 95 100 112 

Shoot production 
Tot no shoot/25 cult 
Min no shoot/culture 
Avg no shoot/culture 
Max no shoot/culture 

132 
2 
5.3 
12 

175 
2 
7.0 
18 

158 
2 
6.3 
16 

Percentage of no shoot from 
direct regeneration2 68 80 50 

Shoot height 
Avg height (cny/shoot) 
Avg no internode/shoot 

1.7 
2.7 

3.0 
2.0 

5.0 
3.7 

zDirect Shoot regeneration as a result of a massive basal branching. 
YmsI: Original version of MS medium (6 meg/1 of Ca2+, and 60 iriM of N) 
MS2 contain 22 meq/L of Ca2+, and 22 meq/1 of NC^""^ 
MS3 contain 22 roeq/h of Ca2+, and 61.3 nM of N. 



culture were respectively 20% and 19% higher than MSI. The maximum 

number of shoots collected fncm a single culture was 16. No 

significant difference between MS2 and MS3 was observed. Hcwever, in 

terms of shoot quality and vigor the difference between the two media 

was highly significant. 

Of interest also is the fact that raultishoot production was 

improved even on the original MS version (MSI) tested in 

experiment 1 which contained only 6 meq/L of Ca. This was most 

likely due to the fact that cultures were initieilly grown for 4 weeks 

on Ca enriched WP medium, and by the time they were transferred into 

MS fresh medium the •meristemoids1 which give rise to the newly formed 

shoot were already initiated. As support for the above explanation 

all attempts to induce shoot regeneration on the same version of MS 

medium in Experiments 1, 2, and 3, without prior culture on high-Ca 

medium, failed totally. 

Nitrogen effect on multishoot production. Application of high 

levels of Ca in MS2 and MS3 in the form of CaNC>3 also provide tissues 

with a relatively high level of N03. In order to avoid excessive 

concentrations of N, CaN03 was combined either with (1814)2*103 in the 

case of MS3, or with K2N03 in the case of MS2 which thus contain no 

NH4. Calcium chloride which is the second source of Ca in the 

original version of MS was completely emitted in MS2 and MS3, so no Cl 

was provided to the tissues cultivated in those media. 

Shoots produced in MS3 were, as mentioned earlier, almost 

equally numerous as those produced in MS2 but they were much more 



vigorous. Their average height, and number of internodes per shoot 

were, respectively, 66 and 87% higher than shoots grown on MS2. 

Compared to MSl's shoots the superiority was even greater. 

Effect of media on shoot elongation. In all cases imilti shoot 

production was a result of basal branching which is the surest way to 

avoid genetic variability among newly produced propagules. Shoots 

were generally arranged in a 'rosette' pattern. The number of 

internodes varied greatly frcm one medium to another. Shoots grown on 

MS2 medium produced 4 times as many cuttings (one iriternode, or one 

apex) as those on MS3. 

The combination of N03~-N, NH4+-N and Ca stimulated most 

elongation of newly formed shoots. In the presence of NO3- as the 

sole source of N, and a high Ca concentration, shoots were shorter but 

more numerous. 

The above observations indicate that MS3 is a good medium for 

shoot elongation while MS2 supports mass clonal multiplication. 

Based on the average multiplication rate obtained in this experiment 

(7:1) the theoretical potential mass propagation frcm a single shoot 

apex subsequently cultivated on MS2 would be 5,764,171 shoots produced 

in a one year period. This estimation includes 2 months for the 

initiation and establishment step, and 3 more months for shoot 

elongation and rooting. 

KypprHmpTTh g. Effect of IRA. on root formation. 



68 

Effect of TEA on root formation. More than 60% of the shoots 

cultivated on media containing 5 or 10 mg/L of IBA started initiating 

roots by the third week in culture. Only 10% of the shoots cultivated 

on 20 mg/L did so. Rooting was particularly greatly stimulated among 

shoots previously pretreated for 10 sec with IBA solution, and 

subsequently transferred into media containing 10 mg/L of IBA. At the 

other extreme, no roots at all were formed when shoots were pretreated 

for 20 sec, and then cultured in the presence of 20 mg/L (Table 19). 

At this high concentration, shoots developed brown callus at the base 

but no roots. By the third week their leaves started shewing marginal 

necrosis. Much of the chlorophyll was destroyed after the fourth 

week, likely as a result of IBA toxicity. 

Effect of IBA on the number of root produced per shoot. The same 

treatment which caused the maximum number of shoots to root also 

induced the highest number of roots per shoot. On average, 5.5 roots, 

4 to 5 cm long, per shoot were formed with 10 sec pretreatment in 100 

ppm IBA solution, followed by cultivation in the presence of 10 mg/L 

of IBA. At 20 mg/L more than 5 roots per shoot were also formed, 

especially with the one internode type of shoot, with larger shoots on 

media with 20 mg/L of IBA tended to form more callus. 

Shoots with 4 or 5 roots, 4 to 5 cm long, were successfully 

transferred into vermiculite, and grown under greenhouse conditions. 
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Table 19. Effect of IBA treatment on root formation of in vitro 
produced shoots previously wounded at their bases, and 
cultivated for four weeks on MS medium containing 0.1 mg/l 
of BA in association with IBA. 

Culture w/roots No of roots/culture 
IBA (mg/l) 5 10 20 5 10 20 

Pretreatment2 

time (sec) 
¥50a x3.0a 5 ¥50a 60a 20a x3.0a 3.5a 2.5b 

10 80b 85b 10a 4.5a 5.5a 1.7b 
20 50a 45a 0a 0 a 0 a 0 a 

zPretreatment consisted of dipping the shoot bases in 100 mg/l 
IBA solution. 
YMean separation within columns by Student-Newman-Keul test 
at 1%. 
*Mean separation between columns by Student-Newman-Keul test 
at 5%. 



IIIHtlKKIQW 

Effect of explant size. Of the nary factors that influence 

organogenesis in vitro the first critical factor to be investigated 

when beginning a study is the type and size of the explant to be used. 

Previous studies on jojoba shoot tip culture (Madani et al., 1976; 

Kestutis, 1978; Post et al., 1980) ignored or gave little attention to 

the size of shoot apex used as explant. Results from Experiment 1 of 

the present study showed that for maximum survival during the 

initiation step jojoba shoot explants should consist of the 

meristematic apex surrounded by no more than 2 leaf primordia. In 

most cases, smaller explants with only the meristematic region failed 

to survive, most likely due to damage caused during dissection. 

Monaco et al., (1977) reported that the smaller the explant the higher 

the cut surface to volume ratio and thus the higher the damage caused 

to the tissue due to browning caused by oxidation of phenols, and the 

loss of some compounds such as adenine sulfate, K, and intercellular 

C&2 (Gronewald and Hanson, 1980; Iange et al., 1970). 

Shoot apices with more than 2 leaf primordia also had a high 

mortality. The reason might be because of an unbalanced hormonal 

situation within the explant tissue. In fact, meristematic apices in 

general are known as an active site of auxin biosynthesis, and at the 

time they are excised frcan the mother plant they contain a fixed 

amount of hormone which may (or may not) react positively with the 

existing amount of growth regulators in the artificial medium. 

Application into the medium of BA at 5.28 /M significantly stimulated 
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the growth of seme explants, likely by counteracting the auxin effect 

aocx>rding to Skoog and Miller's concept (1957). Even though explants 

were taken frcm the same mother clone, and prepared in the same manner 

prior to their transplantation into the medium, different responses 

were observed in tern of survivals, and shoot growth. Such variations 

have been reported with a variety of wood/ plant species which have 

been cultivated in vitro. Seme authors attributed it to the 

difference in the degree of juvenility between explants due to the 

number of cell division that separate each meristem fran the original 

embryo shoot apex (Durzan et al., 1973). Others explained it by the 

hormonal balance, and nutritional status within the explant tissue 

(Douglas, 1984). 

Callus production. Among the six nutrient media tested in the 

present study, Murashige and Skoog (MS) medium (1962), and Gamborg et 

al. (B5) medium (1968) induced the most callus proliferation on the 

small leafy shoots produced during the first 3 weeks in culture. No 

shoot proliferation was achieved on MS medium even though it was 

fortified with adenine sulfate (160 mg/L), and phosphate (170 mg/L) 

which are known to stimulate shoot formation in plant tissue culture 

(Skoog, 1944; Skoog and Miller, 1957; Murashige, 1974). Additional 

application of BA, and 2iP as cytokinin, and NAA, IBA, and 2,4-D as 

auxin improved fresh weight production but had no effect on shoot 

formation. Ihe mineral composition of both MS and B5 are characterized 

by high N concentration (24.6 juM and 60 iM, respectively), and this 

seemed to play a determinant role in the morphogenetic response of 



jojoba shoot apices cultivated in vitro. Kestutis (1978) came to the 

same conclusion following his study where he tested three different 

media all highly concentrated in N, and a variety of growth regulator 

combinations. Other authors reported frequent callus proliferation on 

MS medium regardless of the kind or concentration of diverse organic 

compounds (Aragao, 1976; Madani et al., 1978; El Mardi, 1979; 

Kestutis, 1978; Rost et al., 1980). 

With regard to media hormone interaction, Steward et al. 

(1967) pointed out that the various regulating stimuli should be 

applied not only in the right amount but also under the right cultural 

conditions. The same authors stressed that no generalization should 

be made about the phytbhormonal regulation of organogenesis. The 

failure of MS-type media to induce grcwth on jojoba shoot apices even 

in the presence of growth regulators is certainly in keeping with the 

above remarks. 

Shoot growth, similar explants, that were unsuccessfully 

cultivated on MS and B5 media, were tested on 4 other nutrient media 

originally defined for woody plant species: Lloyd and McsOown (WP), 

Lyrene (LY), Tabachnik and Kester (TK), and Zimmerman (ZM) medium. 

The main difference between these 4 media compared to MS and B5 is the 

fact that they have 25 to 50% less mineral salts. Shoot grcwth 

initiation without callias formation was achieved in 100% of the cases 

on IH medium, and in more than 80% of the cases on WP medium. 

Application of cytokinin at a low concentration (0.1 /uM) significantly 

improved vegetative growth of newly formed shoots. Benzyladenine was 



more effective than 2iP, especially an WP medium. The greater 

effectiveness of B& over other cytokinins was explained by the fact 

that it is more readily metabolized by plant tissues, and once inside 

the tissue it probably induced synthesis of natural hormones such as 

zeatin (Zaer and Mapes, 1982). 

In terms of multishoot production, the presence of EA in both 

media clearly induced axillary branching, and subsequent formation of 

more than one shoot per culture. Up to 3 shoots per culture were 

produced on WP medium supplemented with 0.88 juM of EA. The same 

cytokinin concentration stimulated production of the highest average 

fresh weight recorded with WP medium. Several other studies on woody 

plant species have found also that EA is the most effective cytokinin 

in stimulating shoot proliferation (Jones, 1979; Elliot, 1972; 

Zimmerman, 1983). On LY medium, however, 2iP seemed more efficient 

than EA in shoot proliferation. Post et al. (1980) also reported the 

efficiency of 2iP combined with NAA on jojoba shoot grcwth and 

elongation. 

On the basis of such findings, the activity of cytokinin 

seemed to depend not only on the structure of their molecule but also 

on the composition of the nutrient medium they are added to. 

Cytokinins are closely involved with cell division, and enzyme 

activity (Bonga and Durzan, 1982), and much evidence today is in 

favor of a role of cytokinins in the translation process (Rost and 

Marid, 1981; Trevor, 1980, 1982) leading to the synthesis of all kind 

of proteins. Syono (1965) found that specific proteins are necessary 



for organogenesis. Hie protein formed would be for structural as well 

as enzymatic processes. In another biochemical study, Elliot (1980) 

found that cytokinin dependant induction of certain enzymes can be 

inhibited by a calmodulin inhibitor, trifluoroperazine, even in the 

presence of Ca. Based on this latest observation it would seem likely 

that Ca-related proteins may play a critical role for woody plant 

tissue culture. Studies on forest trees (Durzan, 1982) and results 

from the present study support this idea. In fact the media most 

inductive for jojoba shoot growth (WP and LY) have in common the 

presence of a relatively high Ca concentration, especially in the 

form of CaN03. Application of cytokinin (BA or 2iP) to those media 

showed a stronger interaction than what was observed with MS and B5 

media. 

Tabachnik and Kester (TK) medium is a slightly modified 

version of LY medium. It has a similar concentration of Ca, half the 

Fe level but more K, Mg, and P. Explants cultivated on TK medium 

showed similar response to what was observed on L5f medium. No 

significant difference was detected between the two media. This is to 

say that Ca nutrition seemed more determinant than any other mineral 

for successful growth and proliferation of jojoba shoot apices. 

Shoot growth initiation on the least concentrated medium 

tested in this study (ZM medium) was completely unsuccessful, 

regardless of the type and concentration of cytokinin associated with 

it. 



Of interest also is the vitrification symptom observed 

whenever 10 /iM of EA or 2iP was incorporated into LY or TK medium. At 

this high cytokinin concentration, shoot leaves were abnormally thick, 

translucent, and water-soaked, and stem elongation was carpletely 

inhibited. A similar problem was described as glassiness by other 

authors (Hakkaart and Versluijs, 1983). It is a problem frequently 

encountered in micropropagation when shoots are grcwn in the presence 

of high cytokinin concentrations (Yeoman, 1986). Among the woody 

genera for which the same problem was reported are Malus. Prunus. 

Pinus. and Sequoia (Deberg et al, 1981). The combination of two 

cytokinins such as BA and 2iP, both at 10 iM, did not alleviate the 

problem as it has been proposed to do (Deberg et al. ,1981). 

Probably, as Yecsuan (1986) anticipated, because the leaf tissue 

involved was so young. 

Effect of agar concentration. Increasing the agar 

concentration from 2 to 10% caused a dramatic increase in the 

percent of living explants as well as in the number of shoots 

produced from a single shoot, and their average fresh weight. These 

three variables increased respectively by 318%, 150%, and 166% at 10% 

agar compared to 2%. Agar is added into tissue culture media as a 

solidifying agent, but recent studies attribute to it several other 

benefits. Zimmerman (1983) observed that the type of agar used 

reduced the vitrification problem with same apple cultivars but 

increased it with others. Deberg et al. (1981) reported that 

relatively high concentrations of agar, 2 to 4%, set a water potential 
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in the medium of the order of -5.7 and -7.5 bars. This created a mild 

stress condition necessary for floral bud formation on Chicorium 

intvbus. Evidence for such stress was supported by the high proline 

content found in tissue cultivated in the presence of high agar 

concentration. In another study comparing three different commercial 

agar sources, Singha et al. (1985) claimed that the alteration of the 

elemental composition of the basal medium by the addition of specific 

agar best explains variations induced by different agar sources on 

shoot proliferation and growth of the explant. His spectrographic 

analysis shewed, for example, that Difco Bacto agar, the same that was 

used in the present study, contains an appreciable amount of a variety 

of minerals. Of interest to what was discussed earlier concerning the 

Ca needs of jojoba shoot apices, Ca was the most abundant mineral in 

Difco Bacto agar (1161 ppm). 

The above studies partially confirmed the need of jojoba shoot 

apices for Ca, and suggest that shoot proliferation from jojoba shoot 

apices may be water stress related, 

Multishoot production and mass clonal propagation. Increasing 

the Ca content on WP medium frcra 6 meq/L in the original version up to 

16.5 meq/L dramatically increased multishoot production on cultures 

initiated during the first passage on L5f medium. An average of 5.5 

shoots per culture was harvested frcm WP medium containing 13 meq/L of 

Ca which is twice the original concentration. Calcium nitrate was 

more efficient as a source of Ca than CaCl2. Similar findings were 

reported with same forest trees. Durzan et al. (1973), for example, 



found that white spruce tree prefers high levels of Ca, particularly 

CE1NO3. 

A massive shoot proliferation was achieved during the third 

passage of cultures transferred from WP medium containing 12 to 16 

meq/L of Ca to MS medium containing 22 meq of Ca. The multiplication 

rate in modified MS medium supplemented with OA (2 mg/1), NAA (1 

mg/1), Ca (22 meq/L), and N03 (65.3 meq/L) as the only form of N 

varied from 6:1 to 18:1. Substitution of part of NO3 by NH4 (20.6 

meq) increased shoot elongation and the number of internodes per 

shoot. Hie average height of shoots attained 5 cm. Such longer 

shoots were assigned for rooting studies. 

Based on the multiplication rate obtained on modified MS 

medium supplemented by N03 (65.3 meq/L), Ca (22 meq/L), BA (2 mg/L), 

NAA (1 mg/L), and 10% agar the total number of plantlets which could 

possibly be produced frcm a single shoot apex subsequently cultivated 

for nine months was extrapolated to be 5,764,171. 

Root formation (4 to 5 per a single shoot, 4 to 5 cm long) on 

the in vitro produced shoots was successfully accomplished by first 

wounding their bases prior to their pretreatment with 100 ppm IBA 

solution for 10 sec, and then cultivation for 4 weeks on MS media 

(original version) supplemented with 10 mg/L of IBA. Rooted shoots, 

even with only one internode, were transferred into vermiculite, and 

grown under greenhouse condition without noticeable problems. 



CXUCLLJIUNG KEM&RK5 

Growth initiation of jojoba shoot apices taken frcm a mature 

shrub was accomplished in media with a variety of salt formulations, 

hcwever, media highly concentrated in mineral salts (above 3000 mg/L) 

such as Murashige and Skoog (1962) medium, and Gamborg et al. (1968) 

medium were more inductive for callus proliferation than for organized 

development regardless of the auxin cytokinin ratio. Callus formation 

was observed in such media as early as the third week of culture. The 

initiation step for in vitro micropropagation of jojoba frcnt shoot 

apices was best accomplished on HP-like medium containing 50% less 

mineral salts than MS medium, and particularly CaNC>3 as a source of N. 

Explant survival during the initiation step was greatly improved in 

media containing more than 6 meq/L of Ca. According to Sha et 

al. (1985) explant death due to shoot necrosis, and their subsequent 

browning is in fact a Ca deficiency problem. 

After the four week initiation step, proliferation during the 

second passage of an average two to three shoots per culture as a 

result of basal branching was occasionally observed on WP medium 

containing BA (8.88 juM), NAA (o.54 juM), and twice the original Ca 

concentration (12 meq/L) provided mainly as CaNC^. Other woody plant 

species, such as white spruce, have been found to express similar need 

for a specific source of Ca (Durzan et al.,1973). 

The multiplication rate obtained with Ca enriched WP medium 

(1:4) was increased to 1:7 when cultures were transferred into MS 

medium containing the same auxin cytokinin ratio (1:20), 22 meq/L of 
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Ca, and 61.3 meq/L of NO3- as the sole source of N. A nultishoot 

production as a result of massive basal branching with longer shoots 

was also obtained in MS medium containing similar amount of Ca and 

equal amount of NO3-, plus NH4+ (22 meq/L). 

Rooting of the in vitro produced shoots was aoccnplished on 

the original version of MS medium supplemented with 10 rrq/L of IBA, 

and 1 mg/L of BA. Shoots were dipped for 10 seconds on 100 ppn IBA 

solution prior to their transfer to the rooting medium. In vitro 

produced jojoba plantlets were suooessfully transferred to greenhouse 

conditions without special treatment. 
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